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USE OF AIRBORNE IMAGING SPECTROMETRY TO THE DEFINITION OF
OPTIMISED SPECIFICATIONS FOR LAND APPLICATIONS WITH FUTURE

SPACEBORNE IMAGING SPECTROMETERS

J. BodecMel & S. Sommer

Arbeitsgruppe Fernerkundung (AGF) urn
Institut t. AIIg. u. Ang. Géologie
Ludwig-Maximilians-UniversitatMùnchen
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Ludwig-Maximilians-UniversitiU Munchen

ABSTRACT

Recent experience with airborne imaging spectrometers has
demonstrated the advantages of narrow band sensors over
broad band scanners such as Landsat TM for characterising the
nature and physical status of typical land surfaces. Information
on key spectral features associated with various land surfaces
can be obtained from the data of airborne imaging
spectrometers, which can be used to simulate spaceborne high
spectral resolution data and to assess their information content
if comprehensive underpinning is provided by ground data.

Keywords: Imaging spectrometry, land surface differentiation.

!.INTRODUCTION

In the presented ongoing research programme, airborne and
ground data obtained from different test sites in Europe are
utilised for a comparative analysis of the spectral signatures of
various land surfaces (vegetation, bare soils and rocks, mixed
soil-rock/vegetation) as seen from different imaging
spectrometers.
The significance of the VIS/NIR spectral region is considered
as well as the usable SWIR regions between 1500 and 2500
nm.
The results shall be used for the determination of optimised
specifications of future spaceborne imaging spectrometers for
land applications.
Up to now, mainly data of the GER 63 band scanner, acquired
in the 1989 EISAC campaign over several land test sites in
Europe (Bodechtel & Sommer 1991), and data of the Compact
Airborne Spectral Imager (CASI), flown in 1990 on behalf of
the JRC Ispra over the Freiburg Upper Rhine Valley, have
been evaluated. In the next future, it is intended to include
1991 MAC-Europe AVIRIS data into the study.

2. DATA PROCESSING

In the Freiburg Upper Rhine Valley test site, spectral
signatures of agricultural units were evaluated.
The Freiburg test area lies in the Upper Rhine Valley in South
West Germany. It consists of small sized agricultural units
(app. 1.5 ha), that are intensively cultivated with the main
crops being com, wheat, barley and soybeans.

The aim of the study was to extract agricultural parameters
over varying soil backgrounds from GER and CASI data. For
this purpose detailed ground truth was performed.
Ground data was collected on a 5x4 km subset of the area
covered by the airborne data. The pound check consisted of a
total inventory of the 1300 fields in the area. For each field the
boundaries, the vegetation type and the plant height were
registrated. The observed parameters were integrated in a GIS.
This allowed the creation of digital maps of the observed plant
parameters with a spatial resolution of 10 m. In addition a
detailed map of the distribution of soil parameters in the test
site was included into the GIS.
For radiometric correction of the airborne data, field
spectroscopic measurements with a GER IRIS
spectroradiometer were performed in coincidence with the
overpasses.
Meteorological data provided by the German Weather Service
served as a basis for the atmospheric correction of the airborne
data using the LOWTRAN-7 model. The resulting reflectance
images were geometrically corrected to fit on the digital maps
and ground data. Good correspondence could be found
between reflectance spectra derived from airborne and field
radiometric measurements.
The combined set of image and ground truth data enabled the
calcualtion of averaged spectra for selected soil and plant
parameter combinations. This procedure considerably reduced
the system noise in the GER airborne spectra. The influence of
system noise in CASI spectra is by far smaller, which enables
the extraction of suitable spectra also from small boxes (3x3
boxes).

3. SPECTRAL PARAMETERISATION
OF SIGNIFICANT FEATURES OF
DIFFERENT LAND SURFACES

3.1. VIS/NIR Spectral Region

The further analysis of the data sets concentrated on the
modelling of the vegetation reflectance red edge and the
detection of irrigated fields in the test site using the SWIR
bands.
The red edge modelling was conducted through fitting a
Gaussian function through the bands between 670 and 850 nm.
(Bonham-Carter 1988).
Separate correlations between the parameters describing the
Gauss function and the measured plant parameters were
calculated for each soil type. The analysis shows highly
significant correlations (r > 0.93) between both the "minimum
reflectance" and the inflection wavelength of the vegetation
red edge and the plant height of com. The resulting regression
functions for the correlation "minimum reflectance/plant
height" vary strongly depending on the soil type of the
considered corn field. In the opposite to this the correlation
"inflection wavelength/plant height" (r = 0.997) is not

Proceedings of the Centra/ Symposium of the 'International Space Year' Conference. HeIrJ in Munich. Germany. 30 March-4 April 7992
(ESA SP- 341 July 1992)
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influenced by the signal of the underlying soil. It is only
determined by the plant parameter. The wavelength shift
between com of 10 cm and of 100 cm height was determined
with appr. 5 nm.

3 23
X Measured Values

Calculated Fit
I

-Ro

550 8 5 0690 730 770 310
Wavelength [nm]

Ro=Min.RefIectance Xo=Wavelength Mirt.

Rs=Reflec. Shoulder Xp=Inflection Wavel.

Fig. 1 : Inverted Gauss fit for a GER spectrum of vegetation

3.2. SWIR Spectral Region

Image analysis of the VIS/NIR bands showed that irrigated
bare soils could not clearly be separated from dark clay soils.
Field spectrometry, however, revealed a strong dependancy of
SWIR absorption features on the water content of the soil
surface. Top soil moisture proofed to be well parameterized
through the ratio between the soil reflectance at 2160 and 2040
nm (r = 091). A transfer of this relation to non-vegetated
pixels in the GER image allowed the classification of irrigated
bare soils regardless of the soil type.
Encouraging results concerning the significance of the SWIR
bands could also be achieved in the discrimination of different
soils and rocks by using their characteristic spectral features in
the SWIR between 2000 and 2500 nm. The evaluation of
EISAC'89 GER data, obtained from bare rock and soil
surfaces in the Ardeche test site (F), revealed identical
absorption features in airborne as well as radiometric field and
laboratory measurements, which correspond to the varying
contents of Al-OH and CCh bearing minerals (Hill 1991). But
also combined lignin ana cellulose absorptions appear in
spectra from the second GER SWIR spectrometer module,
once the amount of green leaves in the observed vegetation is
significantly reduced. This becomes clearly evident in spectral
signatures derived from mature wheat and barley crops.
Corresponding cellulose-lignin absorptions, though weaker,
can also be identified in spectra from mediterranean
shrublar.ds (Hill & Megier 1991; Bach et al. 1991).

70-
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Fig. 2: Regression of minimum reflectance and vegetation
height of com on different soils
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Fig. 4: GER reflectance spectrum of mature wheat in the
Ardeche (F) area (Hill & Megier 1991)
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FiE. 3: Regression of inflection wavelength and vegetation
height of corn on different soils

4. ASSESSMENT OF FUTURE REQUIREMENT S

In the VIS/NIR practical approaches for a better classification
of agricultural areas could be demonstrated. Consequently a
VIS/NIR band set optimized for land applications is proposed
as a basis for further discussion (see Table 3). This band set
providing 16 bands from 445 to 1035 nm (centre wavelength),
proposed to be 5 to 20 nm wide, comes close to the
configuration being planned for MERIS.
In the SWIR region numerous characteristic absorption
features of soil and rock forming minerals as well as of
vegetation have been described in the past (Goetz 1989,
Curran 1989). The evaluation of GER data showed that these
spectral features can be extracted even from data with
considerable radiometric distortions (Hill 1991). Improved
sensor performance and better data quality, as it is expected
from sensors like AVIRIS, should help to parameterise the
inherent spectral information for a better characterisation of
the physical status of different land surfaces.
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Examples of the most important spectral phenomena of land
surfaces in the two atmospheric windows of the SWIR region
are summarised in Table 1 together with some considerations
about ODtimum bandwidths for their detection.
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In Table 2 a preliminary assessment of minimum user
requirements to the specifications of a future spaceborne high
spectral resolution sensors for land applications is given.

Object/Phenomenon Relevant Spectral Region Optimum Spectral
Resolution

1. Soils and Rocks : General Use: Detection of characteristic
absorption bands of typical soil and
rock forming minerals, determination of
soil moisture and content of organic
components

SWIR 1:1500-1800 nm

Determination of soil moisture

Weak absorption bands of carbonates
Dolomite 1740nm
Calcite 1760nm

<50nm

10 nm
10 nm

SWIR II: 2000-2400 nm

Characteristic absorption bands
of -COj, -OH and -804 bearing minerals
e.g. carbonates and layer silicates
e.g. broad -CO^ bands in carbonates
Calcite
Dolomite

e.g. -OH and AlOH bearing minerals
e.g. Kaolinite, Muscovite, Alunite

e.g. MgOH bearing minerals
e.g. Talc, Brucite

Determination of soil moisture

at 2320 nm
at 2310 nm

at 2200 nm

at 2300 nm

ratio 2160/2040 nm

10 nm
10 nm

10 nm

10 nm

20 nm

2. Vegetation: General Use: Determination of biomass, vitality, age,
stress, productivity, species
differentiation

Leaf water content
Maximum Reflectance
Characteristic absorption bands
of Lignin und Proteins

SWIR I: 1500 -1800 nm

1630-1660 nm

e.g. 1510 & 1690 nm

20 nm

<10nm

Determination of water content

Characteristic absorption bands
of Cellulose, Lignin and Proteins
e.g. Cellulose, Starch
e.g. Lignin
e.g. Proteins

SVVIR II: 2000-2400 nm

2190- 2300 nm

at 2100,2280 & 2340 nm
at 2140 & 2380 nm
at 2060,2180 & 2300 nm

20 nm

<10nm
<10nm

Table 1 : Spectral phenomena in the SWIR region usable for remote sensing of land surfaces
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Parameter REQUIREMENT

Swath Width:

Spatial Resolution:

Spectral Resolution:

a) VIS/N1R: 400 - 1050 nm
Bandwidth:
No. of Bands:

b) SWIR I: 1500-1800 nm
Bandwidth:
No. of Bands:

c) SWIRII2000 - 2400 nm
Bandwidth:
No. of Bands:

Sensor Sensitivity:

>100km

<100m

5-10nm
>10

<20nm

10 nm
>20

NER <= 0.001 [mW/sqcm/ m/sr]

Radiometi ic Accuracy:

Calibration Accuracy:

Bandwidth:

Band Position:

Signal-to-Noise Ratio:

calibration accuracy better than >5%
(in-band radiances)

effective bandwidth must not exceed
nominal bandwidth more than <20%

deviation from nominal center
wavelength < ±3 nm

> SO in all bands at scene minimum

>w1

Geometric Requirements:

Band-to-Band Registration:

Spatial Resolution:

within one pixel between all bands

real pixel size must not exceed
nominal pixel size more than 10%

Table 2: Assessment of minimum user requirements to the specifications of spacebome imaging
spectrometers for land applications
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Band Position

445 nm

490 nm

520 nm

565 nm

620 nm

670 nm

683 nm

711 nm

720 nm

745 nm

755 nm

765 nm

780 nm

880 nm

960 nm

1035 nm

Bandwidth

10 - 20 nm

10-20nm

10 - 20 nm

10 - 20 nm

10 - 20 nm

10-20nm

5 - 10 nm

5-10nm

5 - 10 nm

5- 10 nm

5 - 10 nm

5- 10 nm

5 - 10 nm

10 - 20 nm

10 - 20 nm

10-20nm

Application/Feature

Vegetation/Water/Fe-Minerals

Vegetation/Water/Fe-Minerals

Vegetation/Water/Fe-Minerals

Vegetation/Water/Fe-Minerals

Vegetation/Water/Fe-Minerals

Vegetation/Water/Fe-Minerals

Vegetation/Water/Fe-Minerals

Vegetation

Vegetation

Vegetation/Atmospheric Correction

Vegetation/Atmospheric Correction

Vegetation/Atmospheric Correction

Vegetation/Fe-Minerals

Vegetation/Fe-Minerals

Vegetation/Fe-Minerals

Vegetation/Fe-Minerals

Table 3: Proposal for a V1S/NIR band set optimised for land applications with spacebome high
spectral resolution senors

5. CONCLUSIONS

The presented examples show that airborne imaging
spectrometer data bear a great potential to determine improved
parameters for the characterisation of land surfaces.
The recent preliminary assessment of the minimum user
requirements to spacebome imaging spectrometers for land
applications is mainly based on practical experience with first
generation airborne imaging spectrometer data taken over
Europe.
More data evaluation and research is needed to optimally
parameterise the physical/(bio-)chemical information
contained in'the reflectance spectra of land surfaces, especially
in the SWIR region. Upon such a basis of better defined
parameters describing the physical status of the surface,
optimum specifications of spaceborne imaging spectrometers
including also the SWIR spectral range should be designed,
taking into account the reduction of redundant data through
intelligent positioning of spectral channels.
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THE USE OF POLARIMETRIC MULTIFREQUENCY SAR
FOR CHARACTERIZING TERRAIN CLASSES

R. Glitz
DLR, Institut fui Hochfrequenztechnik

8031 Oberpfaffenhofen, Germany
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ABSTRACT
Imaging radar with synthetic aperture proved its ca-

pability for Earth-science applications foi many years.
Future space-borne missions beginning with SIR-C in
1993 take advantage of polarimetric and multifrequency
SAR sensors. In this work data acquired with NASA/JPL
DC-8 SAR are fully calibrated; signatures and polarimet-
ric features of terrain classes are extracted and explained
with respect to frequency and incidence angle depen-
dence. Applications of polarimetric contrast enhance-
ment, separation and classification of object classes are
demonstrated and a new approach to assess and optimize
feature information is proposed.

Keywords: Synthetic-Aperture-Radar, SAR calibra-
tion, polarization signatures, classification, polarimetric
feature information

1. INTRODUCTION
At present, sensors applying synthetic-aperture-radar

allow two-dimensional imaging of the Earth surface radar
backscattering with a resolution of only a few meters.
This capability is achieved by transmission of coherent
radar waves, phase sensitive detection and on-line or usu-
ally off-line digital processing. An inherent advantage of
active microwave sensors for remote sensing is their in-
dependence of day-or-night and weather conditions. Due
to the microwave sensitivity to geophysical parameters of
land and ocean surfaces such as surface roughness, soil
moisture and biomass global observation with SAR is of
paramount importance for the solution of environmental
problems.

The DC-8 SAR of NASA/JPL serves as an air-borne
test instrument for the shuttle imaging radar missions
SIR-C starting next year. It was employed in the SAR
calibration experiment of DLR at Oberpfaffenhofen test
site in 1989. Special diversity in our experiment refers
to incidence angle, wavelength and polarimetry. Since
three parallel tracks were flown, radar scenes of the same
area but different incidence angles of typ. 35°, 45" and
55° were obtained. DC-8 SAR is equipped with three
simultaneously operating SAR sensors comprising C-, L-
and P-band with wavelengths of 5.6 cm, 24 cm and 68 cm.
Last but not least this system permits fully polarimetric
measurements in the four configurations of horizontal and
vertical receive and transmit polarizations HH, HV, VH
and VV.

Figure 1 illustrates the scattering geometry and the
measurement arrangement (Réf. 1). Pulsed radar waves
are transmitted from the antenna T, scattered by a me-
dium on ground and detected with the reveiver part R of
the SAR sensor. The propagating radar waves are char-
acterized by the electrical field vectors E, and ET. DC-8
SAR essentially utilizes one horizontal (h) and another
vertical (v) polarized antenna for both transmission and
reception. It therefore allows direct measurement of a
target's scattering matrix in the h-v polarization basis.
The scattering matrix is composed of two copolarized ele-
ments Shh and S». and two cross-polarized ones 5k. and

Figure 1: Scattering geometry.

Figure 2: Polarization ellipse.

The polarization state of an arbitrary polarized elec-
tro-magnetic wave is characterized by the angles of el-
lipticity x an<l orientation t/> as introduced in Figure 2.
Special cases are linear and circular polarizations corre-
sponding to x = 0° and x = ±45°, where the minus sign
refers to the right circular case. An orientation angle of
0° defines horizontal polarization.

For idealized point targets the backscattered wave is
transformed but fully polarized like the incident wave.
The knowledge of the scattering matrix is sufficient to de-
termine the point target's response for arbitrary configu-
rations of transmitter and receiver polarizations. Remote
sensing is usually concerned with area extended targets
like grass land or forests. These types of targets must
be considered as random ensembles of scatteters with
more or less varying scattering behaviour. The possi-
bility of multiple scattering events complicates the situa-
tion as well. Generally, depolarization of incident polar-
ized waves by scattering from extended targets arises as
a consequence, and a more general description is needed
to take such effects into account. One approach is to uti-
lize polarization covariance matrices (PCM) as target de-
scriptors and Stokes vectors for partially polarized waves.
Measurements in all four polarization modes allow to es-

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 7992
!ESA SP-341 July 1992)
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Figure 3: Copolarized signatures:
a) single scatterer, b) double scatterer.

tablish the PCM as quantity of second order scattering
statistics. This matrix includes all possible area averages
of mutual products between scattering matrix elements
such as (ShhS'hv).

Interpretation of the properties of point targets as
well as of extended targets can be assisted Ky polarization
signatures. The copolarized signatures shown in Figure 3
for two targets of principal importance represent the re-
ceived power as functions of \ and ifi, equal for transmit-
ter and receiver. The first example refers to an idealized
single scatterer. Its scattering properties can be approx-
imated by a plain surface or a trihedral corner reflector
as well. Equal maxima occur at all linear polarizations,
and power symmetrically decreases towards circular po-
larizations. The signature of an idealized double bounce
scatterer is shown in comparison. Due to a 180° phase
difference introduced by an additional reflection two nulls
for linear polarizations at 45° and 135° orientation occur.
These fundamental differences in signatures demonstrate
the significance of polarimetric measurements versus con-
ventional single mode operation.

2. CALIBRATION
In real measurements idealized signatures cannot be

expected, but calibrated data are needed for further in-
vestigations. Pure signatures can be obtained after cor-
rection of sensor-induced distortions which may affect
the amplitude and phase relations between the four po-
larimetric channels. It is found (Réf. 2) that the actual
measurement matrix is a product of the true scattering
matrix with receiver and transmitter distortion matrices
and an additional polarization independent factor.

We have implemented a calibration procedure which
involves four successive steps. First, symmetrization,
justified by the reciprocity theorem of electromagnetics,
combines the two cross-polarized channels HV and VH
to a single one, then signified by X. The next task of
calibration is concerned with sensor induced cross-talk
due to some occuring power leakage from co-channels to
cross-channels in the RF-network or polarization impuri-
ties of the antennas. Our approach to correction is based
on the theory of random target behaviour approximating
zero correlation between co- and cross-polarized returns.
For minimizing the correspondent PCM elements we im-
proved existing calibration procedures by applying a least
square error criterion over each liue of image data. In

m
TP

-20

S -40
o

-60

a) 10 20 30 40
e/deg.

50 60

o

b) 20 5030 40
e/deg.

Figure 4: Cross-Talk a) before cal., b) after cal.

60

Figure 4 the cross-talks before and after calibration are
opposed. A removal of the incidence angle dependence
before calibration, which turns oti* to be worst for near
range, together with an overall reduction of about 10 dB
on an average is noticed.

For detection of the copolar channel balance we were
able to use the responses of our trihedral corner reflectors
located within the calibration test site. Before calibration
we found a fairly good amplitude balance, but a phase
erroi of about 70°, as seen in Figure 5a, was detected.
Th*- compensation of this phase offset resulted in a nearly
ideal phase balance (0°).

Finally, absolute calibration yields scaled data given
in terms of scattering coefficients <r°. The existence of
reference targets of known radar cross-sections within
the scene was valuable for determining the calibration
factor. Now, the impact of calibration can be studied
by the transition of polarization signature for the cor-
ner reflectors. Before calibration the signatures look like
those of a disturbed double scatterer. This is due to the
recognized phase offset. After calibration a nearly ideal
trihedral reflector response is achieved. In the same way,
our calibration procedure is validated for the whole image
scene.

3. STUDY ON TERRAIN SIGNATURES
A calibrated SAR image is shown In Figure 6. This

is a total power image summarizing iue four polarization
channels at C-band. The corner reflector arrays of DLR's
test site can be recognized as bright spots in the upper
central part of the image. Since we are mainly interested
in studying terrain classes, we have selected some test
areas for grass land (Wl, W2), concrete (Bl, B2) and
urban areas of Gilching (Al, A2), Lake Wefiling with
two areas (Sl, S2) as well as forests, two of coniferous
type (Nl, N2) and two of deciduous type (Ll, L2).

To point out the polarization properties of these nat-
ural und man-made objects, the concept of polarization
signatures is helpful for identifying basic scattering mech-
anisms. Figure 7 illustrates two examples of real copo-
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larized signatures at C-band. In case of grass land the
signature resembles that of an ideal single scatterer im-
plying a slight dominance of HH backscatteting power.
The signature of the urban area reveals double scattering
which arises from edge reflections between ground and
buildings. In both cases a pedestal of signature appears
which is caused by an unpolarized component typical for
extended targets.

To demonstrate the flexibility of SAR polarimetry,
the capability of contrast enhancement is illustrated in
Figure 8. Two images of the same section including ur-
ban area Al and grass land Wl are opposed, one with
minimum and the other with maximum contrast between
these two terrain classes. Optimal polarizations for re-
ceiver and transmitter are determined and images with
desired properties can be synthesized from the available
fully polarimetric data (Réf. 3).

Results of a detailed study on the dependence of po-
larimetric object class parameters as functions of wave-
length are compiled in Figures 9 to 11. In Figure 9
the co-polarized scattering coefficient for horizontal po-
larization is shown comparing all terrain classes. It is
generally noticed that the urban areas and the forests
give rise to much higher returns than grass, concrete or
lake targets. These differences are explicable since radar
backscattering is largely enforced by surface roughness
and reflection-like interactions. For (r^k the decrease in
the sequence C-L-P1 as expected for surface targets, is
found especially in case of both grass areas. Accord-
ing to this sequence, increasing scattering coefficients are
observed for all forested areas. Tliis is explained by
the different scattering mechanisms relevant at the three
wavelengths. At C-band wavelength the incident waves
mainly interact with needles or leaves in a thin layer of
the upper forest region. Scattering coefficients are thus
comparable to that of grass lands. Medium sized twigs
and branches serve as predominant scatteres in the L-
band. The P-band waves couple mainly with the big
branches, the trunks and even the ground from which re-
sults an increasese of scattering coefficients by about 10
dB for forests compared to grass. Thus the amount of
scattering coefficients depends considerably on the size
of the relevant scattering elements for each of the dif-
ferent wavelengths. In case of urban areas no signifi-
cant wavelength dependence can be observed as the men-
tioned double reflection mechanism appears similarly at
all wavelengths.
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Figure 7: Copolaraed signatures: a) grass land Wl,
b) urban area Al.

With respect to the copolar phase difference shown
in Figure 10 urban targets approximate values of ±180°.
This indicates double scattering and discriminates urban
areas from all surface type targets under consideration.
For the latters the copolar phase differences are restricted
to some extent around 0°. Regarding forests a transition
takes place from dominant single scattering in C-band
to a mixture of single and double scattering events at L-
and P-band. This causes a systematical growing of phase
difference with increasing wavelength.

The influence of incidence angle was an objective for
further investigations. In Figure 11 the scattering coeffi-
cient <rj[h is represented as a function of incidence angle
for the three wavelengths emphasizing the differences be-
tween coniferous and deciduous forests Nl and Ll. The
bars drawn in this figure signify the standard deviations
around mean values. For the coniferous forest there is a
clear decrease in <rj(l from 40° to 50° at each wavelength,
whereas in case of the deciduous forest this is true only at
C-band. Considering L- and P-band no variation versus
incidence angle is observed because of a certain orien-
tation isotropy of branches and twigs in this incidence
angle range. The <TJ[h dependence in C-band behaves as
that for the rough surface built up by a layer of needles
or leaves.

4. STATISTICAI, INVESTIGATIONS

According to the random nature of extended targets
statistical investigations were carried out in addition to
the more deterministic approach so far. The major ob-
jectives are: 1. the description of polarimetric feature
distributions for specific object classes, 2. the evaluation
of statistical separabilities between different species and
3. the classification of unknown image parts exploiting
the combined multiftequency polarimetric features. A
next section of this work U then concerned with the as-
sessment of the information content of the various polari-
metric features which is based on classification results.

Since the co- and cross-polarized scattering coeffi-
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cients and the copolar phase difference proved to be most
significant for characterizing the scattering behaviour of
the terrain classes already considered, they should be uti-
lized by building up a multiûequency polarimetric fea-
ture vector. This vector is established by the square
roots of the HH, HV and VV scattering amplitudes to-
gether with the difference in phase between HH and VV.
These features (or channels) aie abbreviated by H, X1 V
and A preceded by the radai band indicators C, L and
P. In case of the phase features, the periodicity interval
is centered around the true phase mean. This proce-
dure ensures good approximation to Gaussian statistics
for the various terrain classes. As an example the his-
tograms in data channels CH and CA for the coniferous
forest area Nl are presented in Figure 12, together with
the corresponding probability density functions. Based
on this feature preparation complete statistical descrip-
tion of an object class by specifying its mean vector and
its covariance matrix is enabled. Further analyses will
take advantage from the good applicability of Gaussian
statistics.

First, discrimination between different object classes
can be examined by the shape and the overlap of object
clusters in multidimensional feature space. Ellipses of
desired enclosure probability follow from theory. As an
example the clusters of the urban and grass areas Al
and Wl are shown in the two-dimensional projections of
feature space in Figure 13 together with its 90% inclusion
ellipses. The correlation between the copolar channels
CH and CV is much higher than between CH and the
phase channel CA. In case of channels CH and CA the
two classes are basically separated by their difference in
phase means. Therefore, only a smaller part of the Wl
ellipse is included in the Al ellipse.

Suitable processing of the single features and over-
all vector representation expressed by mean vectors and
covariance matrices now permits a classification of ter-
rain classes by the maximum-likelihood method. This
method creates a probability pattern according to the
feature composition due to the object clusters of inter-
est. Then each point of the multichannel radar image is
attributed to that object class for which the maximum of
this pattern is obtained. As an example Figure 14 shows
the classification output for coniferous forests exploiting
all 12 feature channels. Pixels classified as coniferous
type are marked black therein. It is noticed that the
areas Nl and N2 used to define the properties of conif-
erous forests are correctly assigned, while little confusion
occurs for deciduous type forests.

5. INFORMATION EXTRACTION
The discrimination ability of each component of the

feature vector can be analyzed with respect to specific
terrain classes. This opens the way to an assessment of
the information content of polarimetric features at each
of the three wavelengths. As a further advantage of the
provided description by Gaussians statistics it is possible
to compute single feature or subset feature separabilities
by theory in good accordance with results of test classi-
fication runs (Réf. 4).

To give a specific example of interest, deciduous for-
est Ll is selected and its separablities to all other classes
are taken into account as average. For this situation
the mean separabilities of single features are shown as
a box chart in Figure 15. A 50 % value of separation
T means that two objects are essentially undistinguish-
able. Two major conclusions can be drawn from the fig-

ure. First, the separability increases from features in C-
band to those in P-band. Thus it follows that a P-band
SAR would be most useful for forest classification pur-
poses. Second, the copolar phase channels are inferior to
the amplitude related ones for all wavelengths. Compar-
ing C-band features the cross-channel CX yields slightly
more separation than CH or CV. In L- and P-band there
is a clear advantage of the horizontal channels. However,
it must be emphasized that this ranking depends on the
separation problem given.

An example for a possible reversal of feature priorities
is given in Figure 16 referring to the H-channels. In case
of grass land versus deciduous forest discrimination the
separability of PH is much higher than that of CH. For
separation of deciduous forests from cities it turns out
that L- and C-band are of much more importance than
P-band. In this figure the wavelength variation is also
indicated. A regular slight decrease in the grass versus
forest separation ability with increasing incidence angle
is observed for all wavelengths. Differentiating forests
and urban areas this behaviour is found only at C-band.
These results reveal that any subset of the introduced
features should be selected by user relevant separation
objectives.

In order to take optimal use of multiûequency polari-
metric SAR a special transformation has been established
to concentrate the information content (Réf. 5). New fea-
tures with priority order of their separation capability are
generated from all the previous features. The resulting
scheme of Figure 17 refers to the same separation prob-
lem of deciduous forest as concerned in Figure 15. It
shows that the first and the second features are dominat-
ing all other new features as well as each previous feature.
The inherent feature ranking of our procedure allows a
reduction of channels by elimination of the less priority
ones. Thus, data storage requirements and computing
time consumptions for classification are reduced signifi-
cantly. An attempt of forest classification utilizing only
this first priority feature confirmed the efficiency of this
procedure.

Summarizing the various topics of remote sensing ap-
plications and the analysis results discussed in this work
the superiority of polarimetric SAR sensors with multi-
freqency capability against conventional SAR systems is
demonstrated.
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Figure 6: Total power image with test areas, C-band.

t

Figure 14: Classification picture of coniferous forests.
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Figuie 8: Polarization synthesized images foi a) min-
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-40
Wl W2 B1 B2 S1 S2 N1 N2 Ll L2 AI A2

Figure 9: Scattering coefficient a%h vs. wavelength

200

-200

Wl W2 81 B2 S1 S2 N1 N2 Ll L2 A1 A2

Figure 10: Copolar phase difference ct vs. tvave/ength

m
TJ

b
O

-5

-10

-15

-20
-?fï

L ' p i T j ' J

I b I | ! \
• il T •;

I !

a)
20 30 40 50

6/deg.
60 70

-4
-6

CD -8
TJ
<> -10
b -12

-14
-16

b)
20 30 40 50

6/deg.
60 70

Figure 11: Scattering coefficient a^h vs. wavelength
and incidence angle 6:
a.) coniferous forest Nl,
b) deciduous forest Ll.

2.5

2.0

1.5

1.0

0.5
0.0

1.0 1.5 2.0 2.5
Channel CH

0.60
0.50
0.40

a 0.30

0.20
0.10
0.00

.0

- 4 - 2 0 2 4
Channel CA

Figure 12: Histogramms and Gaussian probability
distribution for coniferous forest Nl:
a) channel CH, b) channel CA.

v I-



417

7
6

d 5
"S 4

I 3

o 2

4

2

" O
a> „

O
-4

-6
-8

4 6 8
Channel CH

4 6 8
Channel CH

Figure 13: Cluster discrimination Al-Wl:
a) CV vs. CH, b) CA vs. CH.

10 12

10 12

100

80

60
20 30

100

95

90

85

80
20

b)

D P
A L

40 50
0/deg.

60 70

n

A L
x c
D p

40 50
e/deg.

Figure 16: Separation by H-channcJs:
a) grass land v;. deciduous forest,
b) deciduos forest vs. urban area.

60 70

100

90

K

60

50 i
CH CX CV CA LH LX LV LA PH PX PV PA

Figure 15: Single feature separabilities (dead, forest
Ll vs. all other classes).

50

Figure 17: Single feature separabilities (decid. forest
Ll vs. all other classes) for optimised features.





419

THE SCOPE OF DLR's SAR CALIBRATION PROGRAM

H. Kietzmann
ILR, Institut fui Hochfiequenztechnik

Oberpfaflfenhofen

\

ABSTRACT

Presently, DLR's Institute foi Radio Frequency Tech-
nology is engaged in preprdmg SAR calibration experi-
ments concerning the SAR space- borne remote-sensing
missions X-SAR/SIR-C, ERS-I, JERS-I and PRIRODA.
These SAR missions will deliver a large number of dif-
ferent SAR image products which are of special interest
for various kinds of scientific disciplines. For an optimum
use of these products, the best possible calibration is nec-
essary. Therefore, our institute is performing a series of
calibration experiments which have been approved by the
mission relevant review boards (Réf. 1). To perform such
a calibration, the main error sources and their error con-
tributions of essential system parts like sensor, antenna
and external calibration references will be investigated
seperately. For obtaining the experiment objectives, a
large number of high precision trihedral and dihedral cor-
ner reflectors and especially designed calibration receivers
and active radar calibrators are available.

Keywords: Space-borne SAR calibration experiments,
ground facilities, absolute and polarimetric calibration,
cross-track and cross-sensor calibration.

!.OBJECTIVES OP SAR CALIBRATION
SAR signatures of various object classes within scenes

of interest are represented by different backscattering con-
tributions which contain information about type and na-
ture of the illuminated target areas. In order to carry
out successfully a quantitative analysis of these signa-
tures they should be a" . !able in the purest possible and
scaled form. Therefore, the overall SAR system has to be
calibrated- To realize such a calibration we chose a pro-
cedure vVich takes into , :count essential system parts
with respect to their error sources and error contribu-
tions. The error analysis refers to the SAR sensor, the
inflight antenna pattern and the external calibration ref-
erences including their measurement area configuration
(Refs. 2, 3). Systematic errors will be detected and cor-
rected for as far as possible. Finally, these investigations
should result in a quantitative scaling of the correspond-
ing object signatures (SAR image data) and in determin-
ing the accuracy of the total SAR system.

2. OBERPFAFFENHOFEN TEST SITE AREA
Presently, DLR's Institute for Radio Frequency Tech-

nology is preparing the Oberpfaffenhofen (OP) test site
area with respect to the SAR space- borne remote sens-
ing missions X-SAR/SIR-C (Germany, Italy, USA), ERS-
1 (ESA), JERS-I (Japan) and PRIROPA (Russia). The
main characteristics of these missions are listed in Ta-
ble 1. These space-borne SAR censors provide a world-
wide user community with adequate remote sensing data.
Such data will be gathered during short-term (X-SAR/-
SIR-C) or longer term (ERS-I, JERS-I, PRIRODA) mis-
sions from different altitudes with nearly polar (ERS-I,
JERS-I) or mid-latitude (X-SAR/SIR-C, PRIRODA) or-
bits. In total, missions offer a variety of degrees of free-
dom like variable incidence angles (15 degrees to 60 de-
grees), different frequency bands (L-.S-.C- and X-Band)

Table 1: Main characteristics of upcoming
space-home SAR missions.
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Figure 1: Schematic map of the centra/ and western
part of the Oberpfaffenhofen test site area.

and polarizations (HH, VV, HV, VH). From this point
of view, the X-SAR/SIR-C system can be considered as
the most powerful one. For each mission the OP test
site area has to be adapted to the corresponding mission
requirements. First, due to the predicted overflights, an
adequately oriented terrain swath must be selsrted. Then
we have to look for appropriate places where the various
types of ground facilities can be located avoiding major
interferences. Furthermore, all the locations are surveyed
geodetically by using global positioning system (GPS) in-
struments. Necessary time synchronization of the ground
receivers to Universal Time is performed immediately be-
fore mission by means of the GPS iuherent clock. As an
example Figure 1 shows a schematic map of the central
and western part of our test site area with the config-
uration of the ground instrumentation of the 1991 OP
test site airborne measurement campaign covering a 40
km range from Landsberg to Munich, in the case wuere
the space-borne calibration experiments are of concern,
this range must be extended to around 170 km going east
approximately to Salaburg.
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3. GROUND FACILITIES

Pre-mission air-borne measurement campaigns ap-
proved that corner reflectors (trihedral, dihedral), ground
receivers and active radar calibrators (ARCs) are suitable
tools in order to carry out comprehensive calibration in-
vestigations. Figure 2 shows a selection of our differently
sized corner reflectors. For air-borne measurement cam-
paigns, a total number of 46 reflectors is already available
covering a considerable radar cross-section (RCS) range
depending on the frequency on which the SAR sensor
is operated. Mechanical tolerances concerning surface
curvature, surface ripple and angle orthogonality were
specified and verified to keep the overall error below 0.25
dB. For the upcoming calibration experiments, especially
with respect to the JERS-I ai, J PRIRODA missions, ad-
ditionnally we will provide 6 corner reflectors with 3m leg
length. An essential key element in calibrating SAR sys-
tems is the actual SAR antenna pattern. Because of the
large antenna dimensions (up to 12m,Table 1), the overall
patterns cannot be determined before the missions due
to ground test range restrictions. Therefore, our insti-
tute introduced an approach to measure the inflight SAR
antenna patterns of the space-borne SAR missions men-
tioned in Table 1 by using a number of about 20 ground
located calibration receivers and around 6 active radar
calibrators for each of the concerned frequency bands.
These instruments are provided by the Institute of Navi-
gation from the University of Stuttgart. On one side, the
ARCs include a transponder function for simulating point
targets up to about 55 dBsqm and on the other side, these
instruments comprise also receiving units. Figures 3 and
4 illustrate such instruments. Figure 3 is also showing
the corresponding auxiliary equipment like laptop com-
puter and power supply. The laptop computer is needed
for pre-experimental initializing and post-experimental
data read out purposes. The main performance data of
such instruments are listed in Table 2. To meet different
polarization requirements, the instrumental box can be
rotated by 90 degrees in the case of the receivers and in 45
degrees steps in the case where the ARCs are involved.
During the overflight each receiver registers successive
SAR pulses and the respective time (Universal Time).
Processing of these data results in azimuth cuts of the
individual receivers. Together with the orbit data of the
platform and the precisely known receiver ground loca-
tions, the elevation antenna pattern can be reconstructed
(Réf. 4). Provided the velocity of the sensor platform is
known, this procedure also enables us to determine an-
tenna squint angles and HH/VV-misalignments (impor-
tant for polarimetric SAR systems).

Figure 3: C-band ground receiver with laptop com-
puter and power supply.

Figure 2: Selection of differently sized corner reflec-
tors (trihedral, dihedral).

Figure 4: C-band active radar calibrator.

4. SAR SYSTEM CALIBRATION
Usually, this task involves an internal and external

part. Sensor control permitting adequate instrument er-
ror correction is the so-called internal calibration whereas
external calibration stands for SAR image amplitude scal-
ing using reference targets with known RCS values. A
suitable way to carry out an internal calibration is to
combine pre-flight sub-system measurements with in-
flight instrument controls during the mission. Such a
procedure should include linearity, stability and dynamic
range monitoring of the receiving path as well as power,
amplitude and phase (actual chirp) detection of the trans-
mitting path. The determination of the overall system
noise including ADC quatization noise is needed for noise
subtraction. DLR has established such a procedure in
the case of the X-SAR system. After elimination of sys-
tematic errors like actual inflight antenna pattern, slant-
range and incidence angle dependence in the frame-work
of radiometric corrections, calibration takes place in a
reasonable way (Réf. 5). For accomplishing this task,
reference targets such as corner reflectors and ARCs are
used as described in chapter 3 resulting in the overall sys-
tem transfer function. To keep the expenditure on cali-
bration of future multi-channel and multi-sensor remote-

V V
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Table 2: Main performance data of ground receivers
and ARCs.

1

FREQUENCIES: L-BAND UT(MH BW> 12*MHZ

OBAND 5.1MkDIZ BW »25« MIIZ

X-BANU MMMHZ BW > 45« MIIZ

ANTENNA : HORN, 15 DB GAIN, BEAMWIDTII -'2 DEG.

(L-BAND 10DB.52DEG.) LIN. POLARIZATION

SENSIVITV: L-BAMI c -t» I)BM

C-BAND < -12 DBM

X-BAND < -7t DBM

DYN. RANGE : MAX. 65 DB WITH MCROPRI)CESSOR CONTR.
SWITCHED ATTENUATOR

RCS(TRANSP.) : > 55 DBM2(OPT.«5 DBM2) F .SPACEBORNE SAR

45 DBM2 FOR AIRBORNE SAR

ADJUSTABLE WITH VAR. 2« DB ATTENUATOR

TEMP. RANGE I t..7» DEO. C (OPT. DOWN TO ARCTIC TEKD?.)

MEMORY : 12S KB (OPT. 25» KB)

ACCURACY: <= 1 UB ; POWERSUPPLY I 12/2» All

sensing SAR systems (e.g. X-SAR/SIR-C) within a toler-
able extent ,we have to cross-calibrate data from different
tracks and different sensors respectively channels. The
joint E-SAR/ DC-8 SAR calibration campaigns in 1989
and 1991 at the DLR test site in OP gave us a first op-
portunity for carrying out such experiments (Réf. 6). In
order to calibrate SAR systems with full polarimetric ca-
pability an approach has been developed in our institute
using trihedral and dihedral corner reflectors (Réf. 7).
This procedure allows to determine receiver and trans-
mitter distortions (channel imbalance, cross-talk) which
then can be used to purify the SAR image data from such
imperfections. Other approaches utilizing clutter statis-
tics in combination with trihedral corner reflectors have
also been investigated in this context (Réf. 8). The SAR
image in Figure 5 shows the capability of our institute
concerning sensor development (E-SAR), SAR process-
ing and radiometric image data corrections. It represents
the central part of the OP test site area including the
DORNIER airport where a large number of differently
sized corner reflectors are to be seen. SAR image data
preprocessed in this way form the basis for analyses per-
formed by experimenters coming from different scientific
disciplines in the field of remote sensing.
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REMOTE SENSED SPECTRAL SIGNATURES CLASSIFICATION AND RECOGNITION BY NEURAL NETWORKS:
AN APPROACH TO UNSUPERVISED TECHNIQUES

L. Alberotanza1 and M. Pavanati

2 CNR-ISDGM, San Polo 1364, 30125 Venice, Italy
Centro di Calcolo, Univers!ta' degli Studi di Venezia, Italy

ABSTRACT

An adaptive resonance neural networks scheme (ART)
was used to analyze multispectral remote sensed
images on the lagoon environment and coastal
waters. It was attempted to develop a
substantially .unsupervised classifier, obtaining
an algorithm capable of independently organizing
the learning stage on the basis of the same data
under analysis. Information is requested from the
external operator to limit the number of classes
to be recognized. It is not necessary to use
models or samples of spectral signature. The
experience acquired can be transferred to
successive recognitions. The method makes use of
the separation of color information from that of
the intensity of the analyzed radiation, and
derives from radiometric corrections and
calibrations.

Keywords: Remote sensing, multispectral analysis,
neural networks, classification, pattern
recognition.

1. INTRODUCTION

The present work is within the framework of the
research project for the classification and
recognition of biological, physical and
environmental phenomena in the Venice Lagoon by
remote sensing with multispectral sensors.
The difficulties in interpreting data of shallow,
marine water areas, especially those of the
lagoon, and in the presence of varying
concentrations of suspended matter, are widely
known (Refs. 1,2). For the scope of the treatment
they can be summarized in the following points:

space/time variability of parameters
characteristic of the same phenomenon (e.g. in
relationship to the season, tide, meteorological
conditions, bottom morphology);
- low signal noise ratio of the remote sensed
water datum;
- considerable incidence of radiometric defects
and the sensor calibration, and of the effects of
atmospheric transparency variation.
The general method adopted in the research is very
flexible and requires various operative phases.

The acquisition and processing of remote sensed
data are supported and integrated by simultaneous
in situ field measurements with the passage of
satellite sensors over the investigated areas
(Réf. 3), to get the reference for a preliminary
correction of the atmospheric and/or radiometric
effects (Refs. 4. 5) and a verification after the
analyses.
Due to the aforementioned difficulties, it is
necessary that algorithms of recognition are
available and capable of correctly working when
the phenomenology is characterized by some degree
of indétermination. This is particularly important
when analyzing and comparing data acquired under
different conditions and at different times. The
technique based on neural networks seems to offer
some general advantages summarized as follows:
- the developed algorithms are generally flexible
and able to make recognitions with a great
capacity of adaptation.
- the network structures are easily re-configured
to specific situations without requiring large
alterations in the basic mechanisms. In fact it is
also possible to separate the mechanism of the
actual recognition (in an abstract space of
parameters) from that of the specific analysis of
the phenomenon (connected to its physical
characterization).
- from the preceding point the possibility follows
of operating also in contexts described by
heterogeneous parameters (remote sensed and
acquired in situ physical and chemical
data/parameters).

2. OBJECTIVES

It was proposed to develop a procedure to:
a) feel the least possible effects of errors
deriving from the defects of radiometry (due to
the calibration of sensors and atmospheric
effects);
b) have a sensibility and a capacity of
discrimination of classes sufficient for the
phenomenon under investigation;
c) allow to accumulate experience reusable for
comparisons in contexts in the different
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acquisitions;
d) use the least unsupervised techniques ;
e) have acceptable computational weight to use in
conventional medium/low level computer systems
(workstation, personal computers)
The work carried out is intended to evaluate the
real applicability of the method to the actual
case of the analysis of coastal waters. To obtain
this result it was thought opportune to develop a
procedure limited to the essential "lines" and not
optimized, but able to produce interprétable,
concrete results, possibly comparable with other
products from the more conventional techniques.
The use of an unsupervised recognition mechanism
should guarantee a certain degree of
predictability of the method.

3. DESCRIPTION OF THE BASIC ALGORITHM

A classifier based on the neural network takes
advantage of a complex of algorithms which
generally operate in two logically distinct
stages: the system assimilates the characteristics
of the phenomenon by recognizing previous test
cases and accumulating experiences (learning) and
it takes advantage of the acquired experience to
make the recognition of the data being analyzed.
The learning/recognition mechanism uses units
which operate analogously to the neural structure
of the human brain. The general theory of neural
recognizers and classifiers is widely described in
the literature (Refs. 4, 5).
The algorithm used here is partially derived from
another algorithm previously used as a supervised
recognizer (Réf. 6). It is substantially inspired
by the ART resonance model (Refs. 7, 8, 9). This
model seemed promising for its capability of self-
modulating the learning stage, balancing the
requirements of plasticity and stability of the
network. It had to be adapted to requirements of
the spectral analysis providing it with a
preprocessor, having the scope of separating the
information of intensity from that of the color of
the signal analyzed. It allowed to increase the
robustness of the algorithm subjected to the
variations of the radiometrical conditions and
times. The general procedure scheme is given in
fig. 1.

4. PREPROCESSOR

The signal provided for each pixel by the
multispectral sensor (represented as a n-upla of
radiance values in the different bands) is treated
to separate the information of relative spectral
weight (chromatic characterization, connected with
the phenomenology under study) from that of the
overall radiation intensity (more subjected to the
variability of local acquisition conditions). Only
the chromatic component is really sent to the
neural algorithm as object of recognition. The
intensity component is either totally or partially
used as modulator of the learning process.
A procedure based on computing the direction
cosines of the n-dimensional chromatic vector in
relationship to the pixel was used, which proved
to be more general and more flexible when the
number of bands involved was increased.
If (x,,...xn) , then the original n-upla relative
to the pixel of the image, the chromatic
information was extracted by

(D a,= areas

obtaining the n-upla (a, an) .
The information contained in this n-upla is
redundant (one of the parameters is dependent upon
the other n-1), but it is in any case used
integrally by the recognizing algorithm (for
reasons of implementation simplicity and the
efficiency of the calculation).
To modulate the plasticity of the learning
mechanism the parameter of total intensity I is
used

(2)

Alternatively the absolute value of the radiance
observed in the medium IR band was used in
describing the concrete cases given in sections 6
and 7.

S. NEURAL RECOGNIZER

The neural algorithm is inspired by the ART model
developed by Grossberg et al. (Refs. 8, 9). The
original model is considerably sophisticated. Its
fundamental value is to resolve the problem of
opposition between plasticity and stability in the
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learning/recognizing process (a very adaptable
network is unstable; a very stable one learns with
difficulty).
In the specific implementation of the
multispectral classifier, two orders of problems
have made some changes and simplifications
inevitable with respect to the basic ART scheme:
1) the opportunity of having an algorithm of
reduced computational weight to guarantee the
operativity for the bulk of data typical in
treating images (at least 512 x 512 pixels for
3,5,7 bands) and for hardware with medium-low
characteristics (PC or small workstations); 2) the
necessity to adapt a mechanism initially conceived
to operate in binary patterns and in a situation in
which input data are discrete values of n-upla,
subjected to fluctuations induced by experimental
conditions of acquisition and the variability of
phenomena.
For clarity, the description of the network
structure is organized in two sections
corresponding to the two activities of learning
and recognition.

6. RECOGNITION

The mechanism of recognition and the attribution
to a known class of a chromatic n-upla is based on
the scheme and structural elements given in Fig.
2.
The preprocessor supplies as input to the
recognizer n-upla / = (i\..in), vector in space of
chromatic parameters of n dimension (in the
specific case equal to the number of spectral
bands involved) discrete values on 8 bits (256
values).
1 is recorded in the short term memory (STM 1) and
re-copied in X = (x\..xn) . X in turn is
passed to the long term memory (LTM), constituted
by a series of competitive neurons, each one
corresponding to one of the L classes already

LTM

long
term
memory

( ? ^/U1

À

fia

(fi ^J]Z1

X.

fi

( #• \/Iz1

À

À,
compeuuve neurons

learned. a
The long term memory is constituted by I^ matrix
where the index a= 1...L recognizes the single
neuron and the indices i = 1...n, j=1...256 allow
to distinguish the intensity response of the
neuron to a stimulus of j values in band i.
The global response to the stimulus is computed
for each neuron by <P<x = £/£,. , obtaining upon
termination of the procedure the vector §
which is memorized in the short term memory STM 2.
By <|> the "winning" neuron is extracted, (Jl)
for wh i ch 9p = max (q> i . .(pt) .
Going back again in the opposite direction of the
long term memory, the average response to the
stimulus is computed by the winning neuron as the
mean components j, and archived as V; = </y >
in the short term memory STM 1.
At this point a comparison made among the original
value I and the mean value of response to the
stimulus V, using the similarity index function S
which in this case is chosen as

(3)

where O = (Oi-On) defines the width of the
acceptance interval for each single band.
If S results greater than the pre-established
threshold value T, the recognition is confirmed.
On the contrary, the p neuron is inhibited and
the whole process is repeatedly re-run on the
remaining classes.
The process terminates with either a recognition
or an exhaustion of known classes with no
recognition occurring. In the latter case the
learning mechansim is activated.

7. LEARNING

The network has two distinct learning mechanisms:
a) definition of a new class, following a

STM 2

short term memory
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recognition failure of an input n-upla (fast
learning) and b) change in the distinguishing
characteristics of a class in relationship to the
recognitions made within the same class (slow
learning)
Case £. When the input signal is not attributable,
according to the forementioned scheme, to one of
the classes already defined in the long term
memory, a new competitive neuron is created with
weights

uV

(4)

The neuron is impressed by each component i by a
Gaussian stimulus centered in Xt of half-width 8/.
The parameters are extremely important since
they determine the resolving power of the
algorithm in distinguishing classes, k is a
suitable parameter of the intensity impression.
The new class results suitably defined and ready
for the recognition.
Case J). Every time a recognition is made, the
following occur:

neurons which were neither winners nor
candidates subjected to inhibition remain
unaltered;
- neuron candidates, but not winners, evolve
according to the differential law

<5) I= -(

with i time evolution parameter (intended as the
order of the pixel series to be recognized) and
the decay constant T

winning neurons develop according to the
differential law

(6)

with A the excitation constant.
Briefly, the weight of a winning neuron is
strengthened, that subjected to inhibition is
weakened exponentially. Thus the preferred classes
are those in which correct recognitions occur more
frequently.
The substantial changes in the original ART model
are principally attributed to the choice of the
equations (simplified in our case) and the
adoption of the Gaussian excitation method in the
creation of.a new neuron of the long term memory.
Adjustments were also done in the feedback
mechanism which control the learning process.
The general ART scheme was sufficiently respected,
so to be able to make a reference, in the
description of the system, to behavioral models
which characterize it.
The coefficients involved in the equations which
govern the recognition and learning are many. Some
were determined once and forever since they lead
only to the internal logic of the algorithm (CT,- ,
k. A). Significant parameters which affect the
appliable results attained are:

5j defines the resolving power of the system to
distinguish among classes. In the practical
application, only one parameter was used for all
the bands.

•Sis the main instrument to control thealgorithm:
by changing it, it is possible to alter the number
of created classes and increase or decrease the
sensibility of the investigated phenomenology.
T governs the persistence of the long term memory.
In the concrete case, values were kept elevated(T >
10000) to increase the stability of learning.
T, varying between O and 1, checks the reliability
of the recognition. A value of T close to 1
implies a correspondence close to 100% between the
excitation signal and the sample of the recognized
class. A low value of T inhibits the process of
learning new classes. In implementing the
algorithm, T was modulated with the information on
intensity coming from the infrared band to
decrease the formation of classes in the image
areas corresponding to the mainland.

8. APPLICATION OF ALGORITHM

The described algorithm was applied to the
analyses of images acquired by Landsat's TM
sensor. Two contiguous areas of the Venice Lagoon
were analyzed.
- The central lagoon, lying between Venice, Lido
and the industrial zone on the mainland and the
"Canale dei Petroli". The area is characterized by
a highly diversified bottom morphology, an
abundancy of different algae types, and a water
dynamics inducing the transport of suspended
matter.
- The northern lagoon immediately adjacent to
Venice, Tessera on the mainland and the Lido Port,
including the islands of Murano, Burano and
Torcello. This area, rich in tidal and marshy
flats and characterized by plenty of diversified
classes, was used as the test area for the
learning stage of the algorithm.
Six images acquired between the years 1984-1990
were available.
Two groups of processing were carried out, the
first using bands 1, 2, 3 (visible) and the second
using bands 1, 2, 3, 4, 5 (visible and near-
infrared).
The procedure was implemented in two parts: the
first capable of terminating the learning stage of
the neural system and simultaneously making the
recognition; the second capable of only making the
recognition, using the basic knowledge made
available by the first. The accomplishment is
completely dependent upon the theoretical scheme
previously described. To reach a good agreement
between the sensibility of the method and the
legibility of the information obtained, a filter
WAS introduced between the learning section and
the recognition section to put in order the known
classes and to limit the visualization to those
statistically more important.
In both the 3-band and 5-band cases, the operative
scheme followed was to assume as the sample of
learning only one image (April 1989) and to
extrapolate the recognition from the others
without having to make atmospheric/intercalibra-
tion corrections. The operation was repeated for
different values of 8 . The results of the
classification for both the sample image and those
of recognition are given in Figs. 3, 4, 5 and 6.
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Fig. 3. April, TM 1,2, 3, 4 and 5 bands. Fig. 4. April, TM 1,2 and 3 bands.

Fig. 5. May, TM 1,2, 3, 4 and 5 bands. Fig. 6. May, TM 1,2 and 3 bands.

Fig. 7. August. TM 1,2, 3, 4 and 5 bands. Fig. 8. April. TM 1,2, 3. 4 and 5
band clustering.
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In Table 1 the values of significant parameters of
the processing are given.

Table 1

Modulation Bands
T

Case a 10 10000 0.9 0.8 1,2,3

Case b 15 10000 0.85 0.8 1,3,3.4.5

9. DISCUSSION

The series of TM images, observed in different
years, has been chosen taking into account some
common elements. As a short demonstration for this
discussion three images, resulting from the
processing of the 5 bands, have be.en taken between
spring and summer (April, May, August) and are
sufficiently explicative for the study of
macroalgae growth which particularly affects the
central basin of the Venice Lagoon. Factors which
condition the reading of the images of this marine
environment and therefore the phénoménologies
present within are: tide level and dynamics; wind
speed and direction; the species of algae present
and their respective phenological stage; water
quality; depth; and bottom morphology. The
situation in the May and August images are quite
similar in tide levels and wind data. On the
contrary their phenological stages (bloom and
pigmentation) of benthonic algae (Ulvacee) are
different: the classes resulted in being different
not only in their areal extension. In the April
image, the tide level is extremely low and
seasonal conditions favor the co-existence among
the different species (Ulva and Enteromorpha) and
the presence of other classes. It is interesting
to note the stability of the method in recognizing
fabrications, roads, the city of Venice, etc.
which are always classified in the exact same way.

10. CONCLUSIONS

The method performed well for both the 3 and 5
bands, demonstrating sufficient stability and a
good ability to discriminate the classes. It was
especially robust enough to satisfy the need of
"interoperating" among acquired images of
different conditions and times. It is apparent
that the well defined, known lagoon areas are
recognized in a stable way. The parameter
resulted in being the primary control of the
capability of the algorithm to discriminate, while
T calibrated the reliability of the result. In any
case variations in () and T do not produce
unstability in the process of recognition,
allowing to vary the number of classes generated.
It can be affirmed in this case that despite the
choice of parameters made by the operator the
method remains unsupervised. For r, the choice of
low values causes a loss of memory in the learning
procedure, which produces incoherence in the

recognizing of the classes. Above the threshold
value (left unvaried during the entire analysis)
the problem does not come up. As a comparison, an
algorithm of K-means clustering was applied to the
test case images, provided with the same
preprocessor used for the neural network. We
imposed the recognition of twenty classes. The
result, given in Fig. 81 shows a response very
similar to that of the network (the same
structures and morphologies are more or less
recognized). While the total computer time of the
neural procedure in the case of the five bands is
about 20 minutes for learning and 5 minutes for
recognition, the clustering algorithm takes over 4
hours of computation on a PC with 386 CPU and a
387 co-processor at 40 MHz clock.
The algorithm is susceptible to further
improvements especially because we want to re-
implement it to make it more in line with the
original model by Grossberg. It should be further
stabilized, eliminating the main existing
disadvantages, consisting in a tendency towards an
over-production of classes when attempting to
increase the sensibility of the recognizer.
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CORRELATION BETWEEN NDVI VALUES DERIVED FROM NOAA AVHRR
HRPT DATA AND GROUND MEASUREMENTS OF PRECIPITATION

IN THE EFEDA STUDY AREA (SPAIN)

}. Moreno, E. Lopez-Baeza,}. Melia, D. Segarra and J. Tamayot

Remote Sensing Unit - Faculty of Physics, 461(X) Burjassot (Valencia), Spain
f National Institute of Meteorology, Center of Valencia (Spain)

ABSTRACT

This work has been carried out within the context of the EFEDA
experiment, a European contribution to the International
Geosphere-Biosphere Programme (IGBP). The study area is
located in the Spanish region of Castilla-La Mancha, and the
main field campaign took place in June 1991. Our study is
intended to characterize the conditions under which the field
experiment was carried out, within the framework of a
retrospective climatological study. The analysis of the correlation
between NDVI and precipitation has been addresed in two
different ways: a point to point approach between the
precipitation value of each station and the averaged value of
NDVI (derived from AVHRR data) over an area of 25 km2

around the location of the station; and an image to image
correlation approach between the NDVI map derived from
AVHRR data an a précipitation map derived from the network of
meteorological stations. The NDVI-precipitation correlation
shows a significant dependence on the spatial scale. Only at
coarse scales it is possible Io understand such correlation,
because of the complexity of the hydrological structure of the
KFEDA study area.

Keywords: AVHRR NDVI, NDVI-precipitation correlation,
regional climatology, multitemporal analysis

1. INTRODUCTION

Many NDVI - Rainfall correlation studies have been carried out in
semi-arid areas where vegetation growth is triggered by the first
rains and the growing cycle is mainly dependent on water
availability (Réf. 1 ) which is, in fact, a major factor affecting the
distribution of the biomass and biological productivity. The
rainfall characteristics in arid and semi-arid areas have high spatial
and temporal variations. Semi-arid regions typically receive
precipitation a few month.-- of the year but lack of adequate rainfall
for many months is also typical of semi-arid rainfall regimes. On
top of that, inter-annual variability of precipitation is typically
large. The seasonal distribution and total quantity of precipitation
is important in determining the adaption of vegetation (of a crop)
to a given area.

The vegetation index derived from multispectral satellite
observations provides a measure of the biological activity of the
vegetation. It is related to the vigour and greenness of the
vegetation and when vegetation is stressed by shortage of water,
and also at the end of the growth period, the chlorophyll
absorption weakens and the vegetation index decreases. This
index is therefore a measure for the physiological activity of the
plants.

Previous comparisons between precipitation and vegetation index
have already been shown (Réf. 10). mainly for tropical areas,
where primary production is generally closely related to rainfall.

and providing good insight on the impact of rainfall on the
environmental regime. It is interesting now to investigate this
relationship for the study area of the ECHIVAL Field Experiment
on a Desertification-threatened Area (EFEDA) in (he region of
Castilla- La Mancha (Spain), where precipitation is distributed
along the year and not only concentrated in a few months in a wet
season. The regional climate is one of cool wet winters and hot
dry summers, with plant growth concentrated in spring and early
autumn. Influence of irrigation should also be important because
exploitation of groundwater resources has increased greatly for
intensive, irrigated agriculture.

2. A RETROSPECTIVE CLIMATOLOGICAL STUDY OF
CASTILLA-LA MANCHA

Climate data are often more useful when they are compared with
standard or normal values. The expérimentai results which are
presently being obtained from EFEDA have to be embedded in
climatological and meteorological background data for the Iberian
peninsula in order to find out to what degree the experimental
phase covers average or extraordinary climatological conditions
(Réf. 2).

The total study area covers more than KH km' between 2"! I 1 -
3'-'l I ' W and 38'-'5S' - 4()-'O.V N (Figure I a I . It is surrounded by
the cities of Aranjuez in the north-west, Cuencu in the north-east,
Albacete in the south-east and Manzanares in the south-west. The
area is relatively flat being the lowest point about 630 in. Most of
it is below 900 m hut small pans in the south and in the north-east
exceed 1100 m. It is therefore a region mainly characterized hy its
flatness and large uniform agricultural land-use units, thus
minimizing the complication introduced hy topographic structures
and highly variable roughness which in this case ilo not apply
very much.

The mean annual rainfall is little more than 400 mm in much of the
study area, making La Mancha one of the driest regions in
Europe. Precipitation is seasonal wi th a minimum in summer
(June - August) and high year-to-year variability. Cloudless
conditions prevail for much of the summer lending to high
temperatures. As a consequence, periods of highest temperatures
and lowest rainfall generally coincide.

We have carried out a retrospective study of rainfall in the EFEDA
area in order to be able to characterize the last years 111>K7-1 <W 1 )
from precipitation data recorded at about 40 meteorological
stations from the National Institute of Meteorology (Spain),
scattered over the whole area (Figure I b ) . This characterization
aims to determining whether different zones wi th in the area are
VERY DRY, DRY. NORMAL, HUMID or VERY lit MID as
compared to a statistical behaviour derived from climatological
data. Once this character has been established and for a specific
period of time, we may carry out correlations between
precipitation data and NDVl values obtained from AVHRR data

I-
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Figure 1.
(a) EFEDA study area. The shaded areas correspond to the three pilot areas of the field experiment
(b) Location of the meteorological stations (precipitation data) considered in this study

for the last five years, and with a special interest on 1991. An
account of this study will be given elsewhere.

Pluviométrie characterization has been performed in the following
way: We have obtained rainfall data from the meteorological
stations mentioned above and extending for a period of 30 years
between 1958 and 1987. The reason for selecting this time
interval is that during this period there is a larger number of
stations with sufficient data to carry out this study and also
because it is closer to the years analysed. The data corresponds to
monthly totals of rainfall recorded at each station. Missing data at
some stations has been completed by a minimum square fit using
the remaining data from the corresponding month together with
data from the same month recorded at (he nearest station which
presented the best correlation coefficient. A homogeneity test
reccomended by W.M.O. (Réf. 8) was performed on all these
totals and it was checked that all of them presented homogeneous
data for the periods studied. From these monthly totals we can
also obtain seasonal, two-month and yearly totals so that the
pluviométrie characterization can be carried out for different time
periods.

The resulting data sets for each station were then adjusted to
incomplete gamma functions (Réf. 15). tabulated by Pearson
(Réf. 13) and simplified and adapted to climatology by Casals
(Réf. 3). Null values from the data set, which are quite common
for Spain, mainly for monthly rainfall data, are treated with a
mixed gamma function (Réf. 15).

From the distribution functions and for each period of time we
have now determined quint i l is values in order to characterize the
precipitation range according to the criterion from the Spanish
National Institute of Meteorology and described by Almurza ( Réf.
1):

Quintilis (Range) Interval

> 80%
60-80%
40-60%
20-40%
< 20%

Classification

Very humid
Humid
Normal
Dry
Verv drv

3. RAINFALL CHARACTER OF THE YEAR 1991

In this work we have analysed especially the character of the
precipitations of 1991 for the period between December, 1990 to
June, 1991 by comparing rainfall data registered at each station
with the retrospective standards and, according to the quintilis
classification of above, we have obtained the following results:

- Winter has been very dry practically in the whole of the EFEDA
area except for some small areas in the N and the E and in the SE
corner which presented just a dry character.

- December shows a very dry character, except for the NE third
and the extreme SE where it presents just a dry character.

- January has been dry in the SE quarter and in part of the NE,
and very dry in the rest, except for some small dry areas in the
center and in the extreme NW and a zone in the extreme SE which
had a character between normal and humid.

- February presents a humid character in practically the whole of
the half E of the area together with an area in the NW quarter. In
part of the central area of the zone, the rains have presented a dry
character, whereas in the rest of the area they have been of a
normal character.

- Spring as a whole resulted between dry and very dry in the
Western half of the area, whereas in the Eastern part, the first
third was dry, the central third was normal and the Eastern third
was humid with some small areas very humid. As a sample.
Figure 2 shows the rainfall and the character maps for this season.

- The month of March individually hits been between normal and
humid in the W and central thirds, whereas the E third was very
humid.

- April was between dry and very dry in the SW half, whereas the
NE half presented a normal character in the first third, humid in
the second and very humid in the NE side.

- The month of May has been very dry practically in the whole of
the area, except for the NE and SE extremes which presented a
dry character with areas of a normal one.

In order to check the goodness of the fit we have applied the X'
test (Réf. 4) to the distribution function resulting in a good data
adjustment.

- The month of June was mainly very dry with dry areas in the
center of the area, normal ones towards the SE and a very humid
area in the SW, possibly due to a storm.
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Figure 2.
(a) Spring rainfall map
(b) Rainfall character for spring (V.D.: Very Dry, D.: Dry, N.: Normal, H.: Humid, and V.H.: Very Humid)

\

\W
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As a summary we might say that winter rains have been quite
below normal, especially the months of December and January.
February has been a month of rains mostly normal or somewhat
above normal. The spring months have presented rains quite
above normal in the East and below normal in the West, this
difference being more relevant in the month of April. March rains
have been in general above normal, especially in the Eastern half.

4. NDVI VERSUS RAINFALL CORRELATIONS

The high-frequency temporal coverage at a low spatial resolution
with a high radiometric resolution in the red and near-infrared
parts of the electromagnetic spectrum makes the AVHRR sensor
particularly suited for regional monitoring of vegetation (Réf. 9).

The correlation study between NDVI and precipitation has been
approached in two different but complementary ways: on the one
hand, we have carried out a point to point correlation between
each station precipitation value and the averaged value of NDVI,
as derived from AVHRR data, over an area of 25 km2 around the
station site. On the other hand, an image to image correlation has
been performed between the NDVI map, also derived from
AVHRR data, and a precipitation map generated from the
meteorological stations network.

4.1 NDVl Map Generation

In multitemporal studies, the generation of NDVI maps on a per-
pixel basis, from successive time series of AVHRR data, should
be approached by using the maximum-value-compositing
technique (Réf. 6), once the georeferencing of the images has
been performed. This method effectively minimizes undesirable
effects of off-nadir viewing, atmospheric variation and cloud
contamination within the representation of the actual ground
conditions. For the month of June 1991, when the EFEDA
intensive field campaign took place in Castilla - La Mancha, we
could only use data from the days 22, 23 and 24 to generate the
NDVI map corresponding to this month (Figure 3). Atmospheric
conditions and data availability restricted the satellite information
to only these 3 days. The observation geometry was optimum, in
fact, close to nadir-viewing on the 23rd which besides is one of
EFEDA Golden Days, but the presence of locally scattered clouds
in the area makes it necessary to carry out a multitemporal
composition as well as atmospheric correction of the images in
order to generate the NDVI map.

The geometric correction algorithm that we currently use was
developed in the context of integration of A VHRR data with high
resolution data and is specially accurate to produce subpixel
registration in an operational way (Réf. 12). The method is based
on an orbital model for the NOAA satellite which uses the TBUS
message to get the orbital element at the time of the image
acquisition. Orbital elements are initially extrapolated from TBUS
data to the time of the image, and then readjusted (using ground
control points) through a stepwise procedure based on different
ways of determining the satellite-Earth's center distance for each
ground control point. After determining the orbital trajectory,
residual errors are modeled as attitude angle deviations which vary
with time as a second-degree polynomial. Subpixel accuracy is
achieved by means of attitude corrections. The algorithm runs on
a IBM 3090 computing system which allows quick processing
without introducing restrictive approximations.

In the calculation of NDVI values, deep space counts and
published inflight calibration coefficients (Réf. 7) are used to
generate radiance values from digital counts, which are convened
into reflectance data by assuming Lambertian behaviour. The 5S
radiative transfer code was used for atmospheric correction of
each channel, assuming a standard atmosphere model and typical
values for atmospheric parameters, according to the climatology
of the area (Réf. 14).

Although in the routine processing of AVHRR data we resample
the image to a pixel size of 1 km, the accuracy of the geometric
correction and the use of special interpolation methods allow
multitemporal analysis with typical pixel sizes of less than 500
meters in the resampling of AVHRR data. In order to be able to
consider the multitemporal composi'.ion in our study area in more
detail, we have resampled the original AVHRR data to a pixel size
of 160 meters, because in this way we can produce output printed
products at a scale 1:800.000 (in UTM proyection). At this scale
it is possible to distinguish river basins, the structure of vegetation
levels, etc. With this algorithm, geometric correction can be as
accurate as necessary in order to get optimum registration, but the
presence of small scattered clouds can make the multitemporal
analysis cumbersome. In our case, we think that this difficulty
was offset by the maximum-value composite technique without
needing to apply cloud-masking algorithms.

The rainfall spatial distribution is not known in the same detail,
and the correlation between NDVI and precipitations would only
have meaning at a scale of kilometers. This is why, after a
detailed spatial composition of the three dales, in order to recover



432

\

l-mure .v MaMIi)UiU NDVI value composite corresponding Io
June I ' W I (22. 2.1. 24JiItIt-)

Figure 4. Spatial degradation of Fig. 3 Io a spatial resolution

of 20 km. hv means of a Gaussian filler

the true vegetation le\eK w i t h o u t radiomctnc disturbances due 10
-MI. i l l sc.ntered contaminating clouds, we then degraded the NI )VI
ni.ip hv app ly ing ,1 Gaussian f i l te r w i t h ,1 t vp ica ï si-ale f i l te r of 5
km using I-ourier 's t ransform leehnic|ues (F igure 4). The
resul t ing spatiallv degraded NDVl map lias also been eompared
« n h the precipitation map and we have seen tha t i t represents
vegetation levels much more than the original NI)VI map does duo
to the intluenee of small elouils in the averaged v allies derived for
e.ich single image before ihe generation of the max imum-va lue
composition.

\Ve planned to extend the mullilempor.il ana lys i s to the months
prev unis Io the experiment, irv hij! to ib'low the phenologieal cvele
ol the vegetation from its s t a r t i ng point around March. But the
a v a i l a b i l i t y of data imposed again important restrictions. There
«ere only a few images a v a i l a b l e for t h i s month from those
received at the Maspalomas station in Canary Islands, and only
one c!ay the data was in good conditions, that is. without clouds,
corresponding to March. 1 1 . From the month of May we could
also gel the imaiies corresponding to two consecutive days nami'ly
2d th and 27ih. These d i l t i c u l t i e s are v e r y impor tan t in
nwWwvnpor.il suulivs, because sometime;, one can ivrt use lite
optimum dates for monitoring N D V I evolut ion. However, we
were lucky because probably these two days in Maj corresponded
to the highest vegetation levels allowing us to calculate the
integrated NDVI from March to the end of June. This also
nermited to carry out the correlation between integrated NDVl and
cumulalive rainfall .

We were able to produce the NDVI map corresponding lo June.
12. which is also another EF-T-DA Golden Day. hut finally it was
decided not to include it in the study because there were clouds in
most of the area. However, we could checke that the vegetation
levels for this day were intermediate between those of May and
the end of June showing a sharp contrast from the end of May to
the beginning of June probably due to an earlj harvest of win te r
cereals.

4 2 Generation of the Rainfa l l Man

Rainfal l data have been processed in two different ways in order
to obtain a precipitation map which could be compared to the
NDVT map. Input data have always been pluviométrie values for
the period under study and geographical coordinates ( l a t i tude and
longi tude) for each stat ion. First these coordinates were
transformed into I1TM coordinates. From these va lues we
generate an image of pixel size of I \ I km- w h i c h contains
inside the actual study area, thus avoiding bordering effects. This
resulting image, at a scale 1:SOOOOO (ITM proyectioni. overlaps
the NDVI map of the /one.

The two different in terpola t ion techniques w h i c h we have
considered for the production of the rainfal l map can briefly he
described in the following way: The first procedure consists of
looking for relative maxima and maximum-slope lines among the
precipitation values of each station, using minimum distance
between points as a sorting parameter. The contour line is
generated by joining the bordering stations and intermediate
values between two stations on a l ine are obtained by linear
interpolation, assigning different weights to each line connecting a
pair of points, depending on the correlation between the stations,
according to the retrospective climatological study. The points of
the different lines act as a skeleton for the generation of the image
by interpolation between columns and rows. The image tluis
obtained is now filtered by means of a digital f i l ter of low uniform
kernel pass and radius between 1 and 5 pixels.

The other procedure is the classical method of linear averaging of
values, assigning weights to each station va lue . In this case now.
the weights are given as functions of the distance between the
interpolation point and each of the stations in the network.

Although the main features are equivalent in all the maps obtained,
differences do exist when looking to details. New interpolation
methods will be developed when a digilal elevation model for the
whole area becomes available. We have observed that topography
greatly influences the amount and distribution of rainfall. It is
common for certain valley areas to receive much more amounts of
rainfall whi le a few kilometers away these amounts are much
smaller.With all these three methods fiv bi l inear interpolation we
generate now a 1024 x 1024 pixel image of 16 bits which is to be
correlated with the NDVI image obtained from AVIIRR data.

5. DISCUSSION

Figure 5 shows the point to point correlations performed between
NDVI and precipitation for three different periods namely Winter.
Spring and Winter + Spring, r-correlation coefficients are also
given for each case. Each meteorological station has been located
on the NDVI image where the corresponding NDVI value is
calculated by means of a cubic-convolution interpolation. In this
way we get a square grid of 11 x 11 points around each station
covering a surface area of 5 x 5 km- From this we gel the mean
NDVI value and its standard deviation which is now comparable
to the representativity of the pluviométrie measurement.

Figure 6 shows now the image to image correlation between

L- I
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Figure 5. Point to point correlations of June NDVI values
around each meteorological versus:
(a) Winter rainfall, r2 = 0.605; (b) Spring rainfall, r2 = 0.364;
(c) Winter + Spring rainfall, r2 = 0.576
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Figure 6. Image to image correlations:
(a) June NDVI (original values) versus Winter rainfall,
r2= 0.056
(b) June NDVI (after spatial degradation) versus Winter rainfall,
r2= 0.133

integrated NDVI and cumulative rainfall. The correlation in this
case might be showing just a background relationship between the
two images. Besides, there are some scattered peaks on the graph
which could correspond to irrigation areas difficult to be
interpreted now. In fact, as a preliminary result of the
improvement of this work, we have eliminated some stations
which we are certain that correspond to irrigation areas or to local
small rain forests and the correlation improves notably showing a
correlation coefficient for a linear relationship of r2 = 0.566 and of
r2 = 0.623 for a logarithmic relationship.

On top of all this, we should bare in mind that 1991 as a whole
resulted in a year with rainfall values below normal for most of
the region under study and vegetation levels are normally low in
most of the area. Cumulative rainfall just by itself is not a good
indicator of the amount of the grown vegetation during the same
period. NDVl gives a measure of actual vegetation but cumulative
rainfall may only give an estimate of potential production. There
should be several other factors, mainly temperature and those
related to the hydrological balance of the area, which together with
rainfall should improve these correlations.

A further improvement of this work which is also under way,
refers to a similar analysis for the years between 1987 and 1990
where we can study how extrem,. values of rainfall affect
vegetation. In this line of thought, we are analysing for instance
how 1987 rainfall (very dry year in the context of the retrospective
study) or 1989 rainfall (humid or very humid year) afl'ects June
NDVI for that year.

Given the observed dependence of NDVI - Rainfall correlation on
the spatial scale, we finally should say that scaling effects should
also be taken into account in this kind of studies.
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bration of future multi-channel and multi-sensor remote-
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ABSTRACT

Techniques currently under discussion for verifying compliance with an international climate convention
and its protocols include space-based remote sensing systems. This paper indicates present and potential
verification sectors for such systems together with the likely technical demands of the verification
system user.

Space-based remote sensors currently offer the prospect of being used to monitor changes in vegetation on
the Earth's surface and could thus be used as tools to verify compliance with a forest protocol and
possible land-use or agriculture agreements. After discussing the capabilities and limitations of
currently available remote sensing techniques in this type of application, we explore some of the
technical requirements of remote sensors in other areas likely to need verifying under a climate
convention.

1. INTRODUCTION

Negotiations are proceeding apace on an international treaty to minimise possible
changes to the climate of the world by limiting man-made emissions of greenhouse
gases. The United Nations sponsored Intergovernmental Negotiating Committee
(INC) is trying to draft a 'Framework Convention on Climate Change' in time for
the forthcoming UN Conference on Environment and Development (UNCED) in
Rio de Janeiro in June, and the final Preparatory Committee meeting for the
Conference ended last week. However, although it appears that a Greenhouse Gas
Convention of some sort will be agreed in Rio, and that its Protocols will probably
oblige nations to limit their greenhouse gas emissions, there has been
comparatively little discussion of how to verify compliance with such a
Convention.

Study of previous international agreements on both environmental matters and
arms control shows that the inclusion of verification processes in such treaties can
be vital to their success (réf. 1). Building practical methods of verifying compliance
into any agreement to limit greenhouse gas emissions will not only prevent
cheating but will also build confidence in a Greenhouse Gas Convention and
increase acceptance of it. However, there are a number of potential problems
associated with trying to set up an effective verification regime. This paper considers
some of these problems and discusses how satellite borne remote sensing might
help to solve them.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich, Germany. 30 March-4 April 1992
(ESA SP-341. July 1992>
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At this late stage in the INC debates the chances of an effective verification regime
being included in the Framework Convention are slim, but the agreement will be
sufficiently flexible to allow provisions for verification to be built in at a later date.
The aim of this document is to show why and how this might be done.

The four main greenhouse gases which are likely to be the subject of a Convention
are listed below, together with their likely contribution to global warming over the
next 100 years (based on 1990 estimates: réf. 2 ).

carbon dioxide (CO2) 61%
methane (CHi) 15%
chlorofluorocarbons (CFCs) 11.5%
nitrous oxide (NzO) 4%

It is assumed here that all of these gases will be the subject of a Convention. In
practice, it is possible that emissions of only two or three will be controlled. This
would not affect the validity of the concepts outlined in this document.

Another assumption made here is that any convention will include 'national
declarations' concerning emission limitations with which individual national
governments intend to comply. These might vary from country to country. In our
view, this sort of 'pledge and review' process is the most likely outcome of present
negotiations but, again, the basic ideas put forward would be equally valid were
another form of agreement concluded.

It is important to stress that because this text deals with the requirement of remote
sensing systems in verification it necessarily concentrates on the assessment of
emissions on a national basis. Considerable amounts of data which could be used in
the measurement of emissions, particularly due to forest burning, have been built
up by remote sensing on global and regional bases (for example, by FAO, IUCN, ESA,
NASA and, indeed, the International Space Year project on rate of deforestation).
These data will be valuable in establishing baseline data for a verification regime
but, to be effective, verification will have to be performed at a national level.

The paper begins with a discussion of what verification entails in the context of a
Greenhouse Gas Convention. There then follows a discussion of what parameters
need to be measured in order to allow verification and how well suited remote
sensing is to this task. Finally, conclusions are drawn as to the role of space based
remote sensing in verifying a Convention on greenhouse gases.

\- t
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2. VERIFICATION

2.1 What is verification?

Verification can be defined as 'a process which establishes whether States parties are
complying with their obligations under an agreement' (réf. 3.). This definition was
originally drawn up by the UN for arms control treaties but can be applied equally
well to other types of international agreement. It is important because it makes clear
what a verification regime for a Climate Change Convention should include and,
possibly more importantly, what it need not include. The scope and some of the
limitations on a verification regime for a Greenhouse Gas Convention are outlined
below.

The first point to note from the definition is that verification has to be performed at
a state, or national, level. National governments commit themselves under
international agreements and it is their compliance with their commitments that
must be verified. Because climate change is a global problem it is sometimes
assumed that verification and monitoring need to be performed on a global scale.
Although highly desirable, a global verification regime is not essential. What is
essential is a means of assessing emissions, at a national level, from each signatory
country to a Convention or its Protocols.

The second main point following from the definition is that only obligations
entered into by national governments can be open to verification. Under a
Greenhouse Gas Convention the role of a verification regime will be to ensure that
governments are limiting emissions to the extent which they promised in some
form of national declaration. Gases not specified by the treaty will not be checked,
even if they add to the greenhouse effect. Also, emissions from countries who do
not sign the agreement will not be checked - this would be regarded as espionage.
Verification is not the same as policing - it can only be done by prior agreement.

The final point arising from the définition is that a Greenhouse Gas Convention or
its Protocols will almost certainly need to specify verification techniques and
procedures, although these may be modified by subsequent agreements. Experience
of arms control agreements shows that governments are not normally willing to be
subjected to an ill-defined and mutable verification process, whatever their
theoretical advantages. It is therefore important to that a practical and effective
regime is discussed and written into the treaty at an early stage. Delay in doing so
may result in an ill thought out and ineffective system of verification.

The factors outlined above pose several potential problems in drafting suitable
verification processes for inclusion in a Greenhouse Gas Convention. One arises
from the need for national obligations to be quantified and agreed by all parties to
the Convention - not only in terms of the magnitude of emission reductions and
the timescales over which the limits on them are introduced, but also in terms of
how to measure and verify compliance with the limitations. Some countries simply
do not have the technical or financial resources either to estimate their emissions or
to verify that they are limiting them. They will thus require technical or financial
assistance, or both.
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; Another potential problem is that not all countries will sign the Convention, in
which case their emissions will probably not be assessed at all. Strictly speaking, this

>, does not matter for the purposes of verification but it will complicate any
negotiations towards a 'comprehensive approach', where all emission sources and
sinks would be assessed. It is worth noting here that satellites may have a potentially
valuable role in influencing non-members of the Convention. Countries which

— were not parties to the Agreement would know that satellites used for monitoring
i member states could also monitor them. Although no action could be taken against ]
1 them for non-compliance, non-members would tend to, at least, ensure that they

did not significantly violate the Convention for fear of international condemnation.

Neither of the two possible problems outlined are insuperable and it is encouraging
to note that the INC is considering problems of national imbalances, both in terms
of emissions levels and resources. These types of problems do, however, serve to \
show that if verification is to be included in a Greenhouse Gas Convention then its
inclusion is likely to critically affect the form of the agreement. The Convention '
should contain precise and unambiguous commitments - vague declarations of
intent will not suffice. It should not contain commitments which cannot be
quantified and checked. In short, it will be more difficult to agree on a Convention
which does include provision for verification than to agree on one which does not,
which begs the question, 'why is verification necessary?'

*'" • f

2.2 Why is verification necessary?

The original reason for building verification into international treaties was that
nations tended not to trust each other and needed to assure themselves that each
was keeping to its promises. Preventing cheating is still the main reason for

u \ including verification provisions in a treaty. If nations know that any failure to
^J comply with their obligations will be discovered then they tend not to cheat -

^ particularly if they know that any transgressions will be publicised. (Because
verification does not involve 'policing' it can only persuade nations to comply by

*v x embarrassment, peer pressure or, indirectly, threat of sanctions. Dissemination of
the findings of any verification regime is thus important to its success.)

Another reason for including provisions for verification in international
agreements is that they tend to build confidence in them, and increase their
acceptance. An effective verification regime will clearly show that the parties to an
treaty are keeping to their word. Likewise, any failure to meet obligations are
obvious. Governments thus tend to comply with treaties which can be verified. This
builds confidence in them and encourages uncommitted nations to join the

; agreements. Again, publicity or 'transparency1 is important; verification must not * -~
only be effective, it must be seen to be effective. The failure of poorer nations to
comply with their obligations under a Greenhouse Gas Convention may be
accidental or due to lack of financial or technical means. In such instances support
might be offered by more prosperous nations, either to overcome a particular
problem or to draw up a suitable national declaration. 1

Verification can play a crucial role in drawing up a convention or its protocols. If it
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can be shown that there are means of checking compliance with an agreement then
national governments are typically much more keen to join than would otherwise
be the case. Inability to verify compliance has been the cause of many treaties failing
in the early stages of negotiation. It is therefore important to clearly demonstrate
that verification of a Greenhouse Gas Convention is possible and significant
progress on this topic has already been made (réf. 4).

Study of previous treaties on environmental matters (réf. 1) shows that many have
failed to achieve their aims. In large part, this lack of success may be ascribed to their
not containing adequate provisions for vérification. The Framework Convention
on Climate Change will be crucial to the future of mankind and it is vital that it
succeeds. Providing for verification in the Convention or its Protocols will increase
its chances of success.

2.3 Verification of a Greenhouse Gas Convention

The extent to which a Greenhouse Gas Convention can be verified depends on
several political and technical factors. Assuming that verification is perceived as
necessary, the most important political considerations are probably who administers
the regime how stringent it should be. Rigorous checking of all emissions by an
international monitoring team may well be considered too intrusive by most
nations. It would also be technically difficult and very expensive. On the other hand,
too lenient a regime administered only by national governments would be
ineffective.

Exactly how stringent to make a verification regime is largely a matter of political
commitment and can only be finally decided by the government negotiators at the
INC and UNCED. However, the extent to which a regime can be effective and the
means to make it so are technical questions and are therefore addressed here. We
can try to specify how stringent a regime can be, and needs to be, in order to be
effective. It is then up to the politicians to select what they require.

The main gases which may need measuring under a Greenhouse Gas Convention
are carbon dioxide, methane, CFCs and nitrous oxide. CFCs should be controlled and
measured with respect to their warming potential only. (This would probably
require some adjustment to the Montreal Protocol in order to make verification
possible.) For completeness, it is assumed here that all of the gases will need
monitoring under any verification regime, although it is probable that only carbon
dioxide and the CFCs would be covered initially. In order to measure the volume or
mass of gas emitted by each nation it is necessary to first know the principal sources
of the greenhouse gases. These are shown in Table 1, overleaf, together with their
probable contribution to global warming over the next 100 years.
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Source Contribution to Global Warming Types of Gas Emitted

Fossil Fuel Burning 54%
CFC and HCFC Usage 11.5%
Deforestation 8%
Drilling, Mining & Landfill 5%
Rice Paddies 4.5%
Enteric Fermentation (Animals) 3%
Biomass Burning 3%
Fertiliser Leaching 1.5%
Cement Manufacture 1%
Others 8.5%

CO2, N2O
CFCs
COz, NzO
CH4, COz
CHe
CH4
COz, NzO
NzO
C02

Table 1. The Principal Sources of Anthropogenic Greenhouse Gases (calculated
from refs. 1 & 5)

1 ;

It may be seen from the Table that by far the most important source of greenhouse
gases is fossil fuel burning and any verification regime must evidently cover most
of this sector. CFC production should be largely phased out by 1995 but their
emissions and those of their substitutes, many of which are also greenhouse gases,
will need to be assessed long after that date. Deforestation, or more specifically forest
burning, is an important source of carbon dioxide and forests are also an important
sink for the gas. Monitoring both deforestation and afforestation is thus likely to be
of considerable significance in any verification regime. The other sectors considered
individually have less effect on climate change but are significant in their total
effect. Any reasonably comprehensive regime should therefore take most of them
into account and they are thus considered here.

Fundamentally, what is needed in order to verify a Greenhouse Gas Convention are
means of measuring gross emissions from the sectors outlined on a national basis
over specified periods of time (probably one year). The extent of emission reductions
by each signatory country to the Convention can then be assessed and compared
with their legal obligations under the treaty. Before considering how to measure
emissions it is instructive to consider the characteristics of their sources in more
detail. Some of the more important characteristics are given in Table 2, overleaf.
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1

It may be seen from Table 2 that many of the sources in the energy sector emit only
small amounts of gas intermittently, but are extremely numerous and cannot
therefore be ignored by any verification regime. Sources in the other sectors tend to
emit rather more continuously but are, again, fairly small and are also typically
diffuse. (Diffuse in this context means that they emit fairly uniformly over a
significant area such as a rice paddy, rather than from what amounts to a 'point', for
example, from an exhaust pipe.)

Quantification of emissions from very large numbers of intermittent or mobile
sources emitting small volumes of gas evidently poses several problems in terms of
measurement and data collection. Indeed, it is difficult to see how to monitor
emissions effectively on a national basis from sources such as cows or motor cars.
One way around these problems is to monitor sources 'indirectly'. For example, by
monitoring fuel consumption and knowing 'emission factors' for fuel burning, it is
possible to measure emissions from cars quite accurately within any given country.
(Most governments monitor fuel consumption already, if only for the purpose of
taxation.) Similarly, it is possible to estimate carbon dioxide emissions due to forest
burning by monitoring the areas of forest cleared and deriving emission factors for
burning trees, although this type of measurement is typically less precise than those
for fossil fuels.

A verification and monitoring regime based entirely on indirect measurements
appears feasible and is likely to be adopted in the first instance on the grounds of
ease of practical implementation and cost. Such a regime could allow 70 to 80% of
the amount of gas from all sources to be monitored with reasonable accuracy (réf. 6 ).
However, irrespective of what sort of basic monitoring regime is adopted, there are
likely to be problems of how to independently check on it. It is in this role that space
based remote sensing is potentially valuable.

3. THE ROLE OF SATELLITES

Satellites have several fundamental advantages over other monitoring methods
which might be used in a verification regime. These are:

1. Satellites are, or can be, independent of restrictions due to national sovereignty.
They can cross borders unheeded and are difficult to 'blind' or destroy.

2. Remote sensors are capable of providing both broad area and detailed
information.

3. Remote sensing could provide all signatory nations to the Convention with
information of uniform quality.

4. Satellites could be independently controlled by an internationally based
verification body.

Space based remote sensing would, however, have potential disadvantages if
applied to monitoring in a Greenhouse Gas Convention verification regime. Lack of
discrimination, certainly in civil satellite systems, means that remote sensing is not

•



443

particularly well suited to measuring emissions from (or even identifying) small
sources. Indeed, it may be difficult to assess gaseous emissions at all. The inability of
visible/i.r. systems to penetrate cloud cover may also be a limiting factor in some
applications. There is also a more fundamental problem with any independent
system for checking national and sectoral inventories. This is that many sources and
sinks outside of the energy sector are poorly quantified. The question thus arises as
to whether it is worth verifying sectors for which there are no accurate data.

The detailed questions of exactly how suitable remote sensing is for monitoring
emissions will be covered by other papers at this Conference. In the rest of this paper
we will concentrate on describing the basic characteristics of different sources and
the fundamental suitability of space based remote sensors for measuring them. The
source characteristics are considered by sector, below.

3.1 Energy

It seems almost certain that the basis for emission measurement in the energy sector
will be calculation from energy statistics and emission factors measured from
different fossil fuels. This type of measurement is already quite advanced (réf. 7) and
could be reasonably accurate (< ±10%), certainly in the richer nations which are
responsible for the bulk of emissions.

Emission measurement by remote sensing is not well developed and is likely to be
very difficult to apply to the assessment of small point sources. Indeed, with the
fairly poor resolution of civil satellites it is unlikely that many small sources could
be identified, let alone measured. It is thus likely that satellite based monitoring will
be limited to emissions from power stations and larger industrial plant (for
example, oil refineries) and even in these cases it may not be particularly accurate.

Satellites could be used to count the number of certain types of sources and, in some
cases, to establish whether they were emitting or not. For example, large industrial
emitters could be counted, as could traffic build up, if fairly good resolution
instruments were available. This type of information could serve as a useful check
on national declarations of emissions. It would not, of course, yield accurate data,
unless national declarations were included in the Convention so as to contain
precise information on factors such as plant closure. In this case, remote sensing
could probably be used to check on several important factors. One goal might be to
use remote sensing to check whether CFC production facilities had been phased out.

3.2 Forests

Remote sensing is already established as a method of assessing the extent and
condition of vegetation in general and forests in particular. Forest inventories
obtained by satellite observation are available which can even enable the detection
of selective tree cutting, down to a certain lower limit, although such activities are
still difficult to identify (réf. 8).

An important feature of space based remote sensing systems in this type of
application is that they must always be linked to ground based, on-site activities.

•
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One reason for this is to enable calibration of the sensors; verification is only
practicable when both the country under observation and the observing body agree
what the information content of a satellite image (the pixels) represents. This
requires some ground based activities to determine the physical characteristics of the
area under observation such as the height and species of trees. A good working
relationship between the space based observers and the observed on the ground is
thus required.

Although remote sensing can be used to measure the area of forests accurately it is
difficult to obtain accurate estimates of emissions due to forest burning by such
techniques. This is because of inaccuracies in assessing the amount of carbon dioxide
and nitrous oxide emitted from a given area of forest when it is burnt Indeed, it is
often difficult to establish whether cut trees are being burnt at all, and if they are,
with what efficiency. Moreover, the possibility of identifying human activities from
satellites depends on the characteristics of the area under observation, such as the
type of forest, the season and the degree of cloud cover. Consequently, the prospects
for satellite monitoring are considerably more promising in some countries than in
others, which poses problems for any verification regime. It is also worth bearing in
mind that although indirect emission measurements can be often made, doing so
sufficiently often all around the world would necessitate the commitment of
formidable technical resources.

One way around the sort of problem outlined would be for certain forest areas to be
totally protected. Only areas of vegetation would then need to be monitored and
disturbances to forest regions detected. The same would apply to afforestation.
Satellite borne remote sensing would be almost ideal for this sort of task, although
there would still be some question of exactly how well selective deforestation might
be detected and how much cloud cover, seasonal climate changes or the type of
vegetation might inhibit observation. The latter sort of problem might, perhaps, be
overcome by agreeing different verification 'densities' for different types of forest.

3.3 Agriculture

Emission sources in the agricultural sector are typically fairly small and diffuse.
Direct measurement of emissions from any of the categories of source in this sector
will almost certainly not be feasible in the foreseeable future using remote sensing,
or indeed any other direct measurement technique. Nevertheless it is possible that
satellite observations will be of help in indirect measurements.

Given high resolution instrumentation (< Im) it would be possible to estimate
ruminant numbers (réf. 9) and both the area and condition of vegetation (réf. 10),
such as rice paddies. The margins for error in such cases is, however, high. Grazing
herds of wildlife can be counted to an accuracy of ±10% but domesticated animals
are more difficult to assess; ruminants may, for example, be stabled at the time of
measurement. Estimates of emission factors for such sources exist, although they
could be much improved.

The simplest way of verifying 'emissions' in the agricultural sector would be, as in
the forests sector, to place limits on animal numbers or planted areas. If these were



L 445

written in to any treaty then verification would merely involve the measurement
of areas or numbers. These could then be measured directly without introducing
errors from emission factors. Ground based 'calibration' would be needed as in the
case of forests.

It is difficult to envisage how nitrous oxide emissions from fertiliser could be
measured by remote sensing.

3.4 Drilling, Mining and Landfill

This sector could be monitored fairly well using space based remote sensing. Again
it would difficult to quantify emissions but most of the more important sources are
large, stationary and emit significant quantities of gas fairly continuously. The
presence of sites would thus be simple to establish and, in many cases, it would be
possible to find out if they were in operation.

As in the other sectors, verification by remote sensing would be considerably
simplified if national declarations included information about specific sites and
their operation. Otherwise, verification would be likely to be highly inaccurate.

V«^

1

4. DISCUSSION

Existing types of satellite based remote sensing could be very useful for verification
in the forests sector. This would be particularly so if national declarations included
in the Convention specified areas of vegetation which were completely protected.
Such declarations would also be useful in any regime to verify afforestation. Direct
measurement of emission volumes is, and is likely to remain, difficult and
inaccurate.

Remote sensing could also be effective in both the agricultural sector and the
drilling, mining and landfill sector but, again, only if the Convention were drawn
up in such a way as to include significant amounts of information on the sources in
the national declarations. The application of satellite measurements to the energy
sector is probably limited to certain large sources although with improved
resolution smaller sources could also be checked, but not assessed for emissions.

Overall, space based remote sensing does have potential application in verification
of a Greenhouse Gas Convention but would be significantly more useful if three
main requirements were met:

i) Sensors with a high resolution (<lm) are needed to detect large numbers of small
sources, for example cars and ruminants. It should be borne in mind that satellites
used in this type of application would also require considerable amount of 'back up'
in the form of data processing.

ii) A Convention or its Protocols could be drafted with verification by remote
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sensing in mind. Remote sensing is useful for identifying objects, measuring areas
and (in the case of vegetation) condition. National declarations could be written so
as to specify numbers and capacities of sources, rather than emissions, and to define
agricultural and forest areas.

in ) Direct measurement of emissions by remote sensing would be extremely useful
- although it is difficult to see how this could be done bearing in mind the
characteristics of most sources. |

A fundamental problem associated with using remote sensing to verify emission
levels is that they are, at present, poorly quantified outside of the energy sector. The
energy sector is by far the largest emission sector (>65% if CFC production is
included) and verification prospects as a whole are thus promising. There are less
encouraging prospects for verification by remote sensing, which is not particularly
well suited to measuring this sector. This situation, however, will probably not be
the case in the longer term as other measurement methods and data become more ,
refined. In present negotiations towards a Framework Convention a continued role
for the Intergovernmental Panel on Climate Change is foreseen and both an
Advisory Committee on Science and an Implementation Committee are likely to be
set up as well. These bodies will try to obtain more accurate data and will begin to
define how to monitor compliance with the treaty. There is thus a good case for ;
considering how to use remote sensing now, in time to use it effectively when
needed.

5. CONCLUSIONS

Space based remote sensing methods do have a role in verification of a Greenhouse
Gas Convention. At present this role would be limited mainly to monitoring s
deforestation and afforestation. Remote sensing could be much more effective in 1^
this application if either estimates of emission factors due to tree burning could be x
improved or the Convention could be drafted to include assessment of forest areas
rather than emissions. S

For remote sensing to find broader applications in verification they should ideally
include methods of measuring emissions from particular sources. Failing this,
treaties designed to limit greenhouse gas emissions should be drafted to permit
measurement of areas of vegetation (in the forest or agriculture sectors) or numbers
of sources (in the energy and agriculture sectors).

Finally, it is worth noting that it is not necessary to have a fully developed
verification regime now. In the absence of a fully developed Greenhouse Gas T
Convention there is no need to do so. What is needed is to start working on a ~~~ •
regime, probably using existing research, networks and institutions. A fully fledged
verification process can then evolve with the Convention.
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ABSTRACT

The sensivitv o-f 33 vegetation
indices (Vl) to changes in the
spectral reflectance data by
means o-f which the Vl values
Mere calculated Mas estimated
by the ANOVA method. Green-
house evidence -for spring
barley nitrogen fertilized and
grown from emergency to
complete ripeness Mas
processed. The ANQVA method is
a model- free method and
provides the possibility a
comparative analysis of the Vl
sensitivity to be performed not
needing the knowledge of model
corre1atianships between Vl and
bioparameters.

Keywords: Vegetation index,
sensitivity, ANOVA method.

1. INTRODUCTION

The spectral reflectance (S/?)
from vegetation in the visible
(VlS) and the near infrared
(NlR) ranges is related to
impartant biométrie parameters
such as biomass, chlorophyll
content, leaf area etc.. To
simplify the analysis of the
observed correlations between
SR and the biométrie parameters
(BP) various vegetation indices
(1/2) are developed based on
differences, products,
fractions, linear combinations
ana other functions of
individual (measured in a
separate channel> spectral
reflectance factors, taken from
the spectral reflectance
functions (spectral reflectance
coefficients (SRC) for
example). The Vl capabilities
with respect to the
description of these
correlationships are usually

estimated by means of simple
and multiple correlation
coefficients r (the
determination coefficient r ,
resp.) under the hypothesis of
a linear regression between BP
and Vl. The Vl-BP regression
function is usually not close
enough to a linear function.
Therefore a method free from
model constraints should be
preferred for estimating the Vl
capabilities to describe
these relations. Enhanced
descriptive capabilities are
expected with those Vl the
changes of which are greater
with equal SKC changes., i.e.
the sensitivity to SKC changes
of which is greater. To
estimate this sensitivity the
ANOVA method (the Variance
analysis) is used in this
paper. This method is free from
model constraints and thus the
Vl sensitivity comparative
analysis is possibly to be
performed over SRC data not
needing the examination of
correlatianships between SKC
and BP, resp. Vl.

2. MATERIALS AND METHOD

Data for spectral reflectance
coefficients of spring barley
were taken from green-house
experiments described elsewhere
(Réf. 5, 6) . The spring barley
was grown from emergency to
complete ripeness (13 weeks). A
six level nitrogen (N)
fertilization was provided (O —
1OÛO mg/kg soil). Spectral
reflectance coefficients (SRC)
were measured once a week in
the VlS and HIR ranges (4OO-8OO
r;m> by means of a multichannel
spectrometr ic system ISOH-O2O
with 1O-2O nm bandwidth and
12-16 nm spectral resolution in

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany, 30 March-4 April 1992
(ESA SP-341. July 1992)
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every channel. 33 of the known
Vl (Refs.1-4,7) were calculated
(s. Table) using the SRC values
in the blue (B), green (G),
red (R), near infrared \NIR) and
other bands, shown in the
table. The Vl F-ratios (sorted
in descending order with
respect to the factor
fertilization) as well as their
significance levels p are given
in the Table.

3. DISCUSSION AND CONCLUSIONS

As stated above the Vl
sensitivity was herein
estimated through ANOVA method,
in particular a two—way ANOVA.
The first factor was the
fertilizer (six levels) and the
second one - the spring barley
stages of development (SD) with
13 levels, corresponding to
13-fold (weekly) measurements.
The observed quantities in the
ANOVA. input matrix were the Vl
values of various types (s.
Table). The ANOVA outputs were
the F—ratios and their
significance levels p for
every one of tne Vl examined .
Interactions between the
factors H and SD were not
determined as repeated SKC
measurements were not
available. As known from the
Mathematical Statistics, the
greater the F-ratio is, the
stranger the influence of the
respective factor is considered
to be. with one and the same
SKC evidence the sensitivity of
the different Vl may be
compared therefore by means of
the F—ratios of the factors
examined: the greater the
F-ratio is, the higher the Vl
sensitivity may be regarded to
be with respect to the factors
included in the ANOVA analysis.
The more, the F-ratio regarded
as an estimate of the Vl
sensitivity is statistically
supported by the F significance
level p and is a model free
criterion. To compare
quantitatively the Vl
sensitivity various types of
normalized formulae may be

used such ass (I/I—1/2mmJ/ V 1 mv11,
(l/Jmax-l/i;/l/2max, (V1-VT>/V~T,
etc.
As seen from the Table, the Vl
F-ratios strongly dif-fer with
the two studied -factors.
Anyway, taking into consider-
ation only the first ten Vl
(sorted in descending order of
their F—ratios with respect to
the factor "fertilization"> and
comparing them to the first
ten Vl (sorted in descending
order with respect to the
factor "stage" — not shown
here) the following conclusions
may be done:
1. Only the ratio N1R/R is seen
to be both in the Vl tens
compared, i.e. the Vl
sensitivity is strongly
evidence dependant .
2. Three spectral bands: HlK,
R and G are to be recommended
to define Vl by means of which
the factor "fertilization"
should be estimated, while the
K and 6 bands dominate in the
first ten Vl-F ratios sorted
with respect to the factor
"stage".
Conclusions 1. and 2. are

supported by a significance
level p =- 0.05.
3. The use of the AWOVA method
reveals the possibility the
sensitivity of different V1
(towards changes in the factors
examined by means of V l > to be
significantly discriminated.
An attractive suggestion is

tnat the most sensitive ^with
respect to their F—ratios* Vl
are possibly among those, which
strongly correlate with
biométrie parameters and its
verification w i l l be the aim of
next works.
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Table: Two-way ANDVA F-ratios of 33 Vl calculated from SRC
obtained by spring barley green—house experiments.

Vl Formula (B=4B4 i>», G=
557 nm, /?=662 n», 1=727
n», HlK=QOZ nm)

sqr(G2+NIR2)
sqr(R2+NIR2)
(NlR-6)/tNIR+G)
NlR/(6+R+NIR)
G*N1R/R
N1R/G
NIR/R
G*NIR/B
sqrlO.,5 + (NIR-R) /( NIR+R»
(NlR-R)/ (NIR+R)
R/(G+R+NIR)
(NIR-I)/ (NIRH-I)
G/(G+R+NIR)
NIR/ (NIR-G)
NIR/1
662/702 red shift
NIR*R/G
tGI-R)#NIR/<S+R)
G/R
R2 /(6*777)
(G-R) /(8+R)
R/<B+G+R)
G/(B+G+R)
sar<O.5 + (G-R? /(G+R))
B/B
(6-B>/(G+B)
NlR/ (NIR-R)
sqrtO.5 + (NIR-G) /' <NIR-»-G) )
484 /5O3 blue-preen shift
8O3/754 pigment shift
sqr iG2 + R )
B/ (G-R)
B/(B+G+R)

Factor

Ferti
F

19.6O9
18.768
18.180
17.612
17.371
16.328
16.282
15.304
13.915
13.677
13.273
13.148
12.673
12.167
12.O36
10.561
9.829
8.181
6.535
5.473
4.642
4.357
3.887
3.75O
3.227
3.086
2.821
2.756
1.752
1.041
0. 619
O. 589
O. 424

lizer
P

o.oooo
o.oooo
o.oooo
0.0000
o.oooo
o.oooo
O . OOOO
O . OOOO
o.oooo
O . OOOO
o.oooo
o.oooo
o.oooo
O . OOOO
o.oooo
o.oooo
o.oooo
o.oooo
O.OOO1
Û.OOO4
O.OO13
O.O021
O.O044
O.O054
0.0152
O.O152
O.Û244
O. 0398
0.1382
0.4028
O. 6855
0.7O8O
0.8298

Stage
F P

21.544
18.753
30.160
44. 6OO
53.628
29.368
55.1O9
46.929
55.46O
62.191
66.407
14.996
8.977
14.594
13.69O
91.881
29.932
51.876
62. 9Ol
4B.O7O
57.896
62.471
49.127
52.6O7
6O.133
59.719
8.171
3.973
2.627
6.713
4O.729
O. 695
10.168

O . UOOO
O.OOOO
O . OOOO
O . OOOO
O . UOOO
O.OOÛO
O . OOOO
o.oooo
o.oooo
o.oooo
O . OOÙO
O . OOOO
o.oooo
o.oooo
o.oooo
o.oooo
o.oooo
o.oooo
o.oooo
O . OOOO
O . OOOO
o.oooo
o.oooo
O. OUOO
o.oooo
o.oooo
o.oooo
O.OO45
0.0940
o.oooo
O.OOÙO
0.7372
o.oooo
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SPECTRAL REMOTE SENSING OF ANOMALOUS MINERALOGY INDUCEP BV HYDROCARBON MIGRATION AND URANIUM MINERALIZATION,

SAN RAFAEL SWELL, UTAH, USA

Hayati Koyuncu

Colorado School of Mines. Golden, Colorado, U.SA

Hacettepe University, Ankara, Turkey

ABSTRACT

Landsat Thematic Mapper (TM) dataware digitally processed, analyzed,
and interpreted for iron-oxide, carbonate, and hydroxyl-bearing mineral
anomalies associated with hydrocarbon-induced alteration and/or uranium
mineralization in the San Rafael Swell, Utah. Discrimination of these
minerals or mineral asemblages was possible based on their absorption
features (spectral properties) that fall within TM spectral passbands. For this
purpose, band ratios were calculated and combined to produce a color-ratio-
composite (CRC) image on which altered rocks were characterized by color
differences. The colors of the CRC were further analyzed and classified
numerically by digitally transforming the CRC digital numbers into Munsell
color coordinate (intensity, hue, and saturation or IHS). Subsequent field
checks and laboratory spectral. X-ray diffraction (XRD), and microscopic
analyses of rock samples were performed to determine alteration minerals
and/or mineral assemblages, and to establish a minéralogie basis lor the
spectral anomalies (altered versus unaltered rock) observed on the images.
The TM data discriminated limonioc rocks from norvlimonitic roks, as well as
clays and carbonates, although an ambigous identification of which of these
minerals was present could not be made and required field checking.

Keywords: Remote sensing, spectral, alteration, mineralogy, mapping.
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!.INTRODUCTION

San Rafael Swell (hereafter used as SRS or study area) is a north-northeast-
trending, doubly plunging, asymmetrical anticline located in Emery County,
Utah (fig. 1). The Swell is 25 Kilometers west of Green River and covers
approximately 3000 square kilometers. It is formed in early Tertiary time
(Réf. 2), and composed of exposed sedimentary rocks ranging in age from
Pennsylvaman to Jurassic. The structure is in the northwestern end of the
Colorado Plateau and forms a major tectonic feature in the plateau. The se-
dimentary rocks exposed in the SRS include Pennsylvanian Hermosa Fm,
Lower Permian Elephant Canyon Fm, Permian Coconino Sandstone and
Kaitaab Limestone. Triassic Moenkopi and Chinle Fms, and Triassic and Ju-
rassic age Glen Canyon Group of rocks: Wmgate Sandstone, Kayenta
Fm.Navajo Sandstone.

Most of the rocks cropping out within the San Rafael Swell are altered by
migrating hydrocarbons and associated waters and uranium-bearing
solutions (Refs. 3, 4). Fluids, either related to leaking hydrocarbon
reservoirs or mineralizing solutions (in this case uranium mineralizing
solutions) usually affect the geochemical environment in the host rock and/or
in the surficial layers, causing subtle variations in the composition of the
rocks.

Alteration features in the SRS, which involved bleaching of originally red
beds formation of sulfides, introduction of petroleum, color mottling,
formation of jasperoid. carbonates, barite, kaolinite, and uraniferous
substances are descnoed by Hawley and others (Réf. 4). Some of the
mineralogical variations or changes, especially of bleaching of red beds,
formation of kaolmite and carbonate can be delected using appropriately se-
lected and processed TM spectral bands.

Spectral imagery data from Landsat TM scanner, in conjuction with spe-
cial digital image processing techniques, can assist geologist to relate
minéralogie variations on the images to certain types of alteration that
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FIGURE \ : Location map of the San Rafael Swell study area.

might be related to economic accumulations in the subsurface. This
research investigated mineralogical variations related to hydrocarbon-
induced alteration and uranium mineralization using digitally processed
Landsat TM images of the San Rafael Swell area.

1.1 Hydrocarbon-Induced Alteration
Preliminary studies at the SRS show that migrating hydrocarbons and
associated fluids alter the oxidation atatt of iron in the «doting radbeds.
Because migrating hydrocarbons create a reducing environment, and initiate
Eh/pH-controlled chemical reactions in the surface and near-surface strata
causing compositional changes in the rocks, especially the removal (or
reprecipitation) ol ferric iron oxides as ferrous compounds, living a
bleached color in the rock.

Other possible changes caused by hydrocarbon-induced alteration include
formation of kaolmite. illite, pyrite, introduction or increase in carbonates,
and introduction of hydrocarbon compounds and subsequent removal,
leaving residues. Of these. kaolinite is one of the most important alteration
minerals related to spectral remote sensing of hydrocarbon-induced
alteration.
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Migrating hydrocarbons may contain quantities of hydrogen sullide (H2S)
and carbon dioxide (CO2) sufficient t> be slightly acidic as well as reducing
(Réf. S). resulting in changes in chemistry of formation waters. Under these
conditions, feldspars and clays that are stable in basic environments are
altered to other clay minerals, especially kaolinite and smectite (Réf. 6).

1.2 Minaralnfllcal Variations Halatad to Uranium Minflfali7ation
The geochemical condition needed to precipitate uranium is opposite that of
iron oxides; uranium is soluble in oxidizing conditions and is insoluble in its
reduced state. Thus, under reducing conditions caused by reductants (in
situ organic material and oil and gas and associated waters), uranium in
solution precipitates as oxide minerals.

The classical uranium emplacement model, based on Wyoming-type roll-
front sandstone deposits, has oxidized (altered) ground upstream from the
accumulations and reduced (unaltered) ground downstream from the ore
zone. This model, however, does not seem to explain the alteration related
to uranium deposits of the San Rafael Swell, nor other deposits elsewhere in
the Colorado Plateau (e.g., Lisbon Valley uranium deposits as discussed by
Cone» ant Alley (Réf. 7). In the present study area, no bodies of altered rock
corresponding to the alteration tongues (an oxidized ground upstream from
the accumulations) of roll deposits have been seen.

Most uranium deposits in the study area are asrociated with asphaltite and
are found in reduced basal sandstone bodies of the Chinle Formation. The
uranium ore consists primarily of unweathered, reduced minerals that were
probably deposited at an interface between uranium-bearing solutions and
the reductants (hydrocarbons and/or in situ carbonaceous material)
contained in the reduced sandstones. Therefore, the reduced beds can be
considered as potential areas for uranium.

2. SPECTRAL PROPERTIES-THE BASIS FOR SPECTRAL
REMOTESENSING

Landsat sensors are able to measure radiance in the form of digital
numbers. These data have been used extensively to map different surficial
materials, because radiance is primarily a function of the reflectance of
material. The reflectance of materials varies with wavelength because of
atomic and molecular interactions of matter and energy unique to the
compound (Réf. 8). Laboratory studies of the spectral properties of rocks
and minerals indicate that numerous absorption features in the 0.4 to 2.5
micrometer region of the electromagnetic spectrum are indicative or
diagnostic of minerals (fig. 2) commonly found in altered rocks (Rets. 9,10,
11,12).

Physical causes of the spectral reflectance of minerals are summarized by
Hunt (Réf. 8), who demonstrated that there are two main causes for the
spectral absorption features of rocks and minerals in the visible and near
infrared regions of the spectrum:

1) Spectral absorption features at wavelengths snorter than 12 micrometer
are caused by electronic transitions, almost entirely associated with iron
(fig. 2a). The intervalence charge transfer by the exchange of electrons
between O2- and Fe3* causes broad and intense absorption features at
wavelengths shorter than 0.8 micrometer and centered in the ultraviolet.
Superimposed on this charge transfer absorption band, there are smaller
spectral absorption features caused by changes in electron levels within the
crystal field of Fe3* minerals (crystal field transitions). The location and
intensity of these features are dependent on the type and degree of
crystallinity and they serve to separate different limonite minerals (Réf. 12).

2) Absorption features that appear beyond 1.2 micrometer are caused by
vibrational processes (overtones and combinations of fundamental
stretching modes) occurring in molecular groups, especially in hydroxyl-
bearing minerals. Of these, absorption bands near 1.4 and 1.9 micrometer
are useful only for laboratory studies. They cannot be utilized by remote
sensors because of atmospheric absorption at these wavelengths. The
spectral absorption features near 2.2 micrometer are diagnostic of hydroxyl
groups and are caused '--y a combination of OH band-stretching and AI-O-
H band-bending vibrations (fig. 2b). An absorption feature near 2.35
micrometer, not related to OH groups, corresponds to carbonate minerals
and is caused by overtones and combinations of the CO3

2- radical.

The Landsat TM scanner data used in this study utilize these absorption
features to extract anomalous surficial minéralogie data that might be
associated with hydrocarbon-induced alteration and/or uranium
mineralization. With improved spatial and spectral resolution, compared
with the Landsat MSS, and with addition of bands in the infrared centered at
1.6 and 2.2 micrometer, the TM can delect clay-bearing mineral
assemblages and carbonates, as well as iron oxides and hydroxides.

a. TM PASSBANDS
I 2 3 4 5

WAVELENGTH (MIcronwMr)"

FIGURE 2: Sptctrtl nfftcunc* curves of <•> the common «mon*»
minerait tnd <b) hydroxyl-bturing mimralf and carbonatts, showing IrW
location ol the Lands*! TtumaHcUapparipactril bands, Tha cuvas art
offset vertically for clarity [modified from KntpptrfOti. 13)].

3. METHODSOfSTUDV

The Landsat Thematic Mapper (TM) imagery data, in the form of digital
numbers (DNs) on computer-compatible-tapes (CCTs). used in this study
were extracted from Landsat 5 TM Scanner full seen* data (I.D. 50093-
17302, imaged on 2 June 1984). The images were processed at the U.S.
Geological Survey (U.S.G.S), Branch of Geophysics. Remote Sensing
Laboratory, using a Perkin-Elmer 3220 minicomputer and existing digital
image processing programs (REMAPP).

Preliminary image interpretations were made on color-infrared (CIR) and
color-ratio-composite (CRC) images. A CIR image using TM bands 4,3,
and 2 as red. green, and blue respectively, was used to provide the
distribution of vegetation and an overview of the area. On a CIR image
vegetation is always separated by its distinct red color, because vegetation
has a high spectral reflectance in the near-infrared (TM band 4).

A CRC image using TM band ratios 3/1, 5/7, and 5/4 as red, green, and DIu*
respectively was used to characterize altered rocks and alteration minerals.
Band ratioing provides added information on mineral content of rock and soil
(Réf. 14) by increasing spectral contrasts and decreasing the «fleets oi
illumination due to topography. Ratios are chosen to optimize the
identification of sheet silicates (clays and micas), carbonates, and torric-
iron-bearing minerals (referred to as limonite* by Blanchard (Réf. IS) to
include goethite, hematite, ferrihydrite, and jarosita). On TM-CRC imagw
the identification of clays is possible only with C* 5/7 ratio. The ratios 3/1.
5/1, and 3/2, are often used to map limonite. Initial surficial minéralogie data
interpretation was based on expected colon, which an in turn dominated by
the band-ratio combination. Emphasis was on delineating distinct variations
in colors that might have been caused by expected minerals or mineral
assemblages.

The colors of the CRC image further analyzed by digitally transforming the
CRC digital numbers into Munsell color coordinates ((ig. 3). which
numerically describe the CRC image colors, allowing a numerical
classification of expected or defined alteration minerals or assemblages.
Areas representative of different mineral assemblages or units defined on
the CRC image were field checked, were then relocated on the CRC. and
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then- Munsell color coordinates were calculated. The defined Munsell color
characteristics, except the saturation component (which was too variable to
be of use), were then used to classify the CRC image and to further define
the distribution of alteration minerals or mineral assemblages. Four differeni
mineral assemblages were defined on the basis of this technique, and
mapped onto single black and white band 7 images in different colors to
further refine alteration interpretation. Numerical identification of colors
using the transformed Munsell coordinates produces a reproducible means
of detecting specific colors within the Landsat color composite images with
an increase in precision over visual identification (Réf. 16)

HUE «>

FIGURES: The Munsell color system ( Rets. 17, IB, 18). a. The cylindrical
Munsell (intensity-hue-saluration*IHS) parameters in perspective with the
orthogonal red-blue-green (RGB) cube. b. The hue/saturation plane along
the intensity axis showing digital numbers used Io represent different hues.

Enlarged prints of the CRC at scales of about 1:100,000, and topographic
maps were used as base maps during field checking and mapping.
Contacts between surtoal materials, which are mineralogically different on
the CRC images, were checked on the ground and their physical properties
were described and noted.

Representative samples were collected from both altered and unaltered
units to perform laboratory analyses on ttie samples. A total of 129 samples
were studied using a binocular microscope. The objectives were to
determine the mineralogy and the characteristics of each sample (estimates
of percentages of particular minerals or mineral groups) and Io describe the
texture (sorting and grain size).

X-ray diffraction (XRD) was used to analyze selected 33 samples for clay
minerals, whole rock mineralogy, and relative quantities of minerals or
mineral assemblages. Samples were measured at the U.S. Geological
Survey (Branch of Exploration Geochemistry) on a Picker ditfractometer
with vertical goniometer using CuK-alpha radiation at settings of 34 kV and
18 mA, at a scanning rate of 3 degrees two-thela per minute. The samples
were measured from 2 to 52 degrees two-theta. Results were acquired in
digital format and plotted on analog strip charts. Both the clay mineralogy
and whole rock mineralogy of each sample were analyzed, and an attempt
was made to quantify the results based on the integrated peak areas of each
mineral.

Laboratory spectra of the same rock samples used for XRD were also
measured from 0.4 to 2.5 micrometer on a Beckman 5270 double-grating,
double-beam spectrophotometer, that is custom interfaced to an IBM-PC
computer. Spectra were acquired in digital format using HALON as a
standard and transferred to the U.S.Geological Survey Spectroscopy lab
computer for subsequent analysis using program SPECPR (Réf. 19). Since
weathered rock surfaces were measured directly, no sample preparation
was required. The objective for measuring reflectance spectra was to
provide a connection between the mineralogy determined by XRD,
microscopic analysis, and the imagery. Because spectral data for rocks is a
mixture of individual minerals that make up the rocks, it will be easier to
interpret how and why the altered and unaltered areas can be seen on the
images.

4. RESULTS

4.1 Laboratory Minéralogie and Spectral Data
Representative altered and unaltered rock samples were analyzed in the
laboratory to determine their mineralogy, texture, and spectral properties.
Splits of the same samples were used for each analytical technique. The
following is a summary of laboratory data obtained from the analyses of the
X-ray diffraction, binocular microscope, and laboratory reflectance spectra.

4.1.1 X.Ray Diffraction. Table 1 summarizes the results of XRD, showing
the mineralogy of both altered and unaltered roks. Hematite is present In all
of the unaltered red beds of the Chinle and Moenkopi Formations. Jaroilte
is present in some altered rocks of the Navajo Sandstone, Chinle
Formation mudstones, and in theCoconino Sandstone. Goethlte and
ferrihydrite were not identified as the principal iron oxide minerals In any of
the units in the study area. The spectral reflectance data, however, show
fem'hydrite in some samples. This may be an indication that ferrihydrite is
too finely crystalline to be identified by XRD. This also suggests that the
spectral data obtained from the Beckman spectrometer are more sensitive
to iron oxide mineralogy than XRD. The composition of clay minerals in
altered and unaltered rocks was determined in the clay fraction
diffractograms. Altered areas arc more kaolinitic than unaltered VM*.
especially where the rocks contain oil residues, whereas mica clays,
(referred to as "micaceous day minerals" by Carrol (Raf. 20) to include
muscovite, illite, biotite, glauconite, vermiculite, phlogopite, and seriate],
are the principal day minerals in unaltered rocks. Mixed-layer days (usually
in the form of illite/smectite) are present mostly in altered sandstones (not in
mudstones). Chlorite was identified in one of the bleached Moenkopi
mudstones. The total relative clay content within both the altered and
unaltered rocks is approximately equal, except for the highly kaolinitic
altered rocks in the collapse structures.

4.12 Microscopic Analysis. Most sandstones, especially those of the Glen
Canyon Group and Coconino Sandstone, are a nearly pure quartz
sandstone. Quartz grains are very well sorted and range from medium sand
to very fine sand. Some of the quartz grains appear to be brecciated and
show a milky white color in some samples. The other minerals in these
sandstones are limonite and black opaque minerals (probably magnetic).
Small amounts of clays are present between grains. Silt-size silica, and
perhaps calcite, cement most grains. Black opaque minerals occur as
detrital grains, making up less than one percent of the rock in most samples.
Limonite aggregates, which may be mixtures of day and iron oxide, occur as
an alteration product of black opaque minerals and perhaps of pyrite. The
other habit of limonite is as grain coatings and cement between grains. The
total amount of limonite is less than 5%, and the colors of the samples are
mostly due to limonite, except for the grayish yellow samples with high
organic content.

The sandstones of the Chinle and Moenkopi Formations are composed
mainly of sand size quartz grains, clay, and silt size materials cemented by
calcite. Quartz grains are moderately to well sorted, and range from very
coarse to very fine sand. The day makes up to 15% of the minerals. The
days probably occur as kaolinite and i'lite. Muscovite and biotite make up
less than one percent. Limonite and black minerals usually occur in trace
amounts. Other minerals in these sandstones include trace amounts of
pyrite and feldspars. A freshly broken, altered sandstone is grayish yellow
to black because of petroleum residues in the rock. The amount ot
petroleum residues may range from slight dead oil-staining to 35%
asphaltite.

The silly and dayey rocks contain only 5% or less sand size quartz grains. In
a siltstone the rock is mainly composed of silt size minerals that make up to
75% of the rock. In unaltered silMone or mudstone the limonite content may
range from 10 to 15%. Where these red beds are altered, they contain oil
residues and disseminated pyrite cubes and nodules.

The minéralogie composition of limestone samples from the Sinbad
Limestone Member of the Moenkopi Formation and the Kaibab Limestone
was not possible to determine by this technique. However, these limestone
samples contain sand size quartz grains and silt size materials in many
samples. These rocks are also stained with oil residues in most part ol the
Swell, and contain pyrite in trace amounts.

4.1.3. Relleetance Spectra. Laboratory reflectance spectra were visually
analyzed to determine iron, clay, and carbonate mineralogy using a
reflectance spectra chart of common alteration minerals of Lee and Raines
(Réf. 12). As discussed previously, the major constituents of the
sandstones is quartz. The spectrum for quartz is nearly featureless, with the
exception of a fall-off in reflectance (due to iron contamination) in the
ultraviolet and short visible wavelengths. Thus the quartz alone would add
very little to variations in the spectral reflectance of samples.

Typical unaltered iron-rich red beds of the Chirt» and Moenkopi Formations
have reflectanco spectra that show hematite, and trac» amounts of clay*
and carbonates (fig. 4). Tht altered red bad* hava sptctra thai show
ferrihydrite. jarosite. kaolinite, mica days (usually illite a* determined from
XRD and and spectral reflectance data), alunite (?). calcite, race amount*
of other iron oxides, and overall increasa in reflectance or albedo (fig. 4).
The most intensely bleached altered rocks !art the characteristic iron oxkJ»
absorption features. For example, the highly bleached Wingale Sandstone
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TABLE \ : X-ray diffraction data tor typical altered and unaltered rocks ol the San Rafael Swell.

ROCK

Glen Canyon Group
(JTRg)

Altered
Unaltered

Chmle Formation
(TRc)

Altered
Unaltered

Moenkopi Formation
(TRm)

AIlBfBd

Altflrod Coconino fiandfitonerPc)
Altered (?) Kaibab Limestone (PkI
Altered rocks in collapses (C)

Mca
M

2M
M

M.MI
M

Ml
M-Ml
M

2M

Clay Mineral*
(clay size fraction)

Kfâ Chkr Mied

1M - Mn-Tr

M - T r
M-Mn -

M Mi -
MJUh -
_ _ „

1M

MINERA

m

M
M

M
M

MMn
M
Ml
M

L

Ffllri
Mn

Mn-Tr
Mn

MvTr
Mn

Mn-Tr
Tr
Tr
Tr

Other Minerait
(whole rock)

fjde DrA) Homo RnM

MvTr M n -
Mn M Mn

M Ml
Mn M Mn

M M - -

— — —
— — — —

iflrYft Qth&T

Mn

Tr

- PvritefM
„ _

_

..

[KaolxKaolinite. Chlor=Chlorite, Qtz=Quartz, Feld-Feldspar, CaIc=CaIdIe, Dolo-Dolomite, Hema.Hemafite, Goet=Goethite, Jaro-Jarosite; M»Major,
Mn=Minor, Tr-Trace; U1st clay, 2=2nd day, where order indicates relative quantity; ---not detected]

at Temple Mountain shows only kaolinite and carbonate absorption featu-
res. Most ol the other rocks exhibiting a tower intensity bleaching, especially
rocks altered by hydrocarbons, contain clays (usually kaolinto) and
carbonate absorption bands, yet they also contain minor amounts of iron
oxides, which cause a fall-off in the visible region. The spectra for these
rocks are essentially featureless between 0.6 and 1.2, but have a positive
slope: an increasing reflectance or albedo U longer wavelengths. Ab-
sorption features beyond 1.2 micrometers ere due to strong hydroxyl bands
near 1.4 to 2.2 micrometers and strong molecular water bands at 1.4 and 1.9
micrometers. Unaltered red beds show only iron oxide and very weak clay
and carbonate absorption bands. The spectra are generally featureless
beyond 1.2 micrometer except for the weak absorption features near 1.4,
1.9, 2.2, and 2.35 micrometers (fig. 4). These features are most likely
obscured or masked by iron oxides that cause an overall decrease in
reflectance. These rocks, however, contain relatively equal amounts of
clays as their altered equivalents do, as indicated by XRD. This suggests
that iron oxides are the most important minerals for discriminating altered
from unaltered rocks, because the presence of iron oxides (even in trace
amounts) could dominate the whole spectrum and may obscure other useful
features. Another effect on the spectra of the altered rocks was the oil-
staining, causing an overall decrease in reflectance, which, in return,
weakens spectral features. The spectra for most altered rocks in the 1.2 to
2.5 micrometer range are dominated by the kaolinite reflectance. The illite
reflectance was almost entirely masked by that of kaolinite.

o *

0.5 1.0 1.5 2 O 2.5
WAVELENGTH UJRI)

FIGURE 4: Typical spectral reflectances ol (a) altered and (b) unaltered
red beds.

4.2 Spectral Semota Sensing Data
The images produced in the processing stage of this study were used
individually, together, and in conjunction with field and laboratory data to
define and map the distribution of anomalous mineralogy, and thus the
extent of alteration associated with uranium mineralization and/or
hydrocarbon seepage. The CIR image shows no vegetation or sparse
vegetation over the entire SRS area, indicating no effect or minimal effect of
vegetation on the imagery data. High vegetation density, such as cultivated
areas outside the study area appears red on the CIR image. The CRC (3/1,
5/7, and 5/4 as red, green, and blue respectively) image and its IMS-

classified images were found to be the most useful for delineating and
mapping the altered rocks of the San Rafael Swell. The ratio of TM bands
3/1 was used to delineate variations in iron oxide, because iron oxide-rich
rocks exhibit an intense absorption feature from approximately 0.8
micrometers to shorter wavelengths (Réf. 8). Therefore the ratio of 3/1 will
be high relative to that of rocks without limonite. Color coding this ratio red
results in limonite being displayed as shades of red, provided that there are
no other mineral absorption features present in the limonitic rocks. For
example, eolian sand dunes and sedimentary red beds are displayed red on
the CRC image, because the limonitic red beds of the area, as discussed
earlier, have spectra showing only iron absorption bands.

Minerals with absorption features in TM band 7 (2.08-2.35 micrometers)
cause the ratio of TM bonds 57 to be high, causing areas with these minerals
to be displayed as shades of green on the CRC. Most of the collapse
structures, carbonate-cemented Chinle Formation Sandstones, Kaibab
Limestone, and intensively altered Moenkopi Formation mudstones appear
green. As discussed earlier, the reflectance spectra for these rocks indicate
strong clay and/or carbonate absorption features. Vegetation also yields
high 5/7 ratios and appears green that can be confused with day-and/or
carbonate-rich rock exposures. The vegetation cover, however, is very
sparse and has minimal effects on the data as interpreted from the CIR
image. Areas with both high 3/1 and 5/7 ratios will appear yellow on the
CRC. Most of the yellow colors appear in a transitional zone between altered
and unaltered rocks of the Moenkopi Formation. TM band ratio 5/4 was used
for distinguishing bare bedrock and soil from vegetation. Rocks and soil
have intermediate to high values for TM band 5 and low to intermediate
values for TM band 4, whereas vegetation has a higher value for TM band 4
than band 5. Thus, high to intermediate TM band 5/4 ratios indicate bare
rook and soil, whereas a low TM 5/4 indicates vegetation. The 5/4 ratio may
also be high for alunite and gypsum as well. These minerals, however, are
not very common in the study area, and they did not cause any confusion in
the image analysis. Most altered rocks of the SRS appear blue on the CRC
image. Because the laboratory spectra for these rocks exhibit a fall-off in
reflectance at wavelengths shorter than 1.2 micrometers and an overall
increase in reflectance at wavelengths longer than 1.2 micrometers, causing
low DN values for TM band 4 and high DN values for TM band 5. This caused
5/4 ratio to be high for these rocks.

Four mineral assemblages wers ravealed from the examination of the CRC
image and its IHS transformation. These are (1) limonite minerals, (2) a
combination of limonite and day and/or carbonate minerals, (3) clay and/or
carbonate minerals, and (4) negative limonite anomalies. The limonite
minerals, a non-anomalous mineral assemblage, is characterized on the
CRC image by red to magenta hues (105-143) and moderately low to high
values (60-140) in the Munsell color system (fig. 3). Field work and
laboratory spectral data show that these areas correspond primarily to
outcrops of unaltered original red beds and eolian sand dunes. Limonitic
bedrock, especially finer-grained mudstones, appears as darker red hues,
whereas limonitic alluvium and eolian deposits appear as bright red to
magenta hues. The limonite plus clay and/or carbonate minerals are
characterized on the CRC image by moderately bright (75-156) yellow hues
(76-104). These areas define areas of partly altered rocks, especially in the
upper part of the Moenkopi Formation, and are related to hydrocarbon-
induced alteration. The clay and carbonate minerals are defined by
moderately bright (60-150) cyan and green hues (40-75). These anomalies
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define an introduction, or increase , in the amount of clay (usually as
kaohnite) and calcite and dolomite, and correspond to (a) ccllapse
structures: (b) reduced uranium-hosting rocks, «specially green mudsBnes
and day and carbonate cemented grayish sandstones; (c) intensive
hydrocarbon-related alteration in red beds of the Moentopi Formation and
exposures ol the Kaibab Limestone. The negative limonitic anomalies are
generally represented by blue to cyan hues (0-39) and high values) 110-225)
on the CRC. These anomalies correspond to areas of limonite-poor altered
rocks, gray carbonaceous rocks of the Ch.nle Formation, and nonlimonitic
bedrock and soil and alluvium. Hues on the CRC image shift from blue to
cyan as the intensity of alteration is increased. A preliminary alteration
interpretation map superimposed on geology (fig. 5) was prepared on the

basis of the mineral assemblages, which were defined on the RHC Image
and its IHS classified them» maps. Field examinations indicated thai
alteration boundaries associated with hydrocarbon migration are usually
crosscutting. although some concordant or planar relations occur. The
distribution of altered rocks suggests that there may be a spatial relationship
between major uranium deposits and altered rocks: the presence of reduced
rocks dose to the ore deposits, and unaltered red rocks underlying and
overlying the reduced ore-bearing Chinle Formation horizon (fig. S). This
relationship suggests that the mineralization probably took place at an
interface between uranium-rich oxidizing fluids contained in red beds and
the reduced strata containing reductants. which were derived from
degradation of in situ carbonaceous material and/or from leaking hydrocar-
bons along fractures.

Moderately-highJy altered rocks

SUghUy altered rocks

Partially altered rocks

Unaltered rocks

1

> 100,000 tons of ore produced,
through 1957

l>10,000 tons of or* produced, • ftosptct
through 1957

V I

[ JTRg- Glen Canyon Group (Wingate Sandstone, Kayenta Fm, Navajo Sandstone, TRc. Chinle Fm, TRm. Moenkopi Fm, Pkc. Kaibab Limestone and Coconi-
no Sandstone, Pe- Elephant Canyon Fm1 IPe- Hermosa Fm J

FIGURES: Distribution ot altered rocks and uranium deposits. Uranium data are alter Hawiay and others (Ret. 4) and Lupe (Réf. 21). The descriptions oltht
geological units and more inlormation on the geology and altered rocks can be found in Koyuncu (UeI. 1) and Bartsch-Winkler and others (Réf. 22)

v I-
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5. SUMMARY AND CONCLUSIONS

Remote sensing of minéralogie anomalies in the study area associated with
both hydrocarbons and uranium was accomplished principally by band ratios
and color ratio composites by enhancing spectral variations between altered
and unaltered areas. This method effectively discriminated limonit'c rocte. Il
also discriminated rocks that contain clays, micas, or carbonates, although
field checking is required to allow unique mineral identification. Several
mineral assemblages were detected related to these minerals or mineral
groups. Four mineral assemblages, (1) limonite minerals. (2) a combination
of day and/or carbonate minerals plus limonite; (3) clay and/or carbonate
minerals; (4) negative-limonite anomalies, helped distinguish altered from
unaltered rock. The limc-nite minerals are not anomalous and are related to
unaltered red beds and limonitic alluvium and eolian deposits. Assemblages
2.3. and 4 are anomalous and are related to hydrocarbon alteration and/or
uranium mineralization.

The field work and laboratory minéralogie data (spectral, microscopic, and
XRO) show that the limonitic areas correspond primarily to outcrops of
unaltered original red beds and limonitic alluvium and eolian deposits. The
day and/or carbonate plus limonite minerals represent areas where the
bleaching of red beds is not complete, such as slightly and/or partly altered
red beds. The day and carbonate minerals define an increase in the a-
mount of clay (usually as kaolinite) and carbonates as a result of alteration
caused primarily by migrating hydrocarbons. These minerals also define the
reduced uranium-hosting rocks in places. The negative limonitic anomalies
corresponds to areas of bleached rocks, gray carbonaceous rocks,
nonlimonmc bedrock, soil, and alluvium.

The results of this study show that remotely sensed multispeclral Thematic
Mapper data can be used to detect possible areas of hydrocarbon-induced
minéralogie .alterations and minéralogie anomalies related to uranium
mineralization (at least favorable faciès for uranium precipitation) in rocks at
surface. The observations and results of this study can be utilized as a guide
for detailed field mapping and exploration for uranium and hydrocarbon in
the San Rafael Swell and vicinity, and in other areas of interest.
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ABSTRACT

Greater Bandung in Java (Indo-
nesia) is rapidly expanding and
poses great problems for the
environment. The land is inten-
sively used and future changes
in landuse will have to be
carefully planned j.n order to
minimize the risk of future
environmental damage. The
compilation of various data
assists in arriving at a
complete assessment of the na-
tural and environmental
potential of the area. SPOT
image interpretation was among
the most important data sources
for actualization of the urban
and landuse map and for the
evaluation and identification of
environmental and engineering
geological problems.

Keywords: Remote Sensing, SPOT,
environmental geology, Bandung

limited area of about 2 200 km2
Its growth has dramatically in-
creased the demand for land and
natural resources for housing,
industry, road construction and
waste disposal sites. The exces-
sive requirements for ground-
water and construction mineral
resources, coupled with improper
waste disposal and intensive
agriculture are seriously affec-
ting the environment.

The aim of the 4,5 years coope-
ration (1989 - 1993) between the
Directorate of Environmental
Geology (DEG, Bandung) and the
Federal Institute for Geo-
sciences and Natural Resources
(BGR, Hannover) is to increase
the awareness and application of
environmentally sound spatial
planning with on the parts of
the Indonesian authorities
concerned.

INTRODUCTION

The development of urban
areas and their surroundings
which is especially rapid on the
island of Java, requires coor-
dinated spatial planning in ba-
lance with natural resources and
environment.

Greater Bandung has a population
of 3,5 million and a naturally

Actualized maps had to be deve-
loped at scale 1:100 000, which
in an easy-to-read form, allow
planners and decisionmakers a
profound judgement on the en-
vironmentally sound use of the
natural resources, on their
protection and on geological
hazard mitigation.

In the present final stage of
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the environmental geological
investigations are being pre-
sented to planning authorities,
for implementation in the area's
spatial planning.

DATA COLLECTION

During the initial phase of the
project the relevant environ-
mental geological data were
collected, compiled and eva-
luated. The following geoscien-
tific disciplines were involved:

REMOTE SENSING

Environmental geological
investigations call for ac-
tualized basic information
concerning landuse and a
specially prepared geological
map displaying the geodynamics
of the area under consideration.
The data used were drawn from
SPOT scene 286-364 acquired on 6
July, 1986. A landuse map was
prepared from which the
expansion of the city of Bandung
is clearly visible. It is the
growth of industrial sites and
associated densely built housing
complexes which progresses at
the expense of the officially
protected irrigated rice fields.

From the geological interpreta-
tion, the following salient re-
sults have been deducted:

the eastern part of Bandung
Basin is still subsiding
due to tectonic processes

- the lahar deposit on which
the town of Bandung is
b u i l t o v e r l i e s
unconsolidated and water
saturated Pleistocene lake
sediments

- fossil deltas have been
found at the southern part
of the lake which are
expected to contain
groundwater from the

southern watershed

- groundwater modelling of
the Bandung Basin has to
consider the southern wa-
tershed as the largest area
contributing recharge for
the basin.

An area in the Bandung Basin has
been found to subside most and
due to the intensive cropping of
irrigated rice is inundated for
almost the whole time. The
water-saturation of the upper
layers of sediments is consis-
tent with expectations so that
the underground conditions for
construction foundations are re-
garded to be poor. The latest
toll-road project, a four-lane
highway opened only a year ago
runs along the axis of this
zone. After the prolonged dry
season during 1991, the dam car-
rying the road suffered from the
drying out process and subsided
for a metre and more. The well
founded bridges along the high-
way remained stable leading to
the dislocation of the dam and
heavy damage at the fly-overs.

The water-saturated deeper un-
derground of Bandung City and
its environs poses a severe
threat to the stability of the
lahar deposits, which are of a
moderate quality only, with re-
gard to the load capacity for
high rising buildings. The lake
sediments underlying the lahar
are water saturated and the
groundwater under pressure from
the overload is even artesian.
If a major earthquake occurs in
the area to the south, where the
Australian Plate moves below the
Sunda Plate, shock waves will
accelerate when they reach the
island of Java. Once they reach
the water-saturated underground
of Bandung, the water might
start oscillating, releasing the
inner friction of the sediments
and heavy constructions could
start to float and swing in a
way, similar to the buildings in

V
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Mexico City, which caused
excessive damage during a quake
some years ago.

The area is further threatened
by the frequent landslides which
cause loss of life and property
every year. SPOT image interpre-
tation revealed large areas
which are especially affected by
landslides. Satellite image
interpretation was supported by
aerial photo interpretation to
study the nature of the
landslides and their exact
locations. It was found that
heavily populated ur— ban and
rural areas are in part located
at extremely endangered
locations. Modern suburban hou-
sing, which is very densely spa-
ced and extends in many cases
extremely close to cliffs, is
threatened in the near future by
landslides. Legislative action
is urgently required for these
cases.

GROUNDHATER DATA

Data was collected and evaluated
on groundwater resource, on
groundwater quality and the
hazards of groundwater contami-
nation. Based on this, a map was
compiled which shows the main
groundwater resources as well as
proposals for groundwater pro-
tection zones.

This compilation was partly
based on satellite image
interpretation. In particular,
the delineation of recharge
areas was emphazised by this
work.

Due to the dense population and
intensive landuse, groundwater
pollution is a major problem in
the Bandung Basin. Contamination
results from

- infiltration of untreated
domestic sewage

untreated industrial liquid

wastes

residues of fertilizers and
pesticides

leakage
disposals

from waste

INDUSTRIAL MINERALS AND ROCKS

In the Bandung Basin mining
activities are mainly concen-
trated on exploitation of con-
struction materials.

These activities are located in
the west and south of Bandung.
Cement factories consist of nu-
merous small furnaces. They col-
lectively affect large areas
with air pollution and have a
serious environmental impact due
to the uncontrolled deposition
of liqid waste in the surroun-
ding farmland.

There are two opposing aspects
of mining to be considered from
an environmental impact point of
view. Firstly, many resources
are essential for human commu-
nity development and their con-
tinued supply must be assured.
Secondly, mining deprives other
productive users of land.

All existing mining sites of the
Bandung Basin were analyzed and
weighted in terms of their envi-
ronmental impact.

Reserve areas for mineral re-
sources were identified as an
important step towards an envi-
ronmental impact assessment of
mining activities.

SOIL DATA

Soil data have been derived from
previous mapping. They can be
directly related to the current
landuse. Landuse mapping has
been actualized using SPOT image
interpretation. These data were
used in recommendation maps for
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future landuse in the Greater
Bandung area.

IANDSLIDB INVENTORY

So far, SPOT data only allows
the detection of large landslide
which resulted in significant
morphological changes. Such
areas can be found to the south
of Ban- dung, especially south
of the Central Java Divide.
However, most landslides are of
a scale covering 2 to 20 pixels
in the SPOT image, which is
insufficient for positive
identification. Identification
is also hampered by the rapid
recovery of the vegetation,
which makes the discriminiation
of typical small scale landforms
'impossible. Here, the use of
aerial photographs is strongly
recommended. These photographs
should be taken using a wide
angle or tele-lens with a focal
length exceeding 150 mm, in
order to reduce the heavy dis-
tortion of the hilly terrain
when using a super—wide angle
lense. A scale between 1:20,000
and 1:50,000 was found to be
suitable for a landslide
inventory. Such an inventory
would appear to be extremely
useful for stipulating the
proper legislature so neces-
sary to avoid further losses in
terms of private and public pro-
perty, not to mention human
life.

RESULTS

The investigation and compi-
lation of various data sources
finally led to a recommendation
map for future landuse in the
Greater Bandung area. Naturally,
this recommended landuse is in
part in a crass contrast to the
planned landuse changes in the
area. These plans aim at the
easy accessible irrigated rice
fields which still occupy larger
por— tions of the Bandung Basin.
Little to no emphasis is given
to the areas between the several
branches of the Saguling Lake
southwest of Bandung. There, al-
most no conflicting forms of
landuse have been identified.
However, in the case of the ir-
rigated plains south and south-
east of Bandung, these are theo-
retically protected against a
change in landuse by law, thus
forcing the planning authorities
to preserve intact such high-
yield areas with three crops a
year. Our own observations lead
us to propose the area southwest
of Bandung as the site for fu-
ture urban and industrial deve-
lopment, provided that the wa-
ters of the lake are given a
proper protection from untreated
sewage and related threats.
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ABSTRACT

The anthropogenic change and degradation of landscapes linked
with the decrease of agricultural and forestry areas and the
intensive land use in the open coal mining, mililary real estates
and waste sites are now fundamental environmental problems.
The availability and practical use of remote sensing data from
space tot environmental monitoring and recycling of such
suspected areas has been demonstrated on Inflicted sites in the
Eastern part of Germany.
The methodological approach of the assessment is based on
deriving environmental indicators like land use pattern, thermal
pattern, vegetation and other index from space remote sensing
data The multitemporal analysis and combination of these com-
plex indicators allow to recognize the environmental processes.

Keywords: environmental indicators, area recycling, waste
deposits, post-mining landscapes

1. THE ENVIRONMENTAL PROBLEM

One of the most important and actual environmental problems in
several countries is the anthropogenic change and degradation of
landscapes induced by urban and industrial development in
connection with highly Intensive use, consumption and loading as
well as the decrease of agricultural and forestry areas.
In Eastern Germany there exist large landscapes dominated by
open coal mining and their follow-up industries of energy
conversion and carbon chemistry. In the Lusation region these
mining landscapes comprise an area of more than 4000 km2. The
amount of excavation mass transport per day is about 360 000
m3 in the largest open coal mine of Welzow-South.
Other significant and extended environmental damages are
induced by old age deposits on abandoned waste dumping sites
and on military areas. Only the real estates of the former Soviet
Army in Eastern Germany amount to a total surface area of 2 300
km2 being about 2% of the territory of Eastern Germany (ReM).
All these industrial, military and old age deposits with large spatial
dimensions have led to pollution and destruction of landscapes
and degradation of soils, natural water bodies, vegetation and
subsoils as well as to the damages in the pedo-, hydro- and
biosphere and because of these existing contaminations to a
dangerous potential for the biosphere, soils and ground water.

The total number of such suspected areas with dangerous
potential in Germany has been estimated to about 50 000
•70 000. On the other hand these areas represent a valuable and
large area reserve for future utilization.
In such areas there Is a strong need for protecting the people and
the environment on the whole by means of appropriate
redevelopment activities and by area recycling.
In practice the concerned landscapes are subjected to dynamic
changes according to the following cycle process

Reutilization of
a newly created

type of landscape

Different steps of this process require a monitoring and
recognition complex of the investigated areas in various periods:
- inventory of natural conditions and their development in the

past and present
- preliminary assessment of the influence on the environment

and of the potential of danger
- monitoring of the snvironmental characteristics during the

recultivation process

- control of the redevelopment and recultivation stages in the
post mining landscapes

- assessment and inventory of the recycled landscape
concerning vegetation, soil and other characteristics.

2. DERIVING ENVIRONMENTAL INDICATORS BY
MEANS OF REMOTE SENSING

The main tasks of investigating the environment consists of
- large area assessment and documentation of the environmen-

tal situation
- control of environmental changing in a broad spatial-time scale

and

- Investigation of complex correlations of the exchanging
processes of material and energy between the various
environmental element.
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These tasks can be solved in a highly efficient matter by means
ot space remote sensing in connection with image processing and
geoinformation systems technologies. The significance of such
technologies doesn't concern not only the function of quality
assessment and documentation of the actual situation of natural
conditions resp. processes. The systematic acquisition, efficient
processing and problem oriented application of the information
represent a basic material both for ecological decision making
and environmental planning in various steps of landscape
changing and for an input in ecological data bases or information
systems as well as for applying in prealert systems.
Remote sensing is the prerequisite for
• the quantitative description, modelling, recognition of the

reasons of environmental change
• the prediction of how the ecological processes are conducted
and
• an efficient use of the follow-up expensive geophysical detailed

investigation.
Remote sensing as an effective contactless prerecognition
method is based on the measurement and the interpretation of
spectral radiation. Therefore environmental phenomena are
accessible by means of remote
sensing il there is an influence on the remission capability of «he
object surface. In fact the detection of environmental phenomena
is possible in most cases indirectly by means of the analysis of
the spectral radiation. In case of vegetation which contributes
directly to-the environmental processes there exist causal

connections between the spectral radiation and Hs
ecophysiological properties. The environmental hazards like soil
and air damages or contaminations lead to vegetation stress In
connection with changes in the cell structure and the chlorophyll
budget and therefore to a reduction of vitality and change of other
radiation features. Measuring these features by multispectral
remote sensing methods we may conclude from the spectral
signatures indirectly to the existence of vegetation stress
reasons.
In a more generalized sense the methodological principle of the
assessment of environmental conditions from remote sensing
data consists of the definition of the so called environmental
indicators (Fig. 1)like
- land use pattern
- thermal pattern
- vegetation index
- soil/water index
and others.
Such environmental indicators can be generated from remote
sensing data using the well known methods of data processing
and analysis.
The land use classification as "classical" work field of remote
sensing application over many years gives the best results by a
muttldata (multispectral and multitemporal) approach.
The thermal mapping is one of the rare examples where remote
sensing data gives quantitative Information In a direct way.

Remote
sensing

data

Mea-
surement

Data

proces-
sing

Spectral
signatures

Reference
data

Environmental
indicators

Multitemporal
analysis

Land use pattern

Vegetation index

Thermal pattern

Soil/water index

others

Environmental
conditions

and changes

• Degradation/succes-
sion/recultivation
processes

Geosystem dyna-
mics, landscape
changes

Waste deposit
processes

Tree and forest
damage processes

Soil contamination
changes

Urbanisation
processes

others

v I-

Influence

Rg. 1. The principle of the assessment of environmental conditions by means of remote sensing
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Thermal maps are ol interest for climatology and urban planning.
Besides the mapping of thermal immission in town regions
especially on industrial, transport and densly built residential
areas it \s possible to derive a relative index of the average
thermal immission for various city districts using the segmentation
of histogramms (Ret. 2).
The spatial differentiation of the actual growth resp. stress
conditions of vegetation is well represented by means of the
vegetation index generated from arithmetic combination of
radiation intensity in various spectral bands.
In case of land ecology applications good experiences were
established by means of the index

VM2 = GREEN * INFRARED / RED * RED
demonstrating clear differences of the canopy vitality (Réf. 3).
The sa ne principle can be applied to calculate features for soil
and water An interesting feature is the water index

WM2 = SWIR / MIR
The spatial structure, the conditions and the time dependence of
sucli indicators are represented in well known thematic maps or
can ba used as inputs in spatial environmental information
systems
On tho other hand the environmental conditions have an influence
on the spectral signature of the object surface.

3. REMOTE SENSING APPLICATION FOR AREA
RECYCLING

Bo1Ii the multitemporal analysis of the environmental indicators
and their combinations together with reference data allow a
characterization of the environmental situation and processes to
be made In particular the following relevant ecological processes
can be characterized using remote sensing data:
- land use changes and urbanisation processes
- geosystem analysis, landscape changes
- degradation and recultivation processes
- waste deposit processes
- soil contamination changes, erosion processes
- tree and forest damage development
and others

In the following some relevant examples are given related to the
application of remote sensing technology for monitoring of
devasted areas In Eastern Germany provided for area recycling.

Rg. 2. Open coal mining landscape in the Lusation region
KFA-1000 space photograph (3.6.1985), original scale
1 :280 000

Rg. 3. Stages of the recultivation process in the post mining
landscape Klettwitz (7.7.1989) derived from the land use
indicator (1-recultivation terminated, 4-open dump, 5-
demolition zone)

3.1. Monitoring of post-mining landscapes

The high dimension of the anthropogenic impact on the natural
conditions is visible very clearly from space (Fig. 2). In the open
mining regions the glacial soil layers with a 100 meter thickness
are moved to a new kind of landscape with new natural-
technogenic quality characterized by inhomogenous morphology
of soils, strong wind and water induced erosion and lack of
vegetation. The real changes in the natural conditions like
Increase and stabilisation of the ground water regime, soil
humidity and fertility, vegetation productivity (vitality) and their
ecological consequences of such landscapes are the object of
geoscientific research now.

The assessment of environmental conditions from remote
sensing data includes first of all the evaluation of the area
structure with a high intensity of land use and the quality
parameters for such areas over a long time period. That means
- the actual inventory of land use structures for ordering the

mining field into the natural position conditions and for future
planning aimed at the reconstruction of a well functioning
geobiosphere

- the quality analysis of

. the raw deposit soils concerning to the differentiation of the
homogenity by means of multispectral, thermal and vitality
analysis

. the vitality of vegetation
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!!IL- ccinplfx monitoring of the landscape dynamics following the
demolition or ^cultivation process (or structural and quality
assessment Fig 3 shows the various steps ot the recultivation
process deriving trom multispectral and mullite.iiporal analysis
of spacu remote sensing data

In addition to this significant indicator with regard to subject
matter there are the spectral signature (color) resp. vegetation
and soil index as well as the surface temperature. Especially the
last one is suited for detecting active zones in dumping areas
(Fig. 5).

1

32 Assessment of degradation sites

Firsl of all such areas are
- waste dumping sites and
• areas used by the military
Often they are accompanied by expanded destruction of
landscape soil and vegetation due to intensive land use as well
ds ot oil contamination
In order Io keep military areas secret until now the high resolution
space remote sensing data has been the only accessible
information for the assessment of the intensity of areal land use
rosp destruction, the localisation of especially critical zones, the
ecological situation inside of these unaccessible areas and its
influence on the surroundings Fig. 4 shows the expanded
destruction of landscape and vegetation in a military exercise
field

Fig 4. Military exercise field Dallgow-Dôberitz nearby Berlin
KFA-1000 space photograph (3.6.1985). original scale
1 280000

The mventr-y and damage assessment of areas suspected for
contamination is carried out by means of multitemporal
interpretation of aerial and space imagery in connection with
archived aerial photographs, topographic maps, factory
documentation and consultation of people. The time
dependence of the terrain morphology and land use structure are
investigated for suitable complex environmental indicators.
Especially the land use and its changes over the years becomes
an efficient indicator for the contamination potential.

Rg. 5. Thermal mapping of the waste dumping site Schôneiche
and the surroundings (Landsat TM 7.7.1989)

This method of inventory and assessment yields to information
regarding to areal distribution and its changes in space and time,
age and type of fill-up materials, type of detrimentatfon, the
correlation with the tipped materials and the impact for the
surroundings. As a result we can conclude the dangenng
potential and the need for actions. Such information becomes
valuable tor the efficiency of the following detail ground
recognition procedures and can reduce the costs for more than
50% (Ret.4).
Figure 6 shows a presentation of an investigated area suspected
for soil contamination with regard to the spatial distribution of
priorities for redevelopment activities by means of the very user-
friendly designed dig'rtal information system IRISWIN (Ref.5).
Such representation is suitable for spatial up-to-dating, analysis,
modelling and representation and can be made directly by the
user.

Fig. 6. Areas suspected for soil contamination in the BitterteW
region, presented by means of the GIS IRIS/WIN
Priorities for redevelopment activities: 1 •••

2
3
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.i 3 Particular technogenic damages ot soil and forests

Actual particular kinds ot technogenic impact of environmenlal
damages are the contamination of soils by machine oil and the

degradation of forests influenced by exhausted gases. The
inventory of masked damages caused by oil in areas covered by
vegetation is earned out based on the multispectral and color
infrared aerial photographs The vegetation stress marked by the
colour differences is a clear sign for such damage load. Following

KUHN (Ref 6) in case ot damages in the soils caused by oil
contamination a significant differentiation in relation to other
sources of changes in the spectral behaviour (soil humidity,
organic matter, tracks of soot) is possible in the wavelength
region 2000 - 2500 nm (Fig 7) and therefore can be detected by

means of programmable Airborne Imaqinq Spectrometers.
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Fig 7. Natural spectral signatures of soils (KUHN F., BGR)

The forest areas become increasingly important as a sensitive
indicator for the environmental situation (Ref.7). The investigation
of the vitality of pine forest characterized altogether by small
damages snows that it is possible to use such small stages of

forest damages for early recognition and for more detailed

analysis especially for finding the reasons. Fig. 8 gives the spatial
distribution of the immission of a chemical factory and the impact
on the vitality ot a forest in the predominant wind direction. The
vitality remcreases as a function of the distances from the
pollution source

Fig. 8. Forestry damages influenced by the chemical factory

Premnitz
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APPLICATION OF REMOTE SENSING TO ENVIRONMENTAL MONITORING IN POLAND

B.Ney

Institute of Geodesy and Cartography, Warsaw

ABSTRACT

Aerial panchromatic and false colour infrared photographs and thermal
scanner images were the first sources of information to study of environmen-
tal change in Poland since begining of seventies. Full range of available
satellite data-Landsat MSS and TM, SPOT, NOAA data, as well as Soviet
space photographs acquired by automatic satellites of COSMOS series and
manned space missions-are in use now. More than 200 research and appli-
cation projects have been completed during sixteen years of activity of the
Polish Remote Sensing Centre (IGiK-OPOLiS). These projects were con-
nected with forest appraisal studies, agricultural studies (soil moisture,
evapotranspiration,statislics),surveyson land use changes (including detai-
led studies of man-induced transformation of the environment) water and
air pollution studies. The geographical information system SINUS oriented
to monitoringof the environment at regional level has been developed at the
Centre ICiK-OPOLiS. Polish National Point of the GRID Programme has
been established in 1991. Many of our projects are conducted within the
INTERCOSMOS Programme. Now we are participating in establishing
PRIRODA Project. But we also started collaboration with ESA and natio-
nal space agencies in Western Europe and we hope, that ERS-I and another
programmes will be effective for environmental monitoring and studies in
our country.

Keywords: Remote Sensing, environmental monitoring

1. INTRODUCTION

Poland isa medium size (312000 sq km) country. Agricultural land covers over 60%
a ndforesics28%of the country's lernioiy.Ingeneralierms.theeconorayofPoland can
be described as based equally on industry and agriculture. Extractive industries (mining
of black and brown coal, sulphur and copper) and accompanying power and
manufacturing industries are concentrated in the southern part of the country.

The pollution of inland waters and lakes, air pollution and soil pollution in Poland is
among the highest in the world. Up to 50% of pollutants that can be detected in the air
over Poland originate from emitters located abroad. In concordance with prevailing
winds the most polluted part of (he country is the south-west. Almost complete
deforestation of the Sudety Mntns., is the most spectacular example of environmental
degradation in the whole of Europe.

In its present economic situation, Poland cannot afford to cover, singlehanded, either
the costs of installing environment-safe technologies or that of organizing and
maintamingmodem networks formonitoringenvironmentalchanges. Many developed
countries, and especially our neighbours, have realized the international aspects of
environmental pollution and decided to aid Poland. The recent political and economic
changes in Poland have convinced and encouraged many foreign governmental and
non-govermenta! institutions to negotiate the conditions of supporting environmental
control and monitoring programmes in Poland.

2. ROLE OFTHEPOLISH REMOTE SENSING CENTRE
IN ENVIRONMENTAL MONITORING

Environmental monitoringin Poland is coordinated, at the country level, bytheMinistry
of Environmental Protection, Natural Resources and Forestry. Various authorities,
responsible for monitoring water, air and soil pollution, land use changes and forest
status report there the data acquired mainly Aa networks of traditional measuring
stations.

The Polish Remote Sensing Centre has been organized in 1976, within ihe (stale)
Institute of Geodesy and Cartography in Warsaw, under Ihe nan» "Centre for
Proceeding of Aerial and Satellite Data" (hence the Polish abbreviation IGiK -
OPOLiS). Since 1991 its name is "Remote Sensingand Spatial Information Centre'. In
concordance with its terms of reference the Centre is bolh-rcsearch and application
oriented.

The Centre cooperates with other units of the Institute of Geodesy and Cartography:
programmetry and computer assisted cartography, with geography and surveying
departmenlsof many Polish universities andtechnical universities; with foreign remote
sensing centres in many countries. Many of our projects are conducted within
INTCRCOSMOS research programme.

The Centre employs 40 people. Out of this number, 25 are research and application
specialists with a background in photogrammctry, geography, hydrology, forestry,
agriculture, etc. and computer systems specialists. The majority of the staff has
undergone specialist training in leading remote sensing centres in Europe and North
America.

Our interpolation possibilities have been growing along the years.

Application of remote sensing techniques in Poland is best developed with respect to
forest appraisal studies, agricultural studies (soil moisture, evapotranspiralion),
surveys on land use changes(includmgdetaitedstudiesof man-induced transformation
of environment), water and air pollution studies. Aerial and satellite data is also used
for updating topographic maps.
Aerial panchromatic and false colour infrared photographs and thermal scanner
images were the first sources of information. Full range of available satellite data
(LandsatMSSand TM, SPOTandNOAAdala)as well as space photographsacquired
by automatic satellites of Cosmos series and manned space missions are in use now.

More than 200 research and application projects have been completed during the
sixteen years of Ihe centre's activity.

Forest studies have the longest tradition and are Ihe number one speciality of our
Centre. Quickly deteriorating ecological situation of Poland creates steady demand
four such studies. Traditional monitoring is supported by results of interpretation of
Landsat TM and SPOT data. Aerial photograps acquired in the scales 1:10000 to 1:25
000 on colour infrared film arc used for more detailed studies.

Researchon the stateofforestsin the heavily industrializedSudety Mountains (border
regions of Poland, Czccho-SIovakia and Germany) is of special importance to our
authorities. The emissions of brown coal burning power plants and numerous other
industries have resulted in unprecedented pollution and caused deforestation in the
region. All available data from archival aerial photographs, through Landsat to SPOT
images have been used for the preparation of a comprehensive environmental study
covering the period of 38 years.

The gradation of a dangerous insect, Lymanthia Monacha, on the territory of over 2.3
mln ha of forests in north-central Poland (Bory Tucholskie) has been followed for
several years (1977-83) with the use of aerial false colour infrared photographs.

In the years 1986-87 a team of our specialists has participated in the SPOT data
evaluation programme (PEPS). The usefulness of SPOT data for forest studies has
been evaluated for highly degraded forest stands (Sudety), potentially endangered
areas (Bory Tucholskie) and healthy Knyszyn forest in North-East Poland.

The environment around large KATOWICE steel plant has been monitored starting
from the planning stage, through construction and into the present time. Similar
scheme, also carried out with Ihe use of aerial photographs with support of satellite
data, is being followed in the case of BELCHATOW - the largest open-pit brown coal
mine in Europe, underground mining areas (Silesia) and urban centres (Warsaw,

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992)
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( Taciiw. Katowice) The results of such studies, presented on maps in scales from 1:1(1
(MMI to I S(K) (MMI are representative of our expertise m this field.

!.andsat MSS and I'M data have been successfully applied for surveying water
transparency and infcnng the values of chlorophyl and suspended sediment load.
Detailed monitoring of water characteristics requires, however, direct mcsuremcnts.
/Vi original method for accounting for various sun illumination conditions of the sea
•,urfacedurmgsaicllitc image acquisition has been developed in our Centre. Unas been
applied for the intercalation of muludaic I .andsai imagery1 of the Baltic.

The extent of industrial plumes originating from major emitters has been mapped for
the entire country with the use of multidatc I .andsat images. In ajomt project with the
Institute of Meteorology, Hydrology and Water Management in Warsaw photogram-
metric models of industrial plumes delected on satellite images have been compared
with model trajectories established on the bases of simulation of atmospheric disper-
sion processes. Research in this field m continued by specialists in atmospheric physics.

Soil moisture and cvapotranspiranon studies undertaken (with the use of aerial
photographs and ground measurements) at the end of 1970-ies, found I heir continu-
ation in 1987, when FAO has entrusted our Centre with the execution of a multidisci-
pltnary project "Remote sensing based system of dynamic grassland soil moisture
determination and yield forecasting". The project has the following objectives:
• development of a methodology for the determination of evapotranspiration, green
biomass and soil moisture in grassland and for monnormgof their changes, for the use-
in quantitative yield estimate modelling - on the basis of NOAA AVHRR, aerial
thermal infrared and field experimental data.
-establishment of aGeographic InfocmauonSysiem for grasslands, integrating cnsiing
topographic, soils and land use/cover maps, agromctcorological and water resources
data with remotely sensed information on quickly changing phenomenac (cvapotran-
^piration, teat area index, soil water deficit).

3 HNVlRONMKNTAl- INH)RMAIlON SYSTEM SINUS
AND ITS APPLICATION

A growing number of information dealing with environment need to be gathered as
unitoi'mly as possible. Alot of information oflhisk.ndexist m from of maps, tabular data
dcscnpi ions, expert appraisement and so on. However they are diffused among
different scientific and administration centers. I.ack of quick acccsstothat information
makes unable thcircffective using. Application of computcrtcchnology and methodo-
logy at Geographical Information Systems made possiblean efficient use of those data.
'Ilicscassumptionswasareason for claboraliunandcstablishmcmofan environmental
information system called SINUS (polish abbreviation).

'fhe largest unit of space division isa cell of size 10* 10' (longitudc/lalitude) which suits
in our geographical position to a quadrangle with approximate size of 12 km x 18 km.
Such box is devided into 54 fields (6 columns and 9 rows) size of 2 km x 2 km, called
first range units. Further division uses quad-tree n.cthod and allows Io divide whole
country into freely small fields. Fordatabase layout the smallest field has been assumed
and its size is 31.25 m x 31.25 m.

The mam sources of information for the system are thematic maps. Besides, remotely
sensed data and results of various surveys (e.g. from environmental monitoring) are
also subjects of data acquisition.

The SINUS system is capable of map joining and splitting so a user can establish the
most suitableextem of a local database. Anumber of projectionsare at the disposal for
coordinate calculation.

Maps are displayed by means of graphic monitors, line printers, as well as both fast and
precise plotters. Raster-organized data are usually converted to vector from in order
to be drawn by XY-plotters. Raster-vector conversion package enables to create
topologically imergrated vector-oriented database, which can be used for other than
just plotting applications.

The SINUS system is also equipped with data conversion tools enabling data transfer
fromitsdatabases (both vcctor-andraster-organized)towell known on the market CIS
packages and reversely. Among others, SINUS can cooperate in this way with ARC/
INFO, SPANS, ERDAS, PHOCUS DBMS (Zïiss Planicomp), ATLAS and
AutoCAD systems.

System SINUS is running in DOS environment and can be installed on IBM PC (/XT/
AT/AT 386) microcomputers. It can be implemented for many configuration! with a
variety of graphic cards, digitizers and plotters.

SINUS is a tool system useful for many tasks related toacqulsition, storing, processing

and displaying spatial daia. One can mcnlion several possible applications, such as:
- processing daia being collected in environment monitoring network (e.g. network
recording air polunons or range of forest degradation),
- acquisition and processing data on distribution and space changes occunng inside
particular classes of plants or animals as well as factors which influence that changes,
- acquisition data on chosen elements of environment (e.g. types of soils, relief,
climancal features, landusc, moisture changes) and examination of relationships
between them,
- spatial data analysis leading to forecasting for example plant crops, soil erosion or
environment hazard.
- msiant cartographic presentation of environmental data in the way chosen by user.

SINUS can be organized for freely extent, n means we can make system al country
extent, regional or local extent. In SINUS database we can store data dealing with:
- elementary environment components for the whole country,
- chosen environment elements in extent of one catchment or one administrative
district,
- other spatial data complementary to environment elements, e.g. socio-economic
statistics at any level of tcntorial extent.

The SINUS S)1SiCm is regarded as a tool for establishing national datbase on environ-
ment ofourcountry. Inihcmomcntsevcralthemaiiclaycrscovenngihcenure territory
of Poland have been created by means of SINUS. They arc:
- admimstraiivc division,
- StMlS,

- geomorfology,
- landuse,
- mam reservoirs of underground waters,
- forest administration division,
- hunting units.

'Chcy refer to the whole country and were Morcdcxact with resolution 2 km x 2 km. '!lie
Umdusc layer is additionally stored at the resolution I km x 1 km and 500 m x 500 m.

'Hie collected sets of information serve already 10 analyse natural environment state
and its deformations caused by human activity. A group of experts in ecology uses
intensively the SINUS facilities in order to determinate ecological regions m Poland.

'!lie National Monitoring System hccing organized by the Mimsiry of Hnvironmcmal
Protection, Natural Resources and Forestry will use .VWfS for data georcfcrcncing,
siurtng spatial daca and processing them for the purpose of evaluation of the slate of
environment. The above mentioned national .sets of spatial information will be moslly
supplemented by data from monitoring network as well as by other topics like terrain
elevations or catchment areas.

Data collected in SINUS databases and the system resources arc use in new centre of
Global ResourcesInformalionDalabase(GRID-Warsaw)which has becncstablished
in Warsaw by UNI-P in 1991.
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LAND COVER, AN ESSENTIAL COMPONENT OF THE CORINE INFORMATION
SYSTEM ON THE ENVIRONMENT. GIS IMPLICATIONS

M-H. Cornaert, J.Maes

Commission of the European Communities, Brussels.

ABSTRACT

From 1995 to 1990 the Commission of the European Communi-
ties has implimented the Corine Programme (Coordination of
IN formation on the Environment). The results of this Programme
will constitute an essential input to the setting up of the European
Environment Agency.
The Results are of three types:

• european expert networks used to work together at com-
mon targets;

• common methods and nomenclatures;

• a series of thematic data bases integrated in the Corine
Geographical Information System

The main GIS data sets concern biotopes (sites of important for
nature conservation), soil quality and erosion risk, coastal ero-
sion risk, emissions into the air, land cover as well as geographic
and socio-economic background information.

The use of these data in a GIS environment, linked to data base
management and statistical packages, provides a powerful! tool
for the generation of information for environment and physical
planning policies, at Community, national and regional levels.

• Member States in the field of environmental informa-
tion. As a result of this activity, and indeed of the whole
Programme, several groups of international scientists
have been working together towards agreed targets and
now share a pool of expertise on various themes of
environmental information and, perhaps more impor-
tantly, have gained mutual understanding.

In 1990, a regulation2 was adopted which establishes the Euro-
pean Environment Agency (EEA). However, the entry into force
of this regulation has been made dependent of the choice of the
EEA seat, a decision which is still awaited. In the meantime a
Task Force has been created within the Commission of the
European Community's Directorate General for the Environ-
ment, which is in charge of the technical aspects of the prepara-
tion of the setting up of the EEA, including maintenance and use
of the CORINE Information System. In 1991, it was decided3 to
extend three main CORINE inventories (Biotopes, Corinair and
Land Cover) to the Central and Eastern European Countries. A
number of EFTA countries have also expressed theii interest to
join these inventories.

BACKGROUND

From 1985 to 1990, the European Commission has realized the
CORINE Programme (Coordination of Information on the Envi-
ronment). The results' are essentially of three types, correspond-
ing to the three aims of the Programme:

• An Information System on the state of the environment
in the European Community has been created (the
CORINE system). Itiscomposedofaseriesof data bases
describing the environment in the European Commu-
nity, as well as of data bases with background informa-
tion (see Table 1). This system is being used in the
orientation and application of the Community's environ-
ment policy, as well as for other Community policies.

• Nomenclatures and methodologies were developed for
carrying out the Programme, which are now used as the
reference in the areas concerned at the Community level.
This approach has also gained use in Non-Member States
(e.g. Corinair and Land Cover methods and nomencla-
tures in countries of Central and Eastern Europe).

• A systematic effort was made to concert activities with
all the bodies involved in the production of environmen-
tal information especially at international level. Agree-
ments were concluded which made possible to establish
common methodologies and optimize data gathering
(e.g. with the Council of Europe and the OECD). The
CORINE programme was also a decisive factor in im-
proving, or even establishing, co-ordination between

7) Results of the CORINE Programme, Communication of the
Commission to the Council and European Parlement, SEC (91)
958final.
2) Council Regulation 1210/90, OJ L120 of11.05.1990
3) Conference of the European Environment Ministers, Dobris
Castle, June 1991.
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Table I: Contents of the CORINE Information System

Theme Nature of the information Description Volume of information
Mbytes

Resolution/scale

THE GEOGRAPHIC BASE

Coastline and national
boundaries

Administrative units

Administrative
boundaries

Water pattern

Slopes

Settlements

World map

Transport network

NATURE

Biotopes

Designated areas

Natural potential
vegetation

Theme

LAND

Soil types

Climate

Land quality/important
land resources

Soil erosion risk

Coastal erosion

Land cover

AIR

Emissions into the air

Coastline and national boundaries
(Community and adjacent territories)

EC NUTS regions (Nomenclature of
territorial units for statistics)
4 hierarchical levels

SOEC localities database extending
NUTS to level IV and level V
(communes)

Navigability, categories (rivers,
canals, lakes, reservoirs)

2
Mean slope per km (southern
regions of the Community)

Name, location, population of
urban centres > 20 000 inhab.

Coastlines, country boundaries
and rivers (planet)

Road coverage EC + CH. A

Location and description of
biotopes of major importance
for nature conservation in
the Community

Location and description of areas
class! fled under various types of
protection

Mapping of 140 classes of potential

Nature of the information

320 soil classes mapped

Precipitation and temperature
(other climatic variables:
some data incomplete)

Assessment of land quality by
combining four sets of factors: soil,
climate, slopes, land improvements

Assessment of the potential and actual
soil erosion risk by combining four sets
of factors: soil, climate, slopes,
vegetation

Morpho-sedimentological
characteristics (four categories).
presence of constructions,
characteristics of coastal evolution:
erosion, accretion, stability

Inventory of biophysical land
cover, using 44 class nomenclature

Tonnes of pollutants (SOj.NOx, VOC)
emitted in 1985 per category of
emission: electric power station,
industry, transport, nature,
oil refineries, combustion

62734km

829 NUTS-regions digitised

Benelux countries:
1 421 communes

49 141 digitized river segments
983 digitized river segments

2
1 value per km , i.e.
800 000 values

1 542 urban centres

196 countries

27 050 road segments

5 600 biotopes described,
according to approx. 20
characteristics
Boundaries of 440 biotopes
computerized (Portugal,
Belgium)

1 3 000 areas described according
to approx. 1 1 characteristics
(file being completed)
Computerized record of the
limits of the areas designated
in compliance with Article 4 of
Directive 409/79/EEC on lite
conservation of wild birds

2 288 homogeneous areas

Volume of information
description

15 498 homogeneous areas

Mean monthly values for
4 773 stations

170 000 homogeneous areas,
southern regions of
the Community

180 000 homogeneous areas,
southern regions of
the Community

17 500 coastal segments
described

Vectorized database for
Portugal, Luxetnbourg,Spain,
the Netherlands

1 value per pollutant, per
category of emission and per
region, phis data for 1 400 sources
i.e. W- 200 000 values in total

0.3
3.2

A.8

1.5

13.8
0.3

45.0

0.1

1.5

6.5

20.0

10

6.5

2.0

Mbytes

9.8

7.4

30.0

40.0

25.0

300.0

2.5

1/3000000
1/1000000

1/3000000

1/500000

i/ioooooo
1/3000000

1/100000

Location of
centre

1/25000000

1/1000000

Location of the
centre of the site

1/100000

Location of the
centre of the site

1/100000

1/3 000 000 vegetation

Resolution/scale

1/1000000

Location of
station

1/1000000

1/1000000

Base file:
1/100000
Generalization:
1/1000000

1/100000

Regional (NUTS UT)
and location of large
emission sources
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Table 1, continued

Theme

WATER

Water resource»

Suffice fresh wuer
quality

SOCIO-ECONOMIC DATA

Socio-economic
activities

Air traffic and
airports

Nuclear power stations

Areas designated under
Community policies

Nature of the information

Location of gauging station,
drainage basin area, mean and
minimum discharge, period: 1970-85,
for ItW southern -sgions of the EC

Annual values for 18 parameters,
1 13 stations, for 1976-86,
supplied in compliance with
Directive 77/795/EEC

Statistical series extracted
from the SOEC-Regio database.

Name, location of airports, type
and volume of traffic (1985-87).

Capacity, type of reactor, energy
production.

Eligibility for the structural Funds
Eligibility for the Inlerreg-initiative

Description Volume of lnfoimallon
Mbytes

Data recorded for 1 061 gauging 3.2
stations, for 12 variables

2034records/yrar 0.2

Population, transport, 40.0
agriculture, etc.

254 airports 0.1

97 stations, update 1985 0.03

309 regions classified 0.01
219 regions classified 0.01

Resolution/scale

Location of
gauging station

Location of
station

Statistical units
NUTS n and
NUTS m

Location of
airport

Location of
station

Eligible regicns
NUTS regions

\

THE LAND COVER PROJECT

Framework and objectives

One of the major tasks undertaken in the framework of the
CORONE programme has been the establishment of a compu-
terized inventory on the land cover. Data on land cover is neces-
sary for the Environment policy as well as for other policies such
as Regional Development At the same time it provides one of the
inputs for the production of more complex information on other
themes (soil erosion, emission into the air by the vegetation, etc.).

The objectives of the project are:

- to provide those responsible for and interested in the
European policy on the environment with quantitative
data on land cover, consistent and comparable across
the Community;

- to prepare one land cover data base for the twelves EC
countries (2,36' million Km2), at an original scale of
1:100,000, using the 44 classes of the CORINE nomen
clature;

- to extend the work to other European and North African
countries.

Organisation

Co-ordination: EEA - Task Force CEC, Brussels, together with
Member States administrations.

Realisation: Land Cover teams in the Member States and
regions, co-ordinated by the Project Leader (see Table 2).
Assistance on technical problems: CORINE Land Cover Tech-
nical Team.

The methodology

The analysis made at the ,finition phase of the project
showed that, contrarily to the situation met by the other
CORINE projects, it was not possible to rely on available data

to realize a Community-wide inventory on land cover.
Existing inventories were either too specific (e.g. agricultural)
or covering small areas. As a result it was not possible to
simply assemble them in order to create a consistent and
comparable information useful to EC policies. In addition,
several countries were about to launch similar initiatives.
These conditions largely determined the characteristics of the
Land Cover Project (i.e. nomenclature and scale).

The methodology consists of the computer-assisted
photointerpretation of Earth observation satellite images, with
the simultaneous consultation of ancillary data, into the catego-
ries of the CORINE Land Cover nomenclature.

The nomenclature distinguishes 44 classes, which are grouped in
a 3-level hierarchy (see Table 3). The main level categories are:
artificial surfaces (cities, etc.), agricultural areas, forests and
semi-natural areas, wetlands and water bodies. Each country can
add supplementary 4th and 5th hierarchical levels, according to
its special conditions and priorities, but the first three levels are
identical for all countries.

Earth observation satellites provide regular objective reference
data Ui digital form. They constitute, along with the derived paper
prints, the basic information sources.

Interpreting the pictures: the photo-interpreters work on trans-
parent plastic overlaid on the 1:100,000 satellite images. They
oulline land units and classify them into cover types according to
tba nomenclature. The smallest areas included are of 25 hectares.
The interpreters are assisted by a computer image processor,
which can reveal extra details and resolve ambiguities. Ancillary
data (maps, air photos, statistics, local knowledge) are essential
to help identify and confirm the contents of certain land units
which have been recognised on the images.

Checking the results: the results ate verified after the interpreu-
t! ,n phase (quality control).

V I-
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Table 2: The Land Cover nomenclature

LEVELl LEVEL2 LEVELS

. ARTIFICIAL SURFACES 1.1. Urban fabric

1.2. Industrial, commercial and
transport units

1.3. Mine, dump and
construction sites

1.4. Artificial, non-agricultural

vegetated areas

1.1.1. Continuous urban fabric

1.1.2. Discontinuous urban fabric
1.2.1. Industrial or commercial units
1.2.2. Road and rail networks and associated land
1.2.3. Port areas
1.2.4. Airports
1.3.1. Mineral extraction sites
1.3.2. Dump sites
1.3.3. Construction sites
1.4.1. Green urban areas
1.4.2. Port and leisure facilities

2. AGRICULTURAL AREAS 2.1. Arable land

2.2. Permanent crops

2.3. Pastures
2.4. Heterogeneous

agricultural areas

2.1.1. Non-irrigated arable land
2.1.2. Permanently irrigated land
2.1.3. Rice fields
2.2.1. Vineyards
2.2.2. Fruit trees and berry plantations
2.2.3. Olive groves
2.3.1. Pastures

2.4.1. Annual crops associated with
permanent crops

2.4.2. Complex cultivation patterns
2.4.3. Land principally occupied by agriculture,

with significant areas of natural vegetation
2.4.4. Agro-forestry areas

3. FOREST AND
SEMI-NATURAL AREAS

3.1. Forests

3.2. Scrub and/or herbaceous
vegetation associations

3.3. Open spaces with little or
no vegetation

'U.I. Broad-leaved forest
3.1.2. Coniferous forest
3.1.3. Mixed forest
3.2.1. Natural grasslands
3.2.2. Moors and heathland

3.2.3. Sclerophyllous vegetation
3.2.4. Transitional woodland-scrub
3.3.1. Beaches, dunes, sands
3.3.2. Bare rocks
3.3.3. Sparsely vegetated areas
3.3.4. Burnt areas
3.3.5. Glaciers and perpetual snow

4. WETLANDS 4.1. Inland wetlands

4.2. Maritime wetlands

4.1.1. Inland marshes
4.1.2. Peatbogs
4.2. !.Salt marshes
4.2.2. Salines
4.2.3. Intertidal flats

5. WATER BODIES 5.1. Inland waters

5.2. Marine waters

5.1.1. Watercourses
5.1.2. Water bodies
5.2.1. Coastal lagoons
5.2.2. Estuaries
5.2.3. Sea and ocean

•
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Figure 2: State of progress

Digitising the maps: the land units are digitised in a topologically
structured format, so that the final data can be integrated with the
other CORINE data sets.

The realisation of the Project

The feasibility study: coping with Europe's diversity
A feasibility study was carried out over a period of one year,
starting in autumn 1985. Teams of specialists tested the validity
of a proposed nomenclature and the possibilities of computer-
assisted interpretation (Landsat MSS images at scale 1:100.000)
for mapping land cover. Test areas were chosen in 10 regions
representative of the diversity of the territory of the Community
(See Figure 1). The results were positive and led to a pilot project
in real size.
The pilot Project "Portugal"
The pilot project was realized jointly by the Commission and the
Portuguese Secretariat of State for the Environment in 1987. The
quality control showed the weakness of MSS data and the work
was intensively revised in 1989 on the basis of the TM images.
In addition to the quality control performed as part of methodol-
ogy, validation exercises have been conducted in certain regions

which demonstrated that the quality of the results allow their use
for scientific and policy purposes.

Progress to date
The project has been completed in Luxemburg, Portugal, Spain
and the Netherlands. Work is in progress in South of France,
Greece, Italy and Tunisia. It is now starting in Denmark, North-
ern France, Republic of Ireland and Northern Ireland, Germany,
Austria, Finland, Czechoslovakia, Hungary, Poland, Bulgaria,
Romania and Morocco (see Figure 1). Other countries such as
Norway and Sweden have expressed their interest in joining the
project.

Updating
Needless to say the value of a data base on land cover largely
depends on its capacity to inform on land cover changes. A
method for updating the CORINE Land Cover data base is being
developped at the Institute of Remote Sensing Applications of
the Community Joint Research Centre.

Co-ordination
A strong element of co-ordination is required if the information

Table 3: Some characteristics of the geographical component of theCORINE Land Cover data base (France: figures are provisional
awaiting elimination of areas smaller than 25 ha)

Portugal
France-Aquitaine
France-Corse
France-PACA
Espafia (South)
Nederland

Number
of polygons

24910
55728
5644
22469
50074
8389

Numbers
of points

1271561
1122734
223232
645085
1165436
280273

Disk Storage
Mbytes

19.7
24.6
4.1
11.9
23.9
4.8

Total Area
mapped (km2)

91708
48164
8760
34182
120400
42124

Mean polygon
size Ocm9)

3.70
0.86
1.55
1.52
2.40
5.02

j
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Figure 2: Distribution of the size of the land units areas according to cover types.
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is to be consistent across the Community and beyond. The role of
the Project Leader's Technical Team is to ensure that the agreed
common methodology and nomenclature are used and imple-
mented in a consistent way. The co-ordination also ensures
pooling and sharing of expertise. CORINE and COMETT (Com-
mission programme on Training for Technology) have collabo-
rated on the training of interpreters.

Funding
The variety of sources of funding for the project, additional to the
CORINE budget, reflect the range of interested users who are
aware of the value of the data base and have decided to invest in
it. The European Regional Development Fund has contributed to
the Project in Spain, France, Denmark, Germany and Ireland.
The MEDSPA Programme contributes, together with the World
Bank to the realisation of the Project in the Maghrebian countries.
The PHARE Programme supports the implementation in the
Central and Eastern European countries. National programmes
also share the costs.

DATA PROCESSING ASPECTS

Data automation

The development of the CORINE information system entails a
number of actions:

• Harmonisation of classification schemes, legends, envi-
ronmental parameters and criteria.

• Standardisation of coding (geographical and non geo-
graphical codes)and naming, as well as the uniformisation
of data definitions and data relations (data dictionary).

• Integration of data layers with explicit georeferencing
(e.g. Land Cover) and standard reference data bases. The
management of the geographical component of the data
base and the link to related files is performed with a
Geographical Information System (GIS).

The conversion of the photo-interpretation results into digital

form is a major task of the Land Cover project. It is essential to
valorize and optimize the use of the data collected, to present
maps at different scales, to derive thematic products, to serve as
basis for pluri-media applications, environmental assessment,
analyses and modelling. Over two thousand map sheets will
result from the Land Coverproject, representing around 2 mil lion
land cover units to be digitized. Automation and integration of
these data is an undertaking of a size and complexity hardly met
so far in GIS projects.
Data management

GIS are indispensable for the management and exploitation of
Land Cover data as well as for CORINE data in general. The
CORINE information System, as developed for its environment
data management, shows following characteristics:
- accurate vectorial data definition,
- topological structure, including neighbouring information,
- integration of geographical data with relational data bases,
- system independent data base, with full flexibility for data
interchange.

Data consistency is a major point of attention when bringing
together data from different mapping and automation sources.
One of the major preoccupations is to make sure that the land
covermapofEuropebecomesone, seamless, database. Ensuring
that area delineations are continuous across boundaries of map
sheets, regions and countries, as well as ensuring a consistent
coding is a major task of co-ordination/correlation and data
management. Projection uniformization forms integral part of
this procedure, and is essential in order to match together coun-
tries and regions.

The geographic Land Cover data bases are large. The uses made
so far of the data base have clearly shown that for a number of
European, or even national-wide uses, generalized versions of
the Land Cover data base are needed. At data management level
thesedifferent versions have to bestoredandkept consistent with
each other; which gives rise to the need to define generalisation
procedures. Automated procedures can serve in line weeding
(greater distance between line vectors), elimination of smaller
polygons or shape factors, reclassification or filtering proce-
dures.

1
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Table 4: Land Cover Statistics

\w

1

; Land Cover Class

I I l T(XIiIUOIiS urb» fable
1 1 2 Discontinuous urbaa fabric
1 2 I Industrial or commercial units

I I :.' «aid and rail K»uks am]
associated laid

123PaIAmS
1 : 4 AMJWU
I 3 1 Mineral eilncuon sites
I 3.2 Dump sites
mCaislnicliorisiles
14.1 GfMiuitu areas
1 4 2 Sport and tenure facilities

2.1 I Naa-imialed arable tad
2 1 2 Pennuwally jrritaled lind
215Ricefields
2.2 1 Vineyards
2 2 2 Fruit trees and beny

pian tuions
2 2.3 Dliw graves
23IPaSlUiB
2 4 I Annual cropcassodaKd will)

périment crops
2.4 2 CaDpkx cullivalioo paneras
2 4 3 Land principAlly occupied by

agriculture, wilû situ'licut
areas of nalural vegetation

2 44 Agro-forestry areas

3 I.I Broad-lawd forest
3.1J Collerais forest
3 1 3Mi«ed forest
3.2.INatunl(nsiland
322Moonaodbcatli]aDd .
3 2 3 SdcrcpbyBousvuelaliai
3 2.4Tmisiliooal «oooTand-saub
3.3 1 Beaches, dunes, suds
33JBm rocks
3 3.3 Spinely wttlaled anas
3.3.4 Bun» IKM
3 3 5 Glaciers and perpsrual SDOW

4.U Inland trarsbts
412PnIbO(S
42ISaltmanbes
4 J 2 Salines
4 2 3 Imeitidal OaU

S.I I Water comes
5 l2Waler bodies
5 2.1 Contai Utoons
SJJ auar ies^
SJ.3 Sa aad ocean

Portugal

«ret
H-JjPfCd

20728
80491
9569
11»

752
3216
4799
233

1519
2SI6
2222

1491704
28693
50474

27586(
80002

328196
12739

546073

426SI6
811765

590709

1052730
767238
657516
272418
482927
165619
432060

21582
83970

O
75302

O

655
94

17199
7611
230

21233
28817
2729

48805
O

»of
area

mapped

0.2
09
O l
OO

OO
OO
Ol
OO
OO
OO
0.0

16.7
0.3
0.6
31
09

3.7
O l
6.1

48
91

6.6

11.8
8.6
7.4
3.1
5.4
1.9
4.8
0.2
0.9
0.0
0.8
0.0

0.0
0.0
0.2
O.I
0.0

0.2
0.3
0.0
0.5
0.0

Espaça
Andalusia

•ret
maged

44017
27486

9101
3257

1136
1871

I24W
1563
20;
107

1186

1797514
428298

37068
45851
25216

I0<0616
O

1556

256630
188268

567861

520672
427077
26713

359210
1773

839909
225277

10036
30000

316314
2050
2090

MOM
O

11973
9439
690

17176
42113

O
8951

O

«of
IfM

mapped

0.6
04
O l
0.0

OO
OO
OJ
OO
OO
OO
OO

244
58
0.5
06
0.3

14.1
0.0
0.0

3.5
2.6

7.7

7.1
5.8
0.4
4.9
0.0

11.4
3.1
O.I
0.4
4.3
0.0
0.0

0.5
0.0
0.2
O.I
0.0

0.2
0.6
OO
0.1
0.0

Espina
Centra

uea
mjjjed

33133
40677
8188
1267

O
2911
3690
890

35(6
1114
1706

!702607
252311

264
216337

10615

195247
31501
1369

416900
310900

494656

471088
754681
99730

767612
O

062805
72476«

3022
11124
47553

629
O

1292
O
O
O
O

3003
22093

O
1369

O

«of
area

mapped

04
05
O l
0.0

OO
OO
0.0
0.0
OO
OO
0.0

31.1
2.9
0.0
2.5
O.I

a
0.4
0.0

48
3.6

57

5.4
87
1.1
8.8
0.0

12.2
8.3
0.0
O.I
0.5
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.3
0.0
0.0
0.0

France
Corse

area"fsr1

1405
10431

516
23

53
957
430

17
87

O
541

11530
7

28
20161
4651

45
10135
1763

21244
39793

1839

46876
19910
73055

144527
01127

215060
51121

1389
31851
53705

257
O

658
25

893
IS

O

O
551

3121
O
O

«of
area

mapped

0.2
1.2
0.1
OO

0.0
O.I
OO
0.0
0.0
0.0
O.I

1.3
0.0
0.0
2.3
0.5

0.0
IJ
02

24
4.6

0.2

5.4
2.3
8.4

16.6
11.9
24.6
5.9
0.2
36
6.2
OO
OO

0.1
0.0
0.1
0.0
0.0

0.0
O l
0.4
0.0
0.0

France
Sudest

•w4

8792
92758
14161
2441

1300
3868
6032
239

3222
548

4708

225475
1259
6586

197927
50210

5882
40878
8560

255611
65934

1336

316089
261217
360547
337732
84028

213515
131833

7808
152316
149947
11027
12196

1557
O

21072
2449

15

7498
8123

39577
O

49

«of
area

mapped

0.3
3.0
0.5
O l

0.0
O.I
02
0.0
O.I
0.0
0.2

7J
0.0
OJ
6.4
1.6

0.2
1.3
0.3

8.2
2.1

OO

10.1
8.4

11.6
10.8
2.7
6.9
4.2
0.3
4.9
4.8
0.4
0.4

0.0
0.0
0.7
O.I
0.0

02
0.3
1.3
0.0
0.0

France
Aquitaine

area0SSF
11X12

152582
15834
2001

246
2904
6260
209

2394
1224
7016

1256780
116

O
180796
14374

O
346851

8282

382007
63564

2274

565823
1 105488
263640
193714
40962

114
10329
7302

49046
39257

135
996

WO
357

1816
2

18341

15595
26078

112
10830

O

«or
area

mured

OJ
3J
0.3
0.0

0.0
O.I
0.1
0.0
0.0
0.0
O.I

26.1
0.0
0.0
3.8
0.3

0.0
7J
OJ

7.9
1.3

0.0

11.7
230
5.5
4.0
0.9
0.0
02
OJ
1.0
0.8
OO
0.0

OJ
0.0
0.0
0.0
0.4

0.3
0.5
0.0
OJ
0.0

Luxembourg

"Wf"

1286
13456
1981
139

O
443
251
661
40

O
109

28762
O
O

2145
91

O
22067

1708

62828
26565

O

35116
9587

51264
543

O
128
87

O
O
O
O
O

O
O
O
O
O

578
393

O
O
O

«of
area

napped

0.5
SJ
08
O.I

0.0
OJ
O.I
0.3
0.0
0.0
0.0

11.1
0.0
0.0
0.8
0.0

0.0
8.5
0.7

24.1
1OJ

0.0

13.5
3.7

19.7
OJ
0.0
0.0
0.0
0.0
0.0
0.0
0.0
OO

0.0
0.0
0.0
0.0
OO

0.2
OJ
0.0
0.0
0.0

Nederland

area1W
267002

16382
40538
4954

77»
6566
4790

353
16565
8009

28876

967965
O

80
268

13877

O
1230991

471

638366
122245

O

57585
210979
110328
31471
54920

O
60S

19608
15

O
O
O

27729
259

7815
O

2756

45937
262831

3028
224357

O

«of
area

mapped

6.0
0.4
0.9
O.I

OJ
0.1
0.1
0.0
0.4
0.2
0.7

21.8
0.0
0.0
0.0
0.3

0.0
27.7
0.0

144
2.8

OO

1.3
4.8
2.5
0.7
IJ
0.0
0.0
0.4
0.0
0.0
0.0
0.0

0.6
0.0
OJ
0.0
0.1

1.0
5.9
0.1
5.1
0.0

[8908658l 100 I 173817931 100 I [87006141 100 1 | 872799 I 100 \ |3I1632S| 1001 |48I5905| 100 1 I 2602291 100 \ [44362711 100 \

It should be noted that the areas mapped do not necessarily correspond to the administrative regions, since land cover data sets are not
always yet available for the entire regions.

Due to the characteristics of the data base, some data processing

limitations have been encountered:

i) data transfer via commercial interchange standards has
been experienced, although translators are available, to

give rise to practical limitations: some standard param-

eters such as maximum number of points per polygon or

number of line segments per polygon have been exceeded

at many occasions;

Figure 2: Forest types and urban areas in the southern regions of

Spain and Portugal.

ii) data sets are large, setting the need for physical data

splitting (tiling) according to a regular grid or regional

definition; which of course does not exclude from the need
iii) to ensure data consistency;

transferof geographical dataovertelecommunicationKnes

is and remains a heavy duty task;

iv) integration with basic geographic data was not feasible
since no European-wide data base on topography is avail-
able with the detail and the resolution corresponding to the
Land Cover data base.
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EXAMPLESOFUSE
OF THE LAND COVER DATA BASE

The CORINE Land Cover data base has recently become avail-
able for large transfrontier portions of the territory of the Euro-
pean Community. Although its exploitation is just starting, it
already offers the potential for a wide array of uses. It can be used
on its own for simple cartographic or statistical presentations and
more generally in combination with other data sets (spatial
analysis, modelling, etc.).

Mapping the land Cover of a territory
The data base may be used to produce thematic maps. At scales
between 1:100.000 and 1:400.000 it is possible to represent the
whole range of the 44 land cover classes, which requires a rather
sophisticated legend combining colours and patterns. Particular
themes can be extracted and mapped (see Figure 3).

Generating statistical overviews
A typical function offered by CIS systems is the computing of

Figure 3: The variation of Land Cover according to altitude in
Portugal

areas, which "Jlows to present the data in the form of statistical
tables (Table 4).
The CORIKE Land Cover nomenclature is specially designed to
respond to environmental policy needs. The nomenclature al-
lows to identify a number of types of land cover which are of
primary importance for nature and landscape protection. Table 5
shows for example that agro-forestrylandscapes, complex culti-
vation patterns, mixed agriculture and nature areas occupy very
significant parts of the territory of the southern regions of the
Community.

Combining data sets
By overlaying the land cover data base with other ones one can
analyse the land cover characteristics of certain areas.
Figure 3 shows how the types of land cover are distributed at
different altitudes.Simulary, one can olso compare the land cover
within some hundred biotopes of major importance fornature con-
servation with the land cover of the whole territory of Portugal.

Comparing the land cover in Corse with the potential vegetation
shows that natural areas are present in the same proportions in the
different classes of potential vegetation, whilst agricultural and
forest areas concentrate to certain classes of potential vegtation.
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each commune. One can depict the "character" of certain com-
munes, for certain classes of cover, for example forest, semi-
natural or urban

Land cover data constitute an essential input for the preparation
of synthetic information or for the obtention of data which cannot
be measured directly. Figure 11 illustrates one such example. In
the mediterranean regions, organic volatile compounds, which
comprise atmospheric pollutants, are also emitted by vegetation.
For example, in Portugal, 199.117 tons of VOC, were emitted in
the air in 1985, of which 32,6% by vegetation, 26,2% by evapo-
ration of solvents and 26,7% by road transport. The land cover
data base supplies the area covered by different types of vegeta-
tion. The emitting activity of the vegetation is obtained by
combining an emission factor specific to the vegetation type with
climatic data from the CORINE data base. The annual emissions
by area of vegetation can then be calculated, and transposed to
administrative units or grid cell.

Contributing to the preparation of more detailed or
specific inventories

The Land Cover data base at 1:100.000 is very useful for the
preparation of more detailed or specific inventories. It can help
focussing these inventories upon areas of concern, avoiding to
have to study the whole territory, and thus saving financial and
human resources.

For example, in order to check the results of an inventory of
arable land made by remote sensing in Portugal in the framework
of the Community MARS Programme (evaluation of crops),
locations must be chosen for the ground truth control (figure 12).
It is possible to chose these locations randomly over the whole
territory. However given the scattered pattern of land cover, alot
of these would fall outside of arable land areas. A thematic map
showing only the land cover types of interest can be prepared,
which allows a random selection of points to be performed only
within arable land areas.

Similarly, one can produce thematic maps to help studies on
desertization focussing on those poorly vegetated areas. Another
example: inventories of particular species of wildlife can concen-
trate on land cover areas to host these species.

Outlook

The above simple examples show that the opportunities forusing
the CORINE Land Cover data are wide-ranging.
The data already collected therefore desserve systematic and
detailed analyses to prepare scientific and policy oriented uses.
The EEA-Task Force, together with the Land Cover group and
other interested scientific bodies will devote a special effort to
this task during the coming months.
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ABSTRACT

This contribution presents the results of the republic project

"The Use of Remote Sensing Information in the Environmental

Protection". This project is closely connected with the

"CORINE Land Cover Project", whose capabilities it extends

into the regional sphere by using 1 : SO 000 scale and more

resolution of input data. Much of the obtained information is

directly applicable in regional planning and control. Image

analysis and classification have been applied on Landsat TM

data and SPOT images covering the area of two districts.

The land units containing risk factors were covered by the

aerial photographs, time series of photos or videotape data.

Keywordl: landscape load, risk factor, landscape changes

1. INTRODUCTION

In 1985, the countries of the Eurepean Communities

started the CORINE Programme to gather information on

environment, co-ordinate environment protection efforts,

select and interpret data, provide compatibility of data

from different sources and unify the methodology of data

processing (Réf. l).

The programme is intended as a tool for environmental

policy management in the European Communities in

conjunction with the formation of an environmental

information system. It covers specific base projects under

the headings of Biotypes, Atmospheric Emissions, Land

Cover, Land Use,

Implementation of the Land Cover project is essential for

the specific base projects to be effectively used: the Land

Cover project operates a !srge dMa base providing the

efficient catégorisation of the uses of land surface in

a digital form with a graphical output to a scale of

1:100 000. Most of the needed information is provided

through remote sensing (data from satellites).

Support data are necessary for effective processing of

satellite data, for interpreting these data and for deriving

high-quality aerospace information. Such support data are

taken from available background documents, geoinformation

system (GIS) is responsible for making this information

fully available to users.

The possibility of using the CORINE Land Cover

programme in Czechoslovakia was tested in 1991. The

tests were conducted on a 60 x 60 km2 area with

multispectral registration by the SPOT satellite, dated

May 2, 1990 (Réf. 2). The assignment had two objectives,

so the Land Cover system was applied in two parts and

to two scales, 1:100 000 and 1:50 000 (national

application - district Hodonin).

The maximum likelihood metod was used for the

classification of material from the SPOT satellite. Training

sets were used to teach the distingushing system to

recognize the different types of objects. The results were

verified and automatic computer interpretation was then

used; where controversial issues occurred, corrections were

made by an expert in the final stage. This combination

speeds up solutions and provides the desirable guality of

the result. For the second district the Landsat TM data

was processed.

I. REMOTE SENSING INFORMATION FOR
ENVIRONMENT PROTECTION

Based on the results and experience from previous efforts,

work on implementing the project "Information from Remote

Sensing for Environment Protection" was started in 1991,

sponsored by the Ministry for Economic Policy and

Development of the Czech Republic.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 7992
(ESA SP-341. July 1992).
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2.1 Project goals

* Use of remote sensing data provided from satellites

and aircraft, as well as relevant data registred on the

ground, for computer processing to gain the data sets

needed for the geoinformation system pertaining to

a particular part of land surface. Data obtained in this

way serve for the formation of a targeted information

system of caring for the environment.

* Following up with the Czechoslovak experiment through

which the EC countries' CORlNE information system "Land

Cover" programme was tested in the CSFR develop

a methodology for gaining the required information on

a national level, i.e. on the level of regional information

systems.

* Use the results of non-standard monitoring for computer

interpretation (video recording, photographs, aerial scanner

and the like) to analyze risk factors in the land unit.

» Use the obtained results to form targeted data sets

suitable for application in a professional geoinformation

system, including the interpreting knowledge base in the

environment protection area.

The project is to provide solutions to the problems

informatic policy and problems of environment protection.

As to the requirements,

»* methods are being developed for drawing the needed

information from different types of sensing data (space,

aenal, video, ground support data).

»» Applications of these data in the GIS ( ARC/INFO)

are being developed, using personal computers (Réf. 3).

»* Efforts are being taken to solve the issues of the

transfer from specific image analysis systems to personal

computers and to the GIS.

2.2 Partial results of project implementation

The LANDSAT TM scene of August 28, 1990, was used

for processing all available data on a specific part

of land surface - the Trutnov district, including geometric

transformation to a map scale of 1: SO 000, with a basic

topographical orientation. Multispectral analysis (maximum

likelihood ) was performed and the territory of the district

was classified within sixteen classes: built-up area, dumps,

arable land (three classes), permanent grassland (three

classes), forests (two classes), water bodies, non-specified

crops (two classes) and non-classified features (two

classes). The aerial spectrozonal and colour inversion

photographs of selected sites were digitalisée and

transferred to scales of 1 :10 000 and 1: 5 000. A photo-

map was produced. See fig. 1, 2, 3.

Fig. 1: Geometrical transformation of the aerial photo into

the map of scale 1 : 10 000 - maining activity.

System ProImPro was developed for filing visualising,

handling and processing (as may be required) the raster

image data on standard PC with SVGA card (Réf. 4).

The system is available parallel to GIS ARC/INFO whose

possibilities it expands by making it possible to work with

scanned images. The whole software set provides the user

with an expedient information source enabling to work

with all kinds of remote sensing image data; it contains

cartographic data and all the nongraphic type data bases

filled within the particular region (fig. 4).

r

Fig. 2: The aerial photo transferred into the map of scale

1 : S 000 - detail of the power-plant in Pofiii.
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Fig. 4: Schematic diagram of the image processing system used for the project solving.

Fig. 3: Photo-map of scale 1 : S 000, detail of maining

activity in Svatonovice.

3. RISK FACTORS

The both investigated districts mentioned above are

interesting from the environmental point od view. The

first district includes the mountains Krkonose and its

nature reservation, the devastated forests, the agricultural

activities, mining zones as well as socio-economical aspects.

The second district is located in the south of Moravia. It

is a region with vineyards, forests, orchards and parks on

one hand and with progressive industrial activity causing

environmental contamination, on the other.

3.1 Monitoring of the state

To document the influence of mining and industrial activity

the aerial data has been used. Using temporal data sets

the progress of recultivation and state of contamination

was detected as well as global landscape changes. The

aim of our effort is to be able to produce a map of risk

factors for every land unit in the given locality. The risk

factor is a weighted sum of partial risks and theirs

determination becames more and more precise as new

images are processed. It is only the way to be able to

estimate the total landscape load and resulting influence.

For every land unit of given region the partial risk factors

are determined and defined together with theirs weights

reflecting the local distribution and influence. As the types

of partial risks can serve: power-plant, waste deposits,

ashes dumps, industrial pollution, water contamination. For

this purposes the aerial and videotape data were used to

achieve the good resolution to analyze the factor influence

and its progress. There are a lot of parameters that are

useful to investigate them concerning with extension,

content, depth, age etc.

Increasing use of the aerial data is evident. This type of

data is very suitable to gain the information about small

sources of pollution, black waste deposits, poison penetration,

fertilization application. The major advantage is that this
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information can be obtained immediately to precise the

estimation of the danger and with respect to it to accept

the decisions. Every year fresh information gives a good

overview about the landscape dynamics, land inventory,

land use and land cover and the progress of ongoing

programmes

The aerial data set from the year 1937 to 1991 were also

used to observe the landscape changes during near Iy SS

years on the tentory where the maining activity occured

(f ig. 5. 6 ). We can see a new roads, expanding urban

sites, extension of mining activity, the change of

agricultural areas, the small farmer's fields before and

large fields after the collectivization.

Obtained results are accompanied by a statistical analysis

and presented as the thematical layers of the basic map.

In this way, it is possible to present not only separated

objects of recognition but even the various phenomena of

the landscape that have been analyzed (density and

distribution of population etc.). Fig. 6: Nearly the same area as in the Fig. S from the

year 1991 - maining activity.

Fig. S: The aerial photo from the year

of Svatonovice.

1937 teritory

3.2 Data processing

Investigated teritory is usually scanned by various sensors

with different resolution. We understand all these sources

they create a special data structure that consists of

spectral, textural, spatial, contextual and temporal

components refering to the physical relations and properties

of scanned objects and phenomena. Various feature spaces

are than selected to classify objects and to find the

dominant tendences of the structure (Réf. 5). I t is

possible to describe the significant objects by the contextual

skeleton using natural connections between stochastic,

spectral and spatial object properties. Contextual skeleton

reflects the internal structure of the multisourcc image.

Our goal is to develop the knowledge based procedure

providing the selection of features and consequential

problem oriented classification.

The mentioned context is understood in connection with

the multisource image data. Our further effort will be

paid to the second-order context. We try to consider

the contextual information gamed from the nommage data,

to find the way how to incorporate it into available

feature space and use it for the recognition and in the

decision making domain.

4. CONCLUSION

The obtained results are from general point of view

a good start to protect our nature, to have enough

information about potential and actual danger and to

update the strategical information concerning land cover

and land use refering to region control and planning.

The great deal of processing is possible to provide ..sii'g

- 1
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S
digital methods but we are not able to work without

deep interpreting knowledge. In order to improve the

performance, an extension of feature significance analysis

is solved and another decision-supporting tools are

investigated.
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ABSTRACT

A amiplclc digital land cover database of the Netherlands has
been produced with Landsat-TM images, mainly acquired in
[lie summer of 1986. For several reasons only one image has
I)OCn applied during the growing season. Therefore less
accurate results were obtained for specific land cover classes.
On a relatively global scale (1:100 000 and smaller) tha
availiiblc database can be applied on a national level, while
derived statistics arc applicable at a regional level, especially
I'or agricultural areas.

We developed methods to improve the classification results.
These methods are based on a multi-temporal analysis of
satellite data and on integration with ancillary data, such as
digiti/.ed topographical maps and soil maps. The developed
method has been tested for a province in the southern part of
The Netherlands.

Up-to-now we applied only data from Landsal-TM. However,
in humid regions such as the Netherlands data acquisition in
the short wave range of the electromagnetic spectrum may
cause problems. Therefore we investigated the application of
ERS-I radar images in addition to images taken in the short
wave range. The first results were promising.

Keywords: Land cover database, satellite remote sensing, ERS-
1 radar images

1. INTRODUCTION

In hydrological and environmental studies, accurate, up-to-date
information about land cover on a regional scale is often
required. Moreover, land cover data can be used for physical
planning, and for updating and completion of land use
statistics. Within the European Community (EC) a study has
commenced to lest whether space remote sensing technologies
can be applied to incorporate agricultural statistics within
Liineiu agricultural information systems (Réf. 1). The results
of this project should form part of an Advanced Information
System for Agriculture. This system should be a tool to
improve the agricultural statistics and to assess crop produc-
tion in time for decision makers.

Because of decisions dealing with the joint agricultural policy,
farmers may obtain financial support of the EC, for example
temporary set aside of arable land. To make such arrange-
ments acceptable for the whole community one needs a
reliable and accurate control system. At present the EC
considers to establish an integrated management and control

system. Information on land cover obtained with remote
sensing techniques could play an essential role in such a
system.

Satellite remote sensing offers the possibility to obtain
information on actual land cover and to monitor changes in
time in a cost-effective way. Since 1986 a systematic land
cover mapping of The Netherlands has been performed.
Recently a complete digital land cover database of the entire
country has become available (Réf. 2). Satellite remote sensing
supplies only information on land cover. A certain land cover,
however may be related to a different type of land use.
Grassland for example may belong to agricultural land or
sports field.

In this paper we describe the national land cover database,
including a brief discussion on the applicability of this
database in hydrological and environmental studies. For the
southern part of The Netherlands the land cover database has
been updated applying multi-temporal Landsat-TM images of
1990. Moreover, the applicability of ERS-I radar images has
been investigated. The available ancillary data has been
applied to improve the classification results and to add
information on land use in addition to the classified land

2. NATIONAL LAND COVER CLASSIFICATION PROJECT

2.1 Applied satellite images

The spatial resolution of images obtained with both the
Landsat Thematic Mapper (TM) sensor and the French satellite
SPOT is in general sufficient for the recognition of individual
agricultural fields in the Netherlands. To restrict the costs and
the data processing time and because of the restricted avail-
ability of suitable multi-temporal satellite images, in the IVsI
stage of tills project only one image during the growing season
has been applied. We used Landsat TM images because of the
bands in the middle infrared part of the spectrum. A nearly
complete coverage of the Netherlands was obtained with an
image of 3 August 1986. Additionally a few other satellite
images were used taken in the growing season of 1987 and
1988.

2.2 Image processing and classification procedure

Prior to the land cover classification of the entire country The
Netherlands was divided into smaller areas or strata, enabling
each stratum to be processed independently. The purpose of
the stratification was to improve the classification accuracy by

1

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany, 30 March-4 April 1992
(ESA SP 341 July 1992)
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Fig. I. National land cover database of The Netherlands based on automatic processing of Landsai TM images taken in the period
1986 to 1988 (© DLO The Winand Staring Centre & DHV Consultancy b.v.). Arable land: bright colours; grassland: dark
grey; and forest and open water: black (mastercopy in full colour).

increasing the homogeneity of each data set (stratum). The
TM-images were geometrically corrected by identifying
ground control points in the original imagery and on the
reference topographical maps. First order polynomial trans-
formation equations were applied. In the mean lime the pixels

were resampled to 25 * 25 m2 to achieve a close match with
topographical and soil maps.

Ground reference maps, topographical maps and hard copies
of the satellite images were used for the selection of training

t

V V



491

Table 1. Minimum, mean and maximum classification accuracy values for 19 reference areas classified with satellite images of
different dates. Only land cover classes are indicated covering 10 % of the analysed pixels or covering more than 100 ha.
The number of the concerning reference areas is indicated between brackets.

Class Classification accuracy (%)

3, 12 August '86

Grass (12)
Maize (8)
Potatoes (8)
Beets (7)
Cereals (5)
Other agric. crops (4)
Fruit trees (1)
Deciduous forest* (3)
Coniferous forest* (4)
Mixed forest" (5)
Other natural area (1)
Built-up area"*, incl.
roads (12)

(14 art

min

60
40
58
54
84
O

68
76
92

O

:as)

mean

93
72
68
72
88
31
53
76
86
95
60

41

max

94
86
88
86
92
50

85
96
97

92

16 June '86 13 Sept. '86 16 June '86, 14 July '87
13 Sept. '86

(2 areas) (1 area) (1 area)

mean mean mean

90 75
84
87 76 73 85
75 81 73 72
72 16

* spectral confusion mainly within forest classes
** correctly classified if pixels were classified either as coniferous forest or as deciduous forest
*** mainly agricultural buildings

areas representative for the relevant land cover classes. The
supervised land cover classification was executed using the
maximum likelihood classification algorithm, supported by
visual interpretation and application of postprocessing tech-
niques. Figure 1 shows the final result of the classification
procedure.

Following the classification, a majority filter was applied to
remove sall-and-pepper effects, thereby producing a more
map-like product. Moreover, a simple majority filtering
resulted in a significant classification accuracy increase.

2.3 Accuracy assessment

A mixed quantitative/qualitative accuracy assessment pro-
cedure was applied. The available reference maps were used
for a quantitative assessment of the classification accuracy.
Using aerial photographs and topographical maps, land cover
types which nearly change in time were qualitatively assessed
as well. Table 1 supplies global information about the accu-
racy for 19 reference areas distributed over the entire country.

The classification accuracy varied over the different geographi-
cal areas (strata). Moreover, the variability in classification
accuracy was caused by the non-optimal acquisition dale in
relation to crop growth stage. Also plot size and the specific
crop situation at the acquisition date influenced the classifica-
tion result for example damage caused by water excess in
springtime and drought damage during summer.

Although the classification results were sometimes disappoint-

ing, on a more global scale (e.g. 1:100 000) separate areas
smaller than 25 ha are not relevant any more and consequently
the obtained national land cover database can be applied on a
national level. One has to realize that the statistics arc in
general much more reliable. We found that statistical data as
derived from the geographical land cover database can be
applied even on a regional level, especially for the agricultural
areas (Réf. 2).

2.4 Applicability

2.4.1 Soil and groundwater vulnerability assessment

Pollution from diffuse sources threatens the soil and
groundwater quality in The Netherlands. A soil and
groundwater vulnerability assessment system has been devel-
oped at DLO The Winand Staring Centre to evaluate strategies
aiming to control the pollution intensity (Figure 2), This
system can predict changes in soil and groundwater quality as
functions of different pollution scenarios (Refs. 3,4). Input data
on actual land cover is needed, because pollution loads vary
with the various land cover types.

In general a land cover map with an accuracy of more than
70% is sufficient for application in a regional soil and
groundwater vulnerability assessment system. This accuracy
depends on the impurity of the soil maps, the errors caused by
digitizing, vector to grid conversion of the soil map and the
accuracy of the input data on pollution intensity. As the land
cover data derived from remote sensing images is in digital
format, it can easily be integrated with other geographical data

V \
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^ Climate
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Fig. 2. Scheme of a soil and groundwater vulnerability assessment system (after: Réf. 3).

in a geographical information system, and form an input for
regional soil and groundwater quality models.

2.4.2 Agricultural statistics

In The Netherlands detailed information on agricultural
statistics are available through the Central Office for Statistics
(CBS). However, the CBS-data are related to the owners of
the land within certain administrative regions. Unfortunately
such a database is not well-suited to derive agricultural
statistics for specific regions as the dwelling of the owner may
differ with the location of the land.

With the available image processing facilities it is easy to
derive statistics from the national land cover database. We
make an integrative use of ARC/INFO as vector based
Geographical Information System and ERDAS to process
remote sensing images (raster data). Data on agricultural
statistics can be supplied for areas situated around groundwater
pumping stations. As risks for groundwater pollution are
related to land cover (Section 2.4.1) restrictions in land use
might be introduced in the future for such areas.

2.4.3 Land cover change

Land cover change and climate change influence each other.
Because of large scale land cover change, exchange of heat
and water vapour at the earth surface will change and
consequently a climate change will occur. On the other hand
a climate change will result in land cover change. So actual
and reliable information on land cover is essential.

Satellite images supply information on land cover for large
areas. Because of the restricted accuracy of the obtained
classification results, the determination of a systematic change
in land cover is difficult. For the analysis of time series
standardization of the image processing procedure is essential
to be able to compare results of different periods.

At this moment DLO The Winand Staring Centre is investigat-

ing the impact of climate change on the runoff of the river
Rhine for the International Commission for hydrology of the
Rhine basin project. Apart from climate change the effect of
land cover change on evapotranspiration and river runoff is
investigated (Réf. S).

3. UPDATE EXPERIMENT LAND COVER
CLASSIFICATIONTION

An evaluation study of the National land cover database of
1986 showed that the potential user is interested in an update
of the database. However, the accuracy should be improved.
In 1991 an update experiment was commenced for the
province of North-Brabant. In this experiment a melhod was
developed applying multi-temporal satellite images and
ancillary digital data to improve the accuracy and applicability
of the database.

3.1 Description of the research area

The province of North-Brabant is situated in the southern part
of the Netherlands and has an area of 5000 km2. The major
part of the Province has sandy soils and the principal agricul-
tural crops are grass and maize. The land use is rather small
scaled. Next to agricultural use woodlands, open natural area,
built-up area and open water are present. The surface of the
area is almost flat. In the western part of the province clay
soils are present with arable farming on a larger scale. The
northern part of the province is influenced by the river Meuse.

3.2 Processing available images

To solve problems with spectral confusion of some land cover
classes using only one image of the summer period, it was
decided to use also an image from springtime. For the update
experiment Landsal TM images from 1990 were available, one
from 13 July (summer period) and one from 24 April (spring-
time). Ground reference data were provided by observations
from detailed soil surveys. The field work for the soil surveys

\ V
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was carried out in 1990. At every observation point (1 boring
per 4 ha) the present land use was recorded. Classes like built-
up area were taken from topographical maps.

First the satellite images were georeferenccd to the Dutch
triangular system and a resampling was performed to 25 * 25
ni2 pixel size according to the nearest neighbourhood method.
Based on major soil type and prevailing land use the research
area was divided into three strata.

The springtime image was used to distinguish arable land and
pasture. In springtime arable land appears as bare soil (except
winter cereals). The distinction was made by calculation of a
Perpendicular Vegetation Index (PVI) using bands 3 and 4 of
Landsat TM (Réf. 6). Based on this PVI two classes were
discriminated:
- grass like vegetation, and
- no/little vegetation.

With the image from the summer period a supervised maxi-
mum likelihood classification, with bands 3, 4, 5 and 7 of
Landsat TM, was performed per stratum. The information of
the springtime classification result was used as a priori
knowledge. Finally a 3 x 3 majority filter was applied on the
resulting land cover classes (Section 2.2). To maintain detailed
information of the classes built-up area and water, these
classes were excluded from filtering.

3.3 Integration with ancillary data

A shortcoming of the 1986 database was that land cover
classes were discriminated while several applications need land
use classes. For example the land cover classes grass and bare
soil may occur in agricultural area, nature area or built-up
area. Information on functional land use is needed to change
land cover classes into land use classes. In The Netherlands
the State Department for Physical Planning (RPD) produced a
digital database with these information, mainly about built-up
areas. The database is used for physical planning purposes.
Land use is based on information from 1985, and partly from
1990, and it is digitized from topographical maps 1:25 000.

The RPD database is available in vector format. A vector to
raster conversion was performed to combine the data with the
land cover database. Further the classes were aggregated to
major land use classes.

The remote sensing derived land cover information was
combined with the land use information and some classes were
added LO the database, for example green urban area. The RPD
database also stores line elements such as main roads, railways
and waterways. After rasterization these line elements were
also added.

3.4 First results

The classes finally distinguished in the update experiment are
listed in Table 2.

Table 2. Classes of the land cover database for the Province
of North-Brabant, update 1990.

Level 1

I agricultural area

II forest

in nature area

IV water

V built-up area

1
2
3
4
5
6
7
8
9

21
22

31
32

41
42

51
52
53
54
55

Level 2

grass
maize
potatoes
beets
cereals
other agricultural crops
bare soil in agricultural area
greenhouses
orchard

deciduous forest
coniferous forest

nature area with vegetation
bare soil in nature area

water bodies
waterways

continuous urban area
green urban area
bare soil in built-up area
built-up in rural area
main roads and railways

The applied multi-temporal classification and the use of
ancillary digital data has increased the accuracy considerably
compared to the land cover database of 1986. A quantitative
validation has not been performed yet, but visual validation
showed for Level 1 classes an accuracy over 90 %. The
applicability of the database has increased because of both the
improved accuracy and the additional information on func-
tional land use.

4. APPLICABILITY OF ERS-I RADAR IMAGES

In humid regions such as The Netherlands regular data
acquisition in the short wave range of the electromagnetic
spectrum is troublesome. In the micro wave range however,
data can be acquired nearly independent of the atmospheric
conditions (clouds, haze) and the lime of the day. For land
cover classification the availability of the imaging Synthetic
Aperture Radar (SAR) on board of the first European Remote
sensing Satellite (ERS-I, launched on 16 July 1991) is
promising. This SAR operates in the C-band (5.3 GHz.; vv-
polarization; 23 0C incident angle at mid-swath). ERS-I
images of parts of The Netherlands will be available on a
regular basis during the growing season (each 10 to 15 days).

Owing to me high temporal resolution of ERS-I different
classification strategies can be applied (Réf. 7). For instance
land cover can be discriminated at specific moments when the
distinguished land cover classes have characteristic backscatter
features. An other approach is based on (he construction of
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1

Fig. 3 ERS-1 SAR image of the Dutch Flevopolders. Acquisition date: 25 October 1991. Bare arable land has a bright tone, while
pasture and natural grassland appeal dark on the image. Oilier land cover types that can be distinguished are forest (appears
grey) and built-up area (very bright spots).

backscaucr curves during the growing season, and the com-
parison of these curves with known backscatter curves of each
land cover class.

One of the features of SAR images that hampers classification
is the presence of speckle. To obtain good classification results
speckle reduction is necessary. Speckle can be reduced by
means of geometrical or temporal averaging. For geometrical
averaging the combination with digital geographical databases
LS needed or a filter technique can be applied. Temporal
averaging over several SAR images can be applied preferable
at the beginning or end of the growing season. Then the
temporal variation in radar backscatter of most land cover
types U minimal.

In Figure 3 the first available ERS-I SAR image of the Dutch
Flevopolders is shown. On this image some important land
cover types can be discriminated. Because of the lack of other

ERS-I SAR data and the acquisition dale of the available
image (25-10-1991) a quantitative analyses hits not been
performed yet. However, the visual interpretation of the first
ERS-I SAR image showed that application of this new data
source for land cover classification has a great potential.

5. CONCLUDING REMARKS

Satellite remote sensing has proven to be u powerful tool to
obtain actual information on land cover for large areas in a
cost effective way. Since 19S6 a project has been performed
in The Netherlands to create a complete database for the entire
country. The database has been created mainly based on
satellite images taken at 3 August 1986. Based on only one
image during the growing season, rallier poor results might be
obtained classifying all the individual agricultural crops. Class
specifications have to be in balance with the available data
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sources. Describing land cover in detail additional information
is indispensable.

In our experiments we found an important improvement of our
classification results applying a multi-temporal classification.
For the southern part of The Netherlands such a classification
has been performed combining a Landsat-TM image of 24
April 1990 with an image taken at 13 July 1990.

WiUi satellite remote sensing information on land cover is
obtained. For the translation into functional land use informa-
tion additional information is required. Integrating the land
cover database and the RPD database an important improve-
ment of the stored data was obtained.

Owing to often cloudy conditions in The Netherlands, data
acquisition through satellite systems operating in the short
wave region of the electromagnetic spectrum is rather uncer-
tain. Therefore we investigated a possible use of ERS-I radar
images in stead of/or in addition to optical satellite images.
The first results indicate that ERS-I radar images supply
relevant information on land cover.

Land cover as obtained through remote sensing techniques is
available in a digital form. This means that such a digital land
cover database can be easily integrated with other digital
geographical databases and specific simulation models. In this
way land cover as derived from satellite images can be a basic
information source in hydrological and environmental studies.

Based on the obtained results, in the near future an operational
information system to monitor land cover will be constructed
based on an integralive use of different satellite systems in
combination with other available digital geographical data-
bases.

Rijkswaterstaat, Mectkundigc Dicnsl, Delft, The Netherlands,
19 p.

6. Richardson A J & Wiegand C L 1977, Distinguishing
vegetation from soil background information, Phologrammclric
Engineering & Remote Sensing. VoI 43, 1541-15526.

7. Bouman B A M & Uenk D (in press), Crop classification
possibilities with radar in ERS-I and JERS-I configuration,
Remote Sensing of Environment (accepted for publication in
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MONITORING AND ANALYSIS OF URBAN TRENDS USING MULTITEMPORAL SATELLITE-IMAGERY
(CASE-STUDY: GREATER CAIRO)

Marion Czeranka

ISPA, Universitàt Osnabruck - Standort Vechta

ABSTRACT

LANDSAT and SPOT satellite imagery are valuable
tools to monitor and analyse trends in complex urban
regions. In this study, the metropolitan area of Greater
Cairo was examined because of serious problems
caused by the rapid increase in population and the re-
sulting dynamic development. The monitored period of
10 years required different sensor data for the time
points in 1979, 1982 and 1988. Consequently, a me-
thod was developed using a combination of unsuper-
vised classification, image interpretation and overlay
techniques to perform a post classification compari-
son. The resulting land-use/ land-cover changes pro-
vide current information about regional development
patterns. Thus, it is possible to point out some diffe-
rences in development concerning trends on arable
land and on desert land, as well as for different politi-
cal units within the conurbation.
This feasibility study shows that, especially for large
urban areas with uncontrolled development, monito-
ring with multitemporal satellite data is, indeed, ap-
propriate to meet planners needs if there is a lack of
fundamental and up-to-date data.

Keywords: Change Detection, Multitemporal Satellite
Imagery, Multisensor Data, Urban Development, Re-
gional Planning

1. INTRODUCTION

Like many other metropolitan areas of the developing
world, Cairo has had such a large increase in popula-
tion that its inhabitants and its infrastructure are suf-
fering from the effects of uncontrolled development.
For this reason, the fertile Nile valley, on which the
egyptian agricultural production depends, is getting
progressively degraded as well. In response, the go-
vernment has instituted general development plans to
decentralize the metropolitan area. The aim is to
establish surroundings with dignity for people and to
reduce the illegal use of arable land within the Nile
valley. However, there is - as in similar regions - a
substantial lack of fundamental information concer-
ning the dimensions of the recent agglomeration, as
well as the speed and direction of the growth. Since
the area is large and divided into a number of political
units, this information is currently difficult to obtain.

In several studies concerning the same type of pro-
blems, aerial photos were used for the analysis of
spatial development as well as a source of data within
a GIS (Réf. 1, 2). Ehlers et al. (Réf. 3) used both SPOT
data and aerial photographs to analyse regional
growth in a similar situation.

For the special situation in large conurbations such as
Greater Cairo, multitemporal satellite imagery as used
in this study provides an alternative solution to obtain
adequate information for change detection (Réf. 4).

2. DATA BASE

LANDSAT TM data were selected because of their
high spatial and spectral resolution and because their
coverage was large enough for our purposes. Unfortu-
nately, prior to 1982 only MSS data are available.
This imposed restrictions on spatial and spectral con-
tent which we had to deal with. Consequently, data
from different satellite systems were used for the
multitemporal image analysis: these are Landsat-MSS
data from 1979, Landsat-TM data from 1982 and
1988. Additionally, panchromatic SPOT data from
1988 were used as a supplementary information
source because of their higher spatial resolution.

The data acquisition dates for all these images show a
seasonal variation with a maximum of three month
(Table 1). This means seasonal differences in vegeta-
tion or exposure may be ignored.

This data sequence provides a good profile through
the 10-year development of the urban region as recor-
ded by the satellites.

Satellite System
LANDSAT-MSS
LANDSAT-TM
LANDSAT-TM
SPOT pan

Acquisiton Date
03-22-1979
12-28-1982
01-11-1988
01-22-1988

t

TaWe J: Acquisition Dates for Satellite Imagery used
in the Case Study

Proceedings o' (he CsT.'al Symposiu"i o' the 'International Space Year' Conference Held in Munich Germany. 30 March-4 April !992
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In addition to these satellite data, topographic maps in
the scale 1:25,000 were used, along with descrip-
tions from the literature, photos and town plans, to
obtain further information about the study area, Of
particular note is that the most recent maps in the
scale of 1: 25,000 were produced during the years
1942-46 thus demonstrating the problems of current
geographic information in Third World Countries.

3. DIGITAL DATA PREPROCESSING

For the combined digital processing of multiple ima-
ges, geometric registration is necessary. This was ac-
complished using the following approach: First, an ab-
solute registration of the SPOT data to the national
egyptian cartographical system was performed. Al-
though the maps were out of date, 18 control points
could be located both on the maps and in the satellite
data. Concerning the map accuracy no information is
available. However, absolute accuracy is not impor-
tant for the following coregistrations: the georefe-
renced SPOT image was used to coregister the other
satellite data sets with an average root mean square
of less than +/-0.7 pixel. During resampling, the pixel
sizes were also reformatted to 25 x 25 meter pixels
to facilitate a combined interpretation of the digital
images. This pixel size was selected as a good com-
promise between the ground resolution of MSS (79
meters), TM (30 meters) and SPOT (10 meters).
Nearest neighbor resampling was used to assure that
only original grey values were used for the subsequent
classification.

Another preprocessing step was the reduction of re-
dundant information. This was necessary due to the
huge amount of data. The combined database con-
tained seventeen bands for a study area of about
250,000 ha (even without the use of the thermal TM
bands).

For the reduction of the data, we followed an ap-
proach described by Chavez (Réf. 5) using a selective
principal component transformation for TM data. In
this approach, the first principal component of bands
1, 2 and 3 was calculated, as well as the first princi-
pal component of bands 5 and 7. These new bands
were taken and used together with the original band 4
for the following image processing.

A modification of this transformation was used for the
MSS data: the first principal component of the two
visible bands was calculated, the other two bands
were used in their original form. As a result, the basic
data used in the image analysis described below were
three sets of LANOSAT data with three bands each
plus the panchromatic SPOT data. The result of these
transformations was a data reduction of about 65 %.

4. MULTITEMPORAL IMAGE PROCESSING

Several digital methods for multitemporal image ana-
lysis or, rather, change detection have been described
(for example, see References 6, 7 and 8). Most of
them were developed for bitemporal analysis and only
for data from the same satellite sensor. Therefore, the
simple application of one of these methods was not
appropriate. Another impediment was the special si-
tuation of the study area. For instance, a comparison
of vegetation indices was not usuable in this study for
several reasons: the loss of vegetation on particular
ground segments during one time period does not au-
tomatically indicate the build-up of these sites, as is
usually interpreted. Because of the arid climate and
the irrigation agriculture, the distinction of periods of
vegetation is not clearly possible, especially since
there are three or even more harvests per year in the
Nile valley. In addition, there are land acquisition pro-
jects at the margin of the valley with confusable si-
gnatures. It is also not possible to monitor the de-
velopment of urban areas on desert land by compari-
son of the vegetation index.

Some other methods for change detection were tried,
such as multitemporal band ratios of the transformed
bands of the visible light. However, the poor results
obtained for development on agricultural land as well
as on desert land showed that no image enhancement
procedure was appropriate. In the end, a post classifi-
cation comparison method was used. For that, the
data first needed to be separated into the same land-
use classes. Using an unsupervised maximum-likeli-
hood method, each data set was classified into forty
classes. It was then possible to interact by receding,
masking and reclassifying. With the help of crosstabu-
lations and supervised combinations of classes, the
individual classifications were made as comparable as
possible. The resulting classes were: water, arable
land, built-up area and desert.

The classes resulting from the MSS data varied
slightly from those obtained from the TM data be-
cause of the difference in spatial and spectral resolu-
tion. For this reason, an additional class (named 'me-
dium dense built-up area') had to be introduced. This
class was then reversed in accordance with the multi-
temporal classification results of the TM data. For ex-
ample, if one pixel of the additional mixed urban and
agriculture land-use class had been classified as agri-
cultural within the TM data for the subsequent time
points, we reclassified it according to the more accu-
rate and recent data.

Using the panchromatic SPOT data, the classification
result was verified with a sequential statistical me-
thod described by Kohl (Réf. 9). Accordingly, the
classification of the TM data from 1988 resulted in an
accuracy of 82%.
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Because of shadows or because of the use of the indi-
genous building material, similar signatures for built-up
and desert areas resulted in misclassifications. There-
fore, the SPOT data were used to mask the rocky re-
gions of the desert, resulting in further improvements.

Using this procedure, we obtained a combined accu-
racy of the three individual classifications of about
97%. That means that 97% of the pixels had been
classified into a land-use class which directly repre-
sents a sensible sequence of utilization. The remaining
3% of the pixels were interpreted according to their
most likely class or were declared as unclassified.

By overlaying the individual classification results, the
multitemporal post classification comparison was ob-
tained: the final change detection data comprise 13
classes of land-use/ land-cover changes (Table 2).

Cl.

1
2

3

4

5

6

7

8

9

10

11

12

13

1979

water
arable land
arable land
arable land
built-up area
med.den.b.u.ar.
arable land
built-up area
desert
desert
desert
desert

1982

water
arable land
arable land
built-up area
built-up area
built-up area
built-up area
built-up area
desert
built-up area
desert
desert

1988

water
arable land
built-up area
built-up area
built-up area
built-up area
arable land
arable land
arable land
built-up area
built-up area
desert

unclassified

in%

1.7

27.1
2.0

1.2

12.3
0.8

0.1

0.05
0.02

2.4

2.1

49.2

1.03

Tab!e2: Multitemporal Land-Use/Land-Cover Classes

5. ANALYSIS OF RESULTS

For a planning basis, it is not only important to know
the quantités of changes which are obtainable by sta-
tistical data, but also their spatial patterns. Imagery,
as used in this study, provides this essential informa-
tion as well.
As shown in Figure 1, the development of the urban
area was along three main axes of the conurbation: a)
from the center to the pyramids of Giseh; b) from the
center along the Nile to the suburb of Heluan and c)
from the center into north east direction to the inter-
national airport.

Along the boundaries between the conurbation and
the land under irrigation, the urban development was
more or less like annual rings in trees. This is the re-
sult of the informal settlements which are always
placed at the new boundary of the conurbation, parti-
cularly on arable land, to assure access to any existing
infrastructure network. Here, the construction takes
place on privately owned land but without official ap-
proval. Actually, the use of agricultural land for con-
struction is forbidden by a law first passed in 1966
(Réf. 10).

In the eastern part of Cairo, the urban development is
occuring in a completely different manner; because of
the rocky region or already existing industrial areas, it
is not possible to place the new settlements adjacent
to residential areas. As a result, development does not
occur sponteanously on the more peripherial sites in
the desert. For that reason, the state interacts by
establishing development projects on desert land (Réf.
11). These projects have a much greater extent than
the private projects, even if they are not as efficient
as the informal settlements in accomodating the in-
habitants (Fig. 1).

Other spatial development tendencies are notable.
They are marked with arrows in rig, 1. The direction
of these arrows depends on the distinct spatial land-
use changes within the two analysed time periods.

After the image processing was completed, the built-
up area of the conurbation of Greater Cairo (which
was only a portion of the study area) was calculated
26,900 ha for 1979, 34,400 ha for 1982 and
39,700 ha for 1988. In the entire study area, the
average annual area under construction in the desert
(1979-82: 3,030 ha/yr; 1982-88: 910 ha/yr) was
greater than on the arable land (Fig. 2). This is mainly
due to the development along the eastern border of
the metropolitan area as mentioned above. On the
arable land there were about 1,050 ha/yr (1979-82)
and 770 ha/yr (1982-88) which were involved in the
conurbation. This shows, that the legally forbidden
development on arable land still is not under control.

The metropolitan area of Greater Cairo consists of
three different governmental districts: a) Cairo, b) Gi-
seh, on the west shore of the Nile and c) Qualiubia in
the north (see Fig. 1).

Governmental
District

Giseh
Qualiubiah

Arable Land in the Study Area
Total 1 979
ha ( = 100%)

33150
33790

Loss 1979-82
in ha/yr

-450
-520

in %/yr
- 1.4
-1.5

Total 1982
ha ( = 100%)

30960
32230

Loss 1982-88
in ha/yr

-320
-400

in %/yr
-1.3
-1.3

Tabte3: Development in Political Units on Arable Land
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1

Kairo

Pyramids

Potential Directions of
the Urban Development

I\J Political Boundary

Arable Land

Metropolitan Area
Development between 1979
and 1988 on Desert Land
Development between 1979
and 1988 on Arable Land

Giseh 10km

Source: Satellite Imagery from
1979. 1982 and 1988

Heluan

Figure 1: Uroan Development of Greater Cairo

There are some differences in development part'.cular-
Iy concerning the actions on irrigated or desc-rt land
for these administrative parts. In the metropolitan area
of the government of Cairo there is almost no irrigated
land left for agriculture. However, the consumption of
arable land still is going on in the two other govern-
mental districs. The large areas under construction in

the agricultural land at the periphery of the agglomera-
tion and around the smaller towns and villages in the
vicinity underline the severe problem of the loss of
arable land (Table 3).
It should be noted that ground truth of the results is
necessary for definite change detection. Aerial photo-
graphs of the monitored periods should be used to f

M
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prevent erroneous interpretations. However, for this
study it was not possible to obtain accurate land-use
information for the time points due to a lack of re-
sources and for security reasons.

I I on Deiert Land

on Arable Land

Total Study Arta:
0.2% 250.000 ha

(no)

Figure 2: Average Annual Increase in Development

G. INTERPRETATION CONCERNING PLANNING AND
OUTLOOK

To remedy the multiple effects of the uncontrolled
development of the conurbation, the planning authori-
ties have prepared three master plans (the most re-
cent dated in 1981). Several planning strategies are
being followed to solve the land-use conflicts and to
improve the living conditions by relieving the popula-
tion pressure in the urban center through the
establishment of new cities and settlements.

One important strategy for the control of the deve-
lopment of the conurbation is the "ringroad". The pri-
mary aims of which are to provide relief for the traffic
infrastructure in the center of the conurbation, to open
the eastern desert areas up to development and, most
important, to form a barrier to the development of
arable land. In the area encompassed by the road,
development may continue. Beyond the ringroad, the
destruction of the remaining agricultural land should
be stopped. The ringroad will finally enclose approx.
42,000 ha, of which 66% was already built up in
1988 (1982: 58%; 1979: 49%). In 1988, there was
still 9% used for agriculture and 25% was desert
land. Because of rough terrain, however, this desert
land is only partly a potential area for development.

Casting a scenario using the current speed of develop-
ment and the increase of population, all of the inclu-
ded area would be exhausted by the year 2000. Con-
sequently, the effects of easing the development pro-
cess by some other planning strategies, such as new
towns in the desert, should be examined. With an in-
creased density of information from ancillary source
and continuing monitoring by satellites, it is possible
to make more definite statements concerning the ten-
dencies of spatial development.

This study indicates that effective techniques can be
developed to use multitemporal and multisensor data

to establish a database for inclusion in a GIS which
can then be used to address the problems of uncon-
trolled development in complex urban regions.
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Nghia do,Tu liem.Ha noi,Vietnam

ABSTRACT

ŵ1

Like other Asian developing countries, presently in
Vietnam land use/land cover of many places are worry
changed by different reasons. These changes not only
bring about influence on national economic planning
development but also break natural ecology balance .
That is why the detection of land use/ land cover ch-
anges plays an important role in national planning
and environmental management.

The objective of recent study is to develop techno-
logy procedure of application oC remote sensing and
GIS to analysis of land use/land cover changes. The
study was carried out for coastal areas of Red and
Mekong river plains, where the land use/land cover is
most changed according to strongly activities of hu-
man in last time.
The multi temporal land use/land cover maps produced
fiuni visual interpretation of different remote sens-
ing data were digitized and brought into GIS. The la-
nd use/land cover were analyzed by CIS overlay tech-
nique .

1. INTRODUCTION

Presently, in Vietnam, since the country's growing
population creates more demand for settlements,agri-
culture and industrial areas,land use/land cover of
niciny places are worry changed. The illegal cutting
of forest for new agriculture areas according to tr-
aditional cultivated habit,for fuelwood.etc. is an
important added reason for their changes.In order to
maintain the natural ecological balance,the detec -
Lion of land use/land cover changes is needed as one
aspect of land use and environmental management ef-
forts .
The conventional methods to detect land use/land co-
ver changes are costly,low accuracy and at the same
time present a picture of small area only. The remo-
te sensing,because of its synoptic view and repeti -
tive coverage provides an extremely useful informa-
tion on land use/land cover dynamics. The changes in
land use/land cover due to natural and human activi-
ties can be observed using current and historical
remotely sensed data available from the archives.

The main objectives of the recent study-are to deve-
lop technology procedure of application of remote
sensing and GIS to land use/land cover change detec-
tion and to land use/land cover map of period from
1969 to present for coastal areas of Red and Mekong
river plains,which are gaining importance in view of
many developmental activities comming around such as
exploitation of natural resources,increasing settle-

ment areas,etc. Last time,land use of those areas is
changed quickly,that influences on economic planning
development and environmental management of the cou-
ntry. That is why those areas have been firstly cho-
sen as study areas.

2. METHODOLOGY

The flow chart of land use/land cover change mapping
using remote sensing and GIS is illustrated on Fig.l
and it covers main contents as follows.

The first to be done is establishment of project dr-
aft,which is based on project objectives and data
collection. First requirement of collected data is
multitemporality and the second is that the land use
/land cover changes must be enable evaluated exactly
and unambigously by them.

Imagery of the same season and more or less similar
meteorological condotions should be used for compa-
ring multidate data. Following data should be used :

air photos, satellite images/- Remotely sensed
photos and CCT.

- Maps : topographic and thematic maps in appro-
riate scale.

- Other related : crop calender,land use statis-
tic records,historic documentation,etc.

Some problems related to choising time landmark, for
which land use/land cover could be estimated and to
establishment of map legend contents must be carried
out in this stage. '
Both visual interpretation and digital image proces-
sing methods should be used for state land use/ land
cover mapping. However,the method of visual interp -
retatior. is chose as the main method because landuse
types cannot be readily interpreted using digital
classification.

The graphic method called local transformation sho-
uld be used for geometric correction. Sufficient nu-
mbers of control poins have been taken within and
outside the study area both on topographic base maps
1/50.000 or 1/100.000 and prints and recorded as Un-
iversal Transverse Mercator (UTM) co-ordinates. In
many cases,this points have been chose as crossing
of transportation network,crossing of chanal network
etc. By this way,a system of control points have
been created for study area.based on which the inte-
rpreted land use/land cover boundaries could be tra-
nsfered from prints into maps part by part using ZO-
OM TRANSFER SCOPE.
The state land use/land cover maps could be establi-

1
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-Air photos -Tbpographfc -Crop calender
-Satellite images/photos -Thematic -Statistic records
-CCT

> Landuse/Land cover
Mapping

Sure

No

<

State Landuse
Land cover maps

Fie

Digitizing

Landuse/Landcover
Change Map

Fig. 1 : Flow chart of land use/land cover
change mapping using remote sensing and GIS.

shed by mentioned method of visual interpretation u-
sing additional information such as crop calender ,
thematic maps (vegetation,forest,soil,etc.). In the
case if the obtained results of interpretation are
not sured.the field trip must be carried out by vi-
siting to affected areas.

Digital change detection using image differencing a-
nd image overlay techniques is difficult to carry
out accurately. The results are not as accurate as
those produced from visual interpretation of large
scale air photos or high resolution satellite images
/photos of different dates and transfer of bounda-
"-ies to a map. Accuracy depends on the ability to
aquire comparable imagery for different dates,and to
geometrically register the images to the same geog -
raphical reference system.

Due to mentioned,the land use/land cover changes de-
tection is carried out mainly based on GIS analysis
using micro-CIS. This system was developed by Remote
Sensing Application Division,National Centre for Sc-
ientific Research of Vietnam,on microcomputer PC for
analysing and managing remotely sensed data and oth-
er spatial data.

If the image processing computer can conmunicate da-
ta to a microcomputer,the processed image data can
be sent to the GIS directly from the image procès -
sing computer. There was no computer network for th-
ese two systems at that time,however,so the multida-
te I ind use/land cover maps obtained from the remo-
tely sensed images/photos by visual interpretation
are used instead of using the images directly.

The land use/land cover maps produced by visual in-
terpretation as well as land use/land cover maps in
the past are digitized and brough into GIS in vector
form using AutoCAD programne package. Every state
land use/land cover map of different landmark times

is stored in different layers. Multilayers analysis
by overlay technique is carried out for land use/la-
nd cover change mapping.

The quantitative land use/land cover change asses-
ments such as total change area, average change speed
are done based on raster data.which are created by a
simple vector-to-raster conversion. Vector data ove-
rlaid on the raster file created based on the range
of X and Y coopdinates of captured vector data. The
minimum distance from centroid to the vector data is
the indicator of inclusion of this cell to a raster
file.

All obtained results could be stored,replotted or
edited comfortably at any time.

3. RESULTS AND DISCUSSICM

The above technology procedure was applied in recent
study for land use/land cover change analysis of pe-
riod from 1975 to 1988 for coastal area of Red river
plain and of period from 1969 to 1986 for Mekong ri-
ver plain- The land use/land cover of those areas is
strongly changed according to activities of human in
last time.

There are essentially two main sources of informati-
on : those information from field investigations co-
nducted as part of this study and those from previ -
ous related studies and past records.

Aerial photographs acquired in 1968 by US Army, in
1973,1982,1986 were used. The satellite data such as
high resolution photos "Kosmos" acquired in 1982,
1986,1988 ; the Landsat MSS acquired in 1973, 1982,
1986,1988 ; the Thematic Mapper data of Landsat 5
aquired in 1988 and the multispectral SPOT data of
1987,1988 were used to provide information of period
from 1970 to present.

Information obtained from field investigation were
used as "control" to evaluate the change of land use
/land cover using the proposed remote sensing and
GIS approach.

Topographic maps of 1/50.000 and 1/100.000; vegeta-
tion map of 1/250.000; the soild map of 1/250.000 ;
and crop calender for chosen areas were used as ad-
ditional information.

Fig. 2 shows the fragments of land use change maps
produced by GIS overlay analysis of period 1969
1986 (for study area of Mekong river plain) and of
period 1975-1988 (for study area of Red river plain)

In the coastal area of Mekong river plain,the major
changes have been from closed Tram forest to open
Tram forest and to barren land (including cleared
land and swamp vegetation). There are no extensive
conversions of closed Tram forest to wetland rice
within the study area. This indicates that most of
the wetland rice planting over the 1969-1986 period
had been replanting of open Tram forest and of bar-
ren land areas,with very few remaining closed Tram
forest areas available for direct clearing and new
wetland rice planting.The map also indicates conver-
sion of closed mangrove area for open mangrove, sw-
anp vegetation and for sea products plantation.

The quantitative assesment of land use change shows
that over 1969-1986,closed mangrove area has been
seriously reduced from 64,000 Ha to 12,400 Ha (81% )
with average speed of 1,945 Ha/year and closed Tram
forest area has been reduced from 130,000 Ha to
13.500 Ha (97%) with average speed of 4685 Ha/year .

However,there are different reducing average speeds
for closed Tran forest and closed mangrove for diff-
erent periods : 1969-1973, 1973-1982, 1982-1986 that
is illustrated in Tab. 1

The main reasons of above changes in this area are
of aftermaths of chemical war (Fig. 3) and of unpla-

1
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a/ Coastal area of Red river plain (period 1975-1988)

1969-1986)

Fig. 2 : Fragments of land use change maps produced by remote sensing and GIS

nning forest exploitation for human uses in last ye-
ars (Fig. 4).

The land use changes for period 1975-1988 in coastal
area of Red river plain are mainly related to an in-
crease in population and many developmental activit-
ies in agriculture that comming around the coast.

In fact, the results of GIS analysis show that major
changes of land use in this area have been from wet-
land rice to settlements and to upland crop and from
mixed rice and upland crop to settlements and to we-
tland rice. If total area of settlements in 1975 is
56,800 Ha (about 7,1% of total study area), in 1988
it has been increased to 81,600 Ha (about 10,2% of
total of study area).
An area cross-tabulation between the 1986 land use
map and the 1986 land cover map was carried out in
order to assess the problem arising from analysing
changes between maps of different land use/land co-
ver categories.

The mismatch between land use and land cover catego-
ries for those maps used presents a problem in comp-
aring maps for change detection. Certain land use
types cannot be readily interpreted using digital c-
lassification for two main reasons. One is because
of poor spectral separability,«such as between cutt-
ing rice field and cleared land and between mixed
horticulture and urban on the one hand and between
mixed horticulture and industrial tree plantation on
the other. The land use classification used by Gene-
ral Department for Land Use Management emphasized a-
gricultural use,with numerous crop types.which may
not be spectrally separable for low spectral resolu-
tion data like SPOT and Landsat MSS. The other rea-
son is the absence of spatial and contextual infor-
mation in conventional digital classification tech-
niques. Water as detected as a land cover category
can be either sea,river,reservoir,etc.,the distinc -
tion of which can only be done based on context,sha-
pe and size.

:*!
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l i k e change detection.
Til bit 1. A UTU1I1V reducing speed of forest in

rea of Mekong •: -cr plain (liu'\vur)
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"'.' esta: listiment this area c.'-UKH-TabuIa-
an idi.'i '-T areas invoived in each oatego-
;et Uenjent:, " land cover category i no Judos
v well aw " villages ",whioh are classed
hurtu-uIturv " in the 1980 land use map.
;e and lainJ cover categories,which corre.s-
; Iy are th'\se of Tram forest,mangrove,bar-
id wet land rice.

"tu1 ,'(.'!.',essinent of land use/land cover change accura-
•y n.-is tieen carried nut based on homogeneous areas
tc.-,t ,-ijid gi-e,!jnd statistic data given by General l)e-
[,artment fcr U<nd Use Managemert. The results illus-
' rated in Tat). .' .show that in general the use of re-
:Ti"te sensing and GIS approach :or l;3rid use change d-
etfi-tH'ti givos good results that should be accepted
!'"r j ractieal and scientific purposes. The accuraci-
es i if !find use changes assessment mainJy depended on

- Accuracy of images/photos interpretation

- Accuracy of transfer of interpreted boundaries
to a map and digitizing process.

A. CONCLUSIONS

'ITio foilowings are main conclusions within the limi-
ted areal coverage of this study.

1. The land use/land cover change detection problems
could be solved successfully by using remote sensing
and GiS approach as demonstrated. For developing co-
untries like Vietnam, the use micro-CIS on PC compu-
ters is practical,economical and flexible and it can
be used conveniently for various studies.

?. Satellite remote sensing data,which is affordable
to be in timely and its synoptic view can be optimal
tool to complement the quantification of the land
use/land cover changes.

The multi-temporal character of remotely sensed data
permit to get sufficient information based on which
the forescat of land use/land cover changing tenden-
cy and future suggestion of used and protect means
could be carried out. The above cannot be satified
by conventional methods.

i. The improvement of accuracy of images/photos in-
terpreted results and of accuracy of transfer inter-
preted boundaries to a map is the best way to inc-
rease the accuracy of land use/land cover change as-
sessment using remote sensing and GIS approach.

4. Because the satellite imagery data would be wide-
ly used for land use monitoring and mapping in Viet-
nam in the future, there is a need to consider a le-
vel of land use/land cover classification scheme wh-
ich is commensurate with the specificity of the sa-
tellite data and yet has sufficient correspondence
with previous classification scheme to allow the in-
tegration of data from the past and the future for

Fig.3 : Tracks of chemical war

Fig.4 : Exploitation of mangrove for human uses
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Tnble.2 Accuracies of Lamliise change assessment using Remote Sensing and CIS (%)
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ABSTRACT

Under the JERS-I Verification Program geologic,
hydrogeologic, pétrographie, tectonic and
environmental research on Iceland is to be carried out
from 1992-1994.
A major objective is the compilation and interpretation
of maps based on multisensor and multitemporal remote
sensing data obtained from JERS-I (OPS and SAR),
ERS-I (SAR), Landsat (MSS and TM), SPOT (HRV) and
SEASAT (SAR). Spectrometric in situ measurements and
laboratory analyses are to be made as well.

In fact, field investigations began as early as summer
1991 to acquire ground truth data and information on
geochemical, hydrogeologic, pétrographie and
sedimentologic phenomena in Iceland's rhyolitic,
hydrothermally altered and periglacial regions.

Four key areas have been chosen for the project:
the Reykjanes -Hengill region, the Torfajokull -
Maelif ellssandur sector, the S-SSW parts of
Vatnajokull and coastal plain, and the Dyngjufjbll -
Odâdahraun area.

Further objectives are the assessment of the accuracy of
the JERS-I data and their applicability to map
production, accompanied by comparative studies of the
information content gained from all sensors involved.

The satellite maps to be generated at scales 1:50.000 -
1:25.000 are expected to allow for greater detail, due to
the 18,3m x 18,3m pixel size of the JERS-I Optical
Sensors (OPS) which operate in 8 spectral bands (VNIR
and SWIR).

Pétrographie mapping, furthermore, may greatly benefit
from the OPS coverage of four bands in the SWIR range.
Radar imaging (SEASAT, ERS-I, JERS-I) is to be
employed for hydrogeologic and tectonic studies of
periglacial regions. Together with the multispectral and
multitemporal data (Landsat, SPOT, JERS-I), and the
ground verification obtained, the combined findings are
to produce conclusive information on mass movement,
drainage patterns, sedimentation, soil condition, etc.

In view of the impact erosion has on Iceland, vegetation
stress, soil degradation and landcover change are to be
investigated, aided by multisensor systems.
Before being used as basic material for mapping
additional, larger areas, the data sets acquired from the
four test sites under view will be checked as to their
reliability.

In the course of the research period the following tasks
have to be undertaken:

(1) Field Investigations

-Sampling of rocks, sediments, soils, water
-Cartographic work using remotely sensed data
products
•Geodetic point measuring
-Point measuring with GPS
-Recording soil moisture, soil temperature,
air humidity, etc,
-Multitemporal spectrometric measurements
-Reading ground - water levels
-Measuring sediment deposition and flow rates
-Assessment of surface roughness
-Determination of vegetation type and density

Proceedings of the Central Symposium of the 'Internationa/ Space Year Conference Held in Munich Germany. 30 March-4 April 1992
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(2) Geochemical and Pétrographie Laboratory Work

-X-ray fluorescence analyses (RFA)
-Atom emission spectroscopic analyses (AES-ICP)
-Raster electron microscope analyses with energy
dispersion (REM-EDA)
-Determination of Fe^+/Fe^+ -ion relation by
chemical wetway analyses

-Polarizing microscope analyses of thin rock
sections, mode analyses

-Mineral separation of total rock and sediment
samples for spectroscopic use

(3) Photogrammetric Requirements

-Photogrammetric mapping based on aerial
photographs and satellite images (JERS-I, SPOT)

-Generation of Digital Terrain Models (DTMs)
from aerial photographs and satellite images

(4) Structural Research

-Lineament mapping using remote sensing data
(JERS-I OPS and SAR, ERS-I SAR, Landsat-TM
and aerial photograph /

(5) HydrogeologicWork

-Determination of soil moisture using radar data
(JERS-I, ERS-I)

-Grain size analyses
-Determination of pore space
-Recording of soil permeability
-Chemical water analyses

(6) Spectroscopic Work

-Laboratory measurements with GER-SIRIS
spectroradiometer under varying parameters
(natural/artificial light, angle of incidence,
rock dampness and soil moisture, grain size and
orientation, surface roughness)
-Measuring of monomineral preparations and
mineral mixtures

(7) Digital Data Processing

-Geocoding SAR data (JERS-I, ERS-I, SEASAT)
-Processing multispectral data (JERS-I OPS,
SPOT-HRV, Landsat-TM, -MSS)
-Generation of optimized image products by
filtering, IHS-transformation, ratioing,
natural and false colour presentations
-Automated classifications, supervised and
unsupervised
-Development of CIS models
-Integration of CIS vector data and geometrically
rectified image raster data.

(8) Merging of Data Sets

Geomorphology = relief maps and DTMs

B 1 + 3 + 5 + 7 =
Hydrogeology = hydrogeologic maps

C 1 + 2 + 6 + 7 =
Petrography = pétrographie maps

D 1+3 + 4 + 7 =
Tectonics = tectonic mips

A + C + D = Editing map products covering the
basaltic, rhyolitic and hydrothermally
altered Torfajokull area (test site 2), the
Dyngjufjoll - Odâdahraun region
(test site 4) and Reykjanes Peninsula
(test site 1)

A + B + D = Editing map products covering the
S-SSW Vatnajokull periglacial terrain
(test site 3) and the northern margin of
Myrdalsjokull (test site 2)

ANTICIPATED RESULTS

The combined approach of geologic, hydrogeologic,
tectonic research, remote sensing and field investigations
is expected to greatly facilitate the identification and
interpretation of terrain features, to lead to greater detail
and accuracy in cartographic work. Furthermore
improvements in mineral differentiation, in rock
classification and in the determination of spectral
signatures are anticipated.

Mapping and monitoring vegetation stress and erosional
activity.major problems in Iceland, will be of value to
programs set up to halt and prevent erosion or to
recultivate eroded areas.

Participants in the research project are:

-Institute for General and Applied Geology,
Standing Work Group Remote Sensing (AGF),
Munich University, Germany;
-German Aerospace Research Establishment (DLR),
Oberpfaffenhofen, Germany;
-Remote Sensing Centre (UVE), Potsdam, Germany;
-Iceland Geodetic Survey, Landmaelingar Islands,
Reykjavik, Iceland.
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Satellite Mosaic of Iceland
(produced from Landsat-MSS and -TM data showing the selected test sites)

1 Reykjanes - Hengill area
2 Torfajokull - Maelifellssandur region
3 S to SSW parts of Vatnajôkull and coastal plain
4 Dyngjufjoll - Odâdahraun area
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AEROSPACE TECHNIQUES IN RADIATION AND ECOLOBICAL HONlTORING OF THE REPUBLIC BELARUS.

I.I. Lishtvan, L.I. Kiselevskn, A.A. Kovalyov, S.B. Kostyukevich, V. S. Dragun

Byelorussian scientific and technical centre of environment remote diagnostics. (RSTC "Ecomir'J

ABSTRACT

Chernobyl catastrophe and technogenic
activit have led to considerable radiation and
ecological contamination of the Republic
Belarus territory. Byelorussian scientific and
technical centre ot remote diagnostics of the
environnent realizes international project of
complex radiation and ecological monitoring of
the republic using aerospace, Mobile and ground
technical facilities. Haps of exposure dose
rate, caesium-137 and potassium-48
distribution were made and published on the
basis of helicopter measurement data received
by aerogamma-spectrometer "Hacfar II" and
ground measurement results. A number of
ecological maps vas made.

Key Mords: Chernobyl, ecology, remote sensing,
geoinformation systems, ecological maps.

Extensive development of industry,
energetics and transport in the recent decades
have led to the negative tendencies in the
environment development and in the health of
the Byelorussian people. Excessive
concentration of industrial enterprises in
large cities caused considerable worsening of
the ecological situation because at the
enormous amount of ejections ot harmfull
substances into the atmospiere, lithospere and
hydrosphere by industrial and agricultural
enterprises, energetic objects and transport.
Using methods of chromato-mass-spectrometry one
can determine about 250 harmfull substances,
HV)'/. ol »hich having no maximum allowable levels
ol content in the air.

Tens ot thousands of people in the cities
of the republic reside inside sanitary
protection zones ot industrial interprises,
being subjected to the increased influence of
unlavourable factors of the environment. The
most complex ecological situation is in the
cities of Mogilyov, Novopolotsk, Gomel, Minsk,
buetlogorsk, Soligorsk.

Allotment of land for industrial and
municipal engineering, anthropogenic change of
landscape, reduction ol humus content in arable

lands and of natural vegetation cover intensify
negative processes in the environment. The use
of chemical fertilizers and plant protecting
chemicals in agriculture increase the content
of harmful substances in foodstuffs and
drinking water.

At present the situation his extremely
deteriorated as a result of the Chernobyl
Atomic Power Station accident. Huge radiation
load on the environment was added to nan-made
factors. Hore than fifty million cu of
different radionuclides got into the
atmosphere. Two thirds of radionuclides fell
out on the territory of the Republic Belarus.
Long period of ejection (several millions eu a
day), change ol meteorological situation (wind
direction) during this period, complex
processes of radionuclide burnup in the
destroyed active zone of the station led to the
extremely complex picture of radioactive
contamination of large territories of the
Republic. This contamination was
inhomogeneously distributed on the republics
territory (spots) and its composition wasn't
homogeneous either. Five out of six regions ot
the Republic Belarus were subjected to
radioactive contamination. As a result of
natural and technogenic processes now we can
observe radionuclide migration over the
republic's territory.

In this connection greatly increases the
role of ecological monitoring of the Republic
using remote and ground-based facilities. A
system approach in conducting these
investigations increases the quality and
accuracy of ecological information, provides an
estimate of spatial distribution of ecosystem
parameters, permits studying the processes in
interconnection and dynamics, operative
transmission of information to users and
elaboration of nature protection measures.
Complex ecological and radiation monitoring
using space, aerial, mobile and ground-based
facilities is carried out in the Republic
Belarus by the Byelorussian republican
scientific and technical centre of remote
diagnostics of the environment (RSTC "Ecomir")
in accordance with the project financed by the
government. This project called 'Complex
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ecological and radiation monitoring ol the
Republic Belarus using means of remote sensing'
was accepted by the International Coordinating
Council of the Han and the Biosphere (HAB)
Programme as fulfilling all the necessary
criteria lor international HAB pilot projects.
Schematic presentation of the works carried out
in this field in the Republic Belarus is given
in Fig 1. The investigations are conducted at
regional and local levels (a testing ground is
an administrative district with the square 2-3
thousand square km, region's square is 30-40
thousand square km).

According to the project an automatic
complex of aerial remote equipment for
installation in airplanes and helicopters is
created to control the state of the environment
and make ecological maps of the Earth surface
using measurement results in gamma,
ultra-violet, visible, near and middle IR and
microwave ranges of spectrum. The complex
cansists of aerial gamma-r ./^ctrometer for
30-3000 KEV range, ultra-violet spectrometer
for 0,25 - 0,45 mm interval, trace spectrometer
with TV following for 0,4 - 2,5 mm ange, image
spectrometer for 0,4 - 1,0 jnm interval with
spatial resolution not worse than 1 m;
microwave radiometers for 2,25; 21; 7.'J cm
wavelengths; laser-location complex for remote
determination of aerosol characteristics,
aerophotographic camera for topographic
surveys; multizone aerophotographic camera for
visible and IR ranges of spectrum to be
installed in airplanes and helicopters;
infra-red imager; high resolution TV camera;
airborne system for control, registration and
preprocessing of image spectral information.

Aerospace monitoring is followed by
synchronous and quasi-synchronous ground
measurements using mobile automatic
laboratories. Radiation and ecological
laboratories provide qualitative and
quantitative analysis of the level of
radionuclide and other harmful substances
contamination of water, soil, agricultural and
natural vegetation, air, foodstuffs. Lidar
station provides measurement of atmosphere
optical characteristics to correct the results
of aerial and space observations in the range
of 0,4 - 1,0 mm, control of aerosol formations
parameters and their transfer in the
atmosphere.

In this paper only a mobile laboratory for
interpretation and digital processing of aerial
phot-graphs, TV images and spectral information
will be described in detail. The laboratory is
mounted in a typical box-body of an automobile
with high cross-country capability. It is
provided with autonomous energy source and a
tent for auxiliary equipment. Mobile
photolaboratory provides semiautomatic and
manual processing of aerial films, black and
white and multispectral images, coiled
photopapers, contact and projection printing,
interpretation and assembly of processed
photoes (up to 10 site photo plans a day). A
special synthesizer provides operative
production of synthesized images on a display
on the basis of four black and white
photographs in narrow spectral zones.
Synthesized image is interpreted visually and

then input into PEC IBH PC/AT with the help of
colour TV camera for further digital thematic
processing. Mobile automatic working place on
the basis of PEC IBH PC/AT provide* input and
numbering of photographs, maps, Rite plans,
fixing to a digital topographic basis prepared
beforehand and stored in a computer. Data ol
aerial colour TV survey and spectrometry are
also numbered and input into PEC. Using the
results of thematic processing of photographs,
TV images, spectrograms, ground investigation
data thematic ecological digital maps are made
and corresponding data bases are formed. The
use of helicopter-laboratory and mobile
laboratories permits to investigate any region
of the Republic Belarus and make digital
thematic maps for them.

Space, aerial and ground measurement data
are sent to ecogeoinformation system provided
with regional and local computer networks,
international electronic male, a set of
automatic working places of ecolog.

In this paper the results ol complex
radiation and ecological investigation of three
regions of the Republic Belarus are given:
Hinsk (the sguare is 40.5 thousand square km),
Soligorsk and Volozhyn (the square of each is
about 2.5 thousand square km)

These regions have low and average levels
of radiation contamination as a result of the-
Chernobyl accident and considerable technoganic
stress.

The works were carried out in accordance
with the scheme given in Pig. 1.

The aim of the iverstigation was:
- to improve technical facilities and

methods and to determine the composition and
volume of the remote sensing data;

to define the level of radiation
contamination of the territories with gamma
radionuclides using the data of aerial gamma
spectrometry and ground investitior and to make
digital maps of radiation contarainactisn asing
PEC IBH PC/AT;

-to make radiation and ecological certificates
of the regions including a set of landscape,
geochemical, ecological, radiation and
prognosis maps of different scales;

- to evaluate the economic damage caused by
the Chernobyl accident and work out
ecological-economic recommendations how to
improve the ecological situation.

Aerial gamma-spectrometric surveys were
carried out by specialists of the unit
*Aerogeologia" of the USSR ministry of geology
using aerial geophysical station "Hacfar II"
made in Canada. This station is designed for
remote registration and guantitative evaluation
of exposure dose rate and the density of
surface contamination with gamma radinuclides
in the energy range 0.3a - 3.0 HEV with a
spectral step 10 KEV. The station consists of a
universal gamma-spectrometer, airborne control
and registration system, navigation equipment
and ground-based computer complex. NaI (Tl)
prismatic crystals (40x10x10 cm and 25x5x10 cm)
were used as detectors of gamma radiation. The
crystals are conjugated to photoelectronic
amplifiers and form blocks of detectors of the
volume 2.5 - Ib litres. Each block is
protected from the influence of outer

v I-
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Leve£ o/ sensing Application of sensing data

a) Map making
DlgLtat maps

- Soli
» vegetation

* Spectra £-z.ona£
and
mwttUspectrat.
Images

v) Modeling and prognosis

Ground monitoring

Technical -économie
substantiation of nature
protection measures

Figure 1. A picture oi complex ecological and radiation monitoring of the Republic Belarus
territory using remote sensing , Mobile and ground - baaed means:

!.Artificial Earth satellites "Almaz", "COSMOS", "Rasours", orbital station "IUr".
2.Airplane and helicopter laboratories.
3.Mobile automatic radiometric and ecological laboratories,lidar station, mobile labora-

tory for interpretation and digital processing of multispectral and black and «bite photo-
graphs, TV images,spectral information.

4.Ground-based systems for ecological data collection.
a.Republican ecogeoinformation system , regional and local computer networks, automatic
vorking places of an ecalog.

electromagnetic fields and thermostated. This
provides high stability of energetic scale.
The resolution (0.66 HEV) of Caesium-137 detec-
tor is 8X and of thallium - 208 one (2.62
NEV) is 5'/,. Airborne navigation equipment
consisting of Doppler and course systems and
onboard computer provides fixation error not
worse than 35-4S m. The surveys vere carried
out from helicopter (11-8 ( the altitude
10^-150 m and speed being 100-170 km/h ).

The scale vas 1:200000 for Hinsk region,
1:50000 and 1:10000 for Soligorsk and Volozhyn
districts, respectively. With given scales the
distance between survey routes changes in the
range 0,1-2,0 km. Reproducibility of aerial
gamma-spectrometry was evaluated by repeated
routes and was T/. .

More than 4000 samples of soil were
collected simultaneously with remote
measurements on the territory of Volozhyn
district. A standard testing ground was created
there to calibrate the results of aerial
gamma-spectrometry. Sample radioactivity was
measured by certified semiconductor
spectrometers and high efficiency automatic
32-crystal gamma-spectrometer where the
geometry of measurements ia close to round
solid angle (411 radian).This allows to measure
samples of any configuration. The convergence

of the results of remote and ground
measurements was 15-20X .

Using the data of helicopter and ground
measurements and taking into account the level
of radionuclide deepening three types of
radiation maps of Minsk region, Soligorsk and
Volozhyn districts were made and published for
the population and specialists. These are the
maps of caesium-137 and potassium-40
distribution in cu/km and of exposure dose
rate. The maps are made with the following
scales: 1:10000, 1:50000, 1:100000, 1:200000,
1:500000. Also, we have digital analogs of
these maps made by a personal computer IBM
PC/AT.

Soligorsk district lies in the south of
Minsk region and is one of the largest deposits
of potassium fertilizers mining and peat
extracting in the world. The southern part of
the region was subjected to considerable
radiation contamination due to Chernobyl
catastrophe. As • result, the nature of the
region undergoes great technogenic influence.
The Soligorsk district has the average
coefficient of anthropogenic transformation of
more than 230 000 sq. m. per sq. Ka. if we
evaluate the changeability of the Earth surface
in accordance with the rock transferred (sq.m.)
per unit area. The coefficient ia up to 10
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million Bq. R. per sq. km. near potassium
mining plants. A bulk technogenic relief «as
formed as salt heaps with the height of 100
metres in the area of potassium mining plants.
Their slopes are subjected to a great wind and
water erosion. At the foot of salt heaps there
are large slime storages actively influencing
the processes of swamping and salinization.
The salt heaps cover more than 500 hectares.
Slime storage with deposit thickness of 10-12
m. occupy about 400 hectares. The total volume
of industrial wastes accumulated on the Earth
surface exceeds 400 million tons. Besides,
large subsidence with the depth ol J-b metres
are formed above nine fields, and swamping
areas appear. The undergoing reclamation work
leads to the lowering of ground water level
that has negative influence on the
environmental state.

Soligorsk district undergoes detailed
investigation with the help of remote methods
beginning from 1951. A considerable number oi
BW, spectrozonal and multispectral aerial
photographs has been obtained. The photographs
differ in scale (from 1:7500 up to 1:200 000),
season (April-November) and spectral ranges. A
radiolocation photography was carried out in
1971-1978 and a thermal one was made in 1969
within two ranges (3-5 mkm and 8-14 mkm) with
the help of the "Vulcan" IR imager. A wide
range of photographic and scanner pictures has
been obtained from the following artificial
satellites: "Uosmos", "Meteor", "Resours",
"Almaz", "Landsat". A great body oi data from
aviation, TV and spectrometnc photography as
well as microvave one has been gathered. As a
result of the performed work, the Byelorussian
Centre of Remote Diagnosis of Environment
suggested international organizations to use
Soligorsk district as an international
ecological testing ground showing a high level
of technogenic and radiation load. The
government of the Republic Belarus approved
the suggestion.

The interpretation of the multispectral
photographs is carried out with the help of the
synthesizing projector BSP-4 as well as gitital
processing. Input and numbering of photographs
are made on standard equipment. The numbered
photographs undergo the initial processing that
includes photometric, geometric and atmospheric
correction, filtering, quantization, bound
areas extraction. Further images processing
includes matching of photographs different from
the point of view of time and zones,
calculation of vegetation indices, orthogonal
data transformation, use of classification
method», fixing of photographs to the digital
topological basis.

Retrospective analysis of aerial
photographe, made during 40 years, permitted to
detect and follow the development oi some
technogenic subsidences above underworked
potaaaiu» horizon* ai well te the conditions of
atoring and the dynamic» of salt heap» growth,
•and carrying, mineralization peat bed, the
•tate of the »w»»p*d area» to prognoz* the
development of technogenic audaidencea.

The (oil cover i» practically destroyed on
the area about 1580 hectare* during the
operation of potassius mining plant». The soil

cover is subjected to salinization Kith easily
soluble mineral salts (chlorides, sodium,
potassium) on a considerable area. Soil
salinization is due to great volumes of dust
and gas ejections by potassium mining plants and
thermal power stations, infiltration of
contaminated waters through the bed and dikes
of liquid and solid waste storages with its
further migration by underground waters, wind
and water erosion of salt heaps. The total
volume of ejections is 2 000 tons of salt dust
per year.

The analysis of microvave photography
materials and ground measurement results showed
that the maximum salt fall-out is due to the
ejection sources. The fall-out exponentionally
decreases with the removal from the sources.
The total annual volume of salt dust ejections
is 2 000 tons. If the salt content in soil is
7-10 times greater than in natural conditions,
than at the distance of 3 km it is 3-5 times
greater, at the distance of 10 km - 1.5 times,
une can easily see two areals of the greatest
salt fall-out: the first is characteristic of
overlapping influence zones of the 1st, 2nd and
3rd potassium mining plants, the second one is
typical for the zone of the 4th potassium
mining plant (fig.2). The chlorides content in
soil can be found at the distance of 3-4 km
from potassium mining plants where stress in
development Qi agricultural plants takes place.

SofLgorsk

Figure 2. Levels of salt fallout on the surface
in the zone ox potassium mining plant
kg/he per day.

Radar survey of Soligorsk industrial region
was made in April, June and October 1991 on the
basis of a radar station with synthesized
aperture on board " Almaz-1" satellite
operating at 9.6 cm wave length (horizontal
radiation polarization). The radar provided the
distance and azimuth resolution not worse than
10-15 m. The results of digital processing and
interpretation of multitemporal radar images
made it possible to follow the dynamics of
seasonal and technogenic landscape changes of
-he region, in particular, in the zones of salt
heaps and slime storages of potasium mining
plants, to reveal the zones of excessive
moisture content in soil, as well as zones of
underflooding in the vicinity of Soligorsk
water baain.

Helicopter radar microvave «urvey oi
Soligorsk and Volozhyn districts was made in
October 1991. The survey «a» conducted for
complementing apace measurement data and making
large-scale maps of soil moisture of arable

1
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lands. The measurements of soil brightness
temperatures were conducted with the help of
radiometric complex, designed at the Institute
of Radioelectronics of the Russian Academy of
Sciences. The complex includes five radiometers
lor 2.25, la, 21, 27 and 30 cm wave length,
receiving aerials, on-board registration
system.

5.9 - 6. 6X
6.6 - 7.3X
7.3 - 8.0X

8. 0 - S. Tt.
8. 7 - 9. 4»
9.4 - i«. i!c
10.1 - 10. ax

Figure 3. Hap of gravimetric soil moisture
in the vicinity of slime storage
(Soiigorsk district).

js---^^0. BB - 0.05 g/sm1

{ 18. 05 - 0.11 g/sm'
[ 1 1 1 1 1 1 1 1 1 1 0 . Ii - 0.16 g/sm»
Y//////A<t. 16 - 0.22 g/sm*

0.22 - 0.27 g/sm9

0.27 - 8.32 g/sm*
0.32 - 0.38 g/sm1

0.36 - 0.43 g/am5

figure 4. Hap of volume soil moisture oi
reclamated area (Volozhyn district).

The radiation characteristics of open soils
on cm and dm waves are determined by volume
content of moisture content in soil. The change
of the volume of soil moisture from zero to
absolute moisture capacity leads to the
decrease of its brightness temperature to
100-150 Kelvin, radiation coefficient change
being inversely proportional to moisture
content change. This behaviour is explained by
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the interconnection of radiation intensity and
the thickness of effectively radiating layer of
humid soil with its dielectric penetration and
electromagnetic waves absorption in soil,
Vegetation cover on the soil surface serves as
a screen for soil radiation and leads to the
decrease of radiation moisture dependence, the
vegetation influence decreasing with the
increase of wavelength.

Radiometric complex was installed on
board the KA-26 helicopter. The survey was
carried out from the altitude of 70-100 metres
and the vision band of the Earth surface was
60-70 metres, and the the survey productivity
was about 100 hectares per hour. Soil volume
moisture values were restored on the basis of
the results of trace measurement of Earth
surface brightness temperatures at different
wavelengths. The volume moisture can be
transferred into weighing one taking into
consideration the given soil parameters
(density, maximum hygroscopicity). Besides,
levels of ground water bedding can be estimated
regarding brightness temperatures difference at
cm and dm waves due to the different thickness
of the effectively radiating soil layer.

We can single out the following practical
results of radiometric survey of arable lands:
detection of soil increased moisture zones in
the vicinity of one of slime storages of a
potassium mining plant (fig. 3); the excessive
mosaic structure of soil moisture on one of the
reclaimed areas in Volozhyn district (fig. 4>.

The following thematic ecological maps
(1:56 000) were made on the basis of the
results of complex remote and ground
investigations of Soligorsk and Volozhyn
districts. These are the naps of: modern
geological processes, relief stability to
technological loads, the quality of underground
waters, water reservoirs and rivers, swamped
land, aerolandscape, soil, geobotanic,
vegetation contamination with heavy metals and
sulphur, water content in ground, the depth
level of underground waters, effective
placement of agricultural fields, forest
complexes, horizontal migration of
radionuclides, transfer of contaminated
impurities in air basins of Minsk, Soligorsk
and the surrounding areas.

The above mentioned maps together with the
ones of radiation contamination form a
radiation and ecological certificate of the
region and are the basis for making management
decisions concerning environment optimization.
These materials are also necessary for foreign
investors who would Ilk* to start production on
the territory of the Republic Belarus.

Taking into account the obtained data, an ana-
lysis and estimation of the damage caused to
agricultural production , forests , as well
as social sphere as a result of radiation
and ecological contamination have been mad*.
Corresponding methods for evaluating the danage
were worked out using remote and ground
measurements results.

•.Hi





519

DETERMINATION OF ENVIRONMENTAL DYNAMICS USING NOAA SATELLITE DATA AND A
WATER BALANCE MODEL FOR THE MEDITERRANEAN LANDSCAPE

P. PERONI, A. D'EPIFANIO, C. MARTELLACCI

Telespazio
ViaTiburtina,965

00156 ROMA

ABSTRACT

The analysis of vegetation condition during the critical season
in the Mediterranean area (summerperiod) has been carried out
with a new synthetic approach to the study of the vegetation
dynamics in terms of the physiological state, which is a function
of three main components: vegetation cover, water availability
and photosynthetic activity. A Synthetic Stress Index has been
de fined from the integration of static (land use map) and dynamic
information coming from NOAA-satellite data (AVHKR) and
from the output of the Thomthwaite water balance model.
Applications to the Sardinia island and preliminary results for
the year 1989 are here presented.

1. Introduction

The Mediterranean area is characterized by a

warm-temperate climate with mild to cool wet winters and

warm to hot dry summers with high solar radiation and low

rates of evaporation.

In particular, long drought periods with high temperatures

are typical of the summer season and plants respond to these

critical conditions with morphological and ecophysiological

adaptations. The morpho-physiological characteristics which

are involved in the response to water deficit, are related to

adaptations leading to the acquisition of the maximum

amount of available water, to the conservation and efficient

use of the acquired water and to the protection of cells from

desiccation.

Furthermore, the plant response to thermal stress has

evolved in adaptations to protect the photosynthetic process,

which is more temperature-sensitive than others. High plant

temperatures are almost invariably associated with the

cessation of transpirational cooling, following stomatal

closure in response to drought. Consequently, because of a

strong association between drought and high temperatures,

it can be very difficult to disentangle the effects of each stress

on plants growing in the field (Larcher, 1989).

Mediterranean vegetation has seasonal rhythms

according to climatic conditions: spring is the main vegetative

period, while summer causes a reduction of vegetative

processes, such as photosynthesis and transpiration ( Arrigoni,

1968). Photosynthetic activity reduction is mainly due to the

thermal stress and the transpiration reduction is caused by

water deficit. Water loss depends on the soil recharge

(precipitations), but ii is also strongly related to the soil

characteristics and, within a given climatic zone, the

availability of water for plant uptake'depends upon the

water-storing properties of the soil.

The degree of modifications in photosynthesis and

transpiration is furthermore controlled by morphological

adaptations of plants and, at a more complex level, of the

vegetation formation.

The analysis of the evolution of the vegetation condition

can be realized using multitemporal (high frequency) satellite

data (Peroni and Martellacci, 1991) and the output of a water

balance simulation model integrated with cartographic

information, such as soil and vegetation maps by means of a

GIS (Geographic Information System).

2. Approach

The monitoring of vegetation conditions (in terms of

photosynthetic activity) at a regional scale can be realized

using NOAA-AVHRR satellite data (Townshend et al.,

1986). The geometric (1.1 Km x 1.1 Km) and the radiometric

(5 bands) resolution of the AVHRR sensor and the frequency

acquisition (daily) of satellite NOAA allow the monitoring of

the seasonal and long-term evolution of the land cover.

The application of the AVHRR vegetation index has

received much attention in the last several years and, in

particular, field measurements have established that there is

a relatioship between green biomass and the Normalized

Difference Vegetation Index (NDVI), which is the ratio of

the difference between the near infrared and red reflectance

to their sum (Kennedy, 1989; Malingreau et al. 1989). The

Proceedings ol the Central Symposium of the International Space Vear' Conference He'd in Munich. Germany, 30 March-4 Apr/1 1992
lESA SP34J My 1992)
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first spectral channel is in a part of the spectrum (0.58-0.68

|im) where chlorophyll causes considerable absorption of the
incoming radiation and the second channel is in a spectral
region (0.725-1.1 |im) where spongy mesophyll leaf structure

leads to considerable reflectance.

Estimates of the water balance (depending on water
requirements in the atmosphere and water availability in the
soil) at a regional scale can be obtained by applying the

Thornthwaite model (Thornthwaite, 1948;Thornthwaite and
Mather, 1957). This model combines meteorological data

(monthly precipitation and temperature) and pedological

data (AWC = Available Water Capacity) in order to evaluate
Potential Evapotranspiration (PE), which is water loss under

conditions of unlimited water supply, and Actual

Evapotranspiration (AE), which is water really lost by plants
and soil surfaces. The ratio AE / PE can give a measurement

of the water stress condition and an estimation of the critical
state of vegetation.

The authors have analyzed the possibility of an integration

of NDVI and water stress trends (at the same time scale) with

land cover characteristics and defined a Synthetic Stress Index

(SSI), which is able to characterize geographical areas in
terms of the different adaptability of vegetation to climatic

conditions (land cover), of the actual availability of

limiting-factor, such as water, and of the actual state of the
green biomass (NDVI).

Fig. 1 - Territorial Names Map
of Sardinia Island

3. Test site

The study has been done on the Sardinia island which has
a typical Mediterranean climate and vegetation. Climate has

been described above, while, on the other hand, vegetation

presents a limiied distribution of woodlands on the

mountains, with evergreen forests of Quercus suberand Q.ttex

at low altitude and deciduous forests of Q.pubescens at a
higher altitude, a great extension of brushwoods (maquis and

garrigue), and many endemic species (AA.VV., 1986). It has

to be noticed that the impact of pastural pressure has caused
the distraction of wide woodlands mainly in the phytoclimatic

zone of evergreen forest and the consequent functional,

structural and visual degradation of the landscape.

4. Method!,

The SSI has been obtained with the weighed stratification
of three information layers:

a) vegetation cover typology
b) green biomass state

c) water stress conditions.

Each component will be analyzed separately due to the
different data characteristics and consequent data processing.

a) Vegetation cover typology

A land use map ( 1:200.000) has been utilized for this study
because, at the present time, a vegetation map at a regional

scale is not available. The map has been reclassified to get

information related to the natural cover and the zones with

high human pressure (agricultural areas) have been grouped
in a single class. The original land-use classes were reduced

to five on the basis of a criterion on the biomass amount. This

criterion was suggested by two considerations: one is that

biomass is highly correlated to the physiognomic aspect of
vegetation, the other one is based on the relation between
green biomass and NDVI.

b) Green biomass state

Channels 1 and 2 of NOAA-AVHRR sensor for the

period June-September, 1989, have been processed to

produce daily NDVI images. Each image has been geocoded

in UTM projection and then the Maximum Value Composite
(MVC) technique (Gutman, 1989; Holben, 1986) has been

applied to correct the atmospheric effects: 10-days NDVI

images of the Sardinia region were the final output of image
processing.
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After the raster-vector conversion, the NDVI maps have
been classified in different photosynthetic activity levels (5
classes). The NDVI map correction on coast line has been

quite difficult because the coarse spatial resolution of

AVHRR and the image registration to produce NDVI
10-days images caused considerable shifting of the shoreline.

The Thornthwaite model was modified to use data based
on 10-days averages instead on monthly ones, in order to
realize a comparison between NDVI and water stress. For

each cell, water stress was calculated as the AE/PE ratio. The
last phase was the water balance map classification based on
different levels of deficit (7 classes).

ON « Digital Numb.r

B 1 < DU < 40

g§ 40 < DU < 60

J2 GB < OH < 99

Q 10 < DN < 108

Q] 108 < OU <

Fig. 2- .V'1Wl Mat)

(June 2"d Decade)

Fig. 3-

I A unust I *' Decade)

c) Water stress conditions

The application of the Thornthwaite water balance model

required the processing of meteorological and soil data using

a grid with 20 Km x 20 Km cell resolution. The soil map
(1:1.000.000) was digitized and then analyzed in its
pedological classification to calculate the AWC (Salter and

Williams, 1969). The grid superposition on the soil map
permitted to calculate an average AWC for each cell based
on the percentage of each class.

Meteorological data (daily minimum and maximum

temperature and precipitation) from 42 stations for the year

1989 were acquired from the Servizio Idrografico • Lavori
Pubblici of Sardinia region, and then analyzed to calculate
10-days average temperatures and total precipitation. The
spatialization model required a Digital Terrain Model to
consider the orography. A DTM with a spatial resolution of
1 Km x 1 Km was utilized and then meteorological data were

referred to the grid.

d) Synthetic Stress Index (SSI) calculation

The three previous maps of biomass, photosynthetic
activity and water deficit were stratified to produce the SSI
maps. The SSI algorithm is the following:

SSI - (axBIO) + (bxNDVI) + (exWAT)

where:
BIO = biomass class
NDVI « photosynthetic activity class
WAT -deficitclass
a,b,c * weighed coefficients; (a+b-t-c) « 100

The SSI classification presents five stress levels. The main
characteristics of the SSI maps are:
• high stress conditions are related to low levels of SSI;
• another class has been added, referred to croplands, because
during the summer season these areas are unvegetated or
irrigated and then or out of interest or not influenced by
meteo-climatic condition.
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Fig. 4 - Water llahmce Map

(June 2"<t Decade)
Fig. 5 - Water llalance Map

HXt Is1 Decade)

5. Results

The analysis of NDVI and water balance trends and their
synthesis with land-use component to produce SSI maps has

suggested the following considerations:

- the water balance model simulates a regular increase in
drought condition during the all summer period;

- NDVI maps show in some areas an anomalous trend (an

increase in the green biomass level not supported by a positive
variation in deficit level) due to the atmospheric effects. The
stratification in SSI maps mitigate this noise factor;

- based on the dynamic information, the west coast of Sardinia

island is affected by drought more than other zones. Local
water deficit is also present in Cagliari and Olbia inlands;

- the mountains, where the human impact is limited, show a

good vegetation condition for water availability,

photosynthetic activity and land cover. These characteristics
are related to phytoclimatic zones (forests of Q.ilex at lower
altitude and woodlands of Q.pubescens at higher quote) and

are present in the following areas, in North-South direction:

Monte Limabara, Goceano, and Marghine chains,
Gennargentu massif, Sulcis and Sarrabus areas;

- SSI is highly correlated to the strong land use class change
from woodlands to pasturelands.

6. Conclusions

For the authors, the preliminary results of this study seem
to suggest that an integrated approach to a dynamic

phenomenon, such as the vegetation state during the summer

season in the Mediterranean area, can constitute an
improvement to the environment monitoring and can
represent an useful instrument in regional control planning
for forest fire prevention.

Further studies will be devoted to a better accuracy in the
input data processing (NDVI daily images stratification and
grid resolution of the model) and to a better analysis of the
classification levels.
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Agroclimatological zonation by AVHRR data for Vegetation
Monitoring

R. Benedetti, P. Rossini, M. Sernicola

Telespazio, Remote Sensing Department,
Via Tiburtina 965,00156 Rome, Italy

ABSTRACT

An agroraeteorological zonation and
classification is considered of key
importance from those boards and agencies in
charge of environmental and agricultural
monitoring, in order to get a useful
classification of the effective cultural
potentiality and vocation of the area
considered. However, this is a very hard task
to carry on since a huge quantity of
detailed data , must be collected and
combined in plant-specific theoretical models
that often have to be fitted to the specific
characteristics of the area considered.
Observing directly the plants radiometric
response and their photosynthetic efficiency
and behaviour during the whole season it
makes possible to record the canopy
reactions to environmental stresses and
constraints, avoiding to pass through growth
simulation models, and to collect a huge and
expensive quantity of data. The aim of this
study is first to define areas with
homogeneous time NDVI profile characterized
by a similar vegetation composition and
timing, and then to select and identify,
within these zones, areas with different
photosynthetic potential and productivity
.The method chosen is an unsupervised
classification of each single pixel NDVI
profile, with a posteriori interpretation of
each class obtained. The timeframe chosen is
the four-year span between 1986 and 1989, and
the study area considered is the
Mediterranean region centred on Italy. 39
homogeneous areas with different
photosynthetic potential ; id timing are
produced and grouped in 17 main typologies of
land cover.

1. INTRODUCTION

An agrometeorological zonation and
classification is considered of key
importance from those boards and agencies in
charge of environmental and agricultural
monitoring. National (Ministère
dell'Agricoltura, 1983) and international
Organizations (F.A.O. Agro-ecological Zone
Project), are directly involved in this

research in order to get a useful
classification of the effective cultural
potentiality and vocation of the area
considered. However, this is a very hard task
to carry on since climate, pedological and
plant detailed data (in space and time),
must be combined in plant-specific
theoretical models that often have to be
fitted to the specific characteristics of the
area considered. This increases a lot the
amount of work to do, including data
elaboration and interpolation, while the
outputs aren't always available at the
desired scale and time.

Observing directly the plants
radiometric response and their photosynthetic
efficiency and behaviour during the whole
season it makes possible to record the canopy
reactions to environmental stresses and
constraints avoiding to pass through growth
simulation models, and to collect a huge and
expensive quantity of data.

2. DATA PROCESSING

AVHRR images from satellite NOAA 9 and
11 were navigated and geometrically
corrected, assigning to each pixel latitude
and longitude values and worping the images
in order to register it to a specific
cartographic projection scale. In the
specific case the Equatorial Mercatore
Projection were used.

AVHRR Channels 1 and 2 were calibrated
in order to convert raw data (counts) into
bidirectional reflectances.

The pixel's dimension obtained was
about 1 square km with an accuracy of about
3-4 pixels at the ground. For each image, the
Normalized Difference Vegetation Index was
computed on a pixel by pixel basis (Gutman
1987) .

More then 800 AVHRR images were
globally acquired for the period 1986-1989.
As NDVI time series are strongly influenced
by several noises due to differences in
atmospheric conditions, position of the sun,
and view angles of the sensor, we used the
Maximum Value Composite, MVC, method to
analyse NDVI time series (Holben 1986). We
considered as real or very near to the real
vegetation observed NDVI value, the maximum
value assumed by the vegetation index in a
month on a pixel by pixel basis. Putting
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together the maximum value of each month it
is possible to build the annual vegetation
index "Profile" of the observed pixel or
area, outlining the dynamic evolution of the
NDVI value through the year.

3. REMOTE
DYNAMICS

SENSING OF VEGETATION

The vegetation index profile proved to
be representative of plant assimilation
condition and of its photosynthetic apparatus
capacity (Malingreau 1986; Benedetti, Rossini
1992) in good accordance with the outputs of
some theoretical models on primary production
significance of vegetation indices (Sellers
1986, Tucker and Sellers 1986).In particular
vegetation index dynamic in time is dominated
by 3 main plant parameters: the Leaf Area
Index, LAI, the rate of Dry Matter Increase,
DMI, and the Gross Assimilation Rate, GASS .

These parameters sufficiently describe
the behaviour and the physiological state of
the crop, insofar as they measure the plant's
photosynthetic capacity (the first), and the
effective u t i l i z a t i o n of PAR
(photosynthetically active solar radiation)
in assimilation processes (the second and the
third) .

They are strongly conditioned by
climatic trends and, in particular, by the
behaviour of precipitation, temperature and
daily radiation.

This means that the vegetation index is
representative not only of plant's
photosynthetic apparatus extension, but also
of the photosynthetic efficiency variation
through time due to changes in the
meteorological and environmental parameters.

4. VEGETATION
AGROCLIMATOLOGICAL ZONATION

MAPPING AND

Some studies have been conducted since
1985 on the possibility to use such data for
land cover classification and vegetation
mapping. Efforts were made to map vegetation
with different methods: through a simple NDVI
image integration in time (Malingreau 1986;
Townshend et al. 1987), through sophisticated
mathematical techniques (Tucker, et al. 1985;
Townshend et al. 1987), or through a
supervised binary decision tree
classification (LLoyd 1990) . These studies
are based on the strong relationships found
between natural and cropped vegetation
phenology and the relative NDVI data.

The study of the homogeneity of NDVI
time series is strictly related to the
complexity of the underlying dynamic
phenomena. For this reason, in order to
eliminate the effects of all the phenomena
which were out of our interest, 4 years NDVI
time series were simplified, as above
mentioned, in monthly series by the use of
Maximum Value Composite procedure and than in
a single profile obtained by evaluating the
mean value of each month in the 1 years. The

aim of the last operation is to provide a
data set which is as independent as possible
of climatological conditions of each single
year.

In classifying the information provided
by these profiles we followed the k-means
unsupervised criterion (Anderberg 1973) . An a
posteriori interpretation of each class have
been performed in the classification process,
based on the mean value of each class NDVI
profile. Using 50 initial classes the
clustering algorithm reached the stability
criterion (no unit migration between
clusters) at 39 classes which have been later
aggregated in 17 (see fig. 1).

This approach allowed us to use land
and agricultural a priori knowledge, i.e.
land use maps or identification of
characteristic phenological behaviour, only
in the class labeling and aggregation steps.

5. RESULTS AND DISCUSSION

The output of our unsupervised
classification is represented by 39 land
cover classes for which the mean vegetation
index profile in the spring-summer period is
relatively homogeneous. Fig. 1 represents an
aggregation to 17 macro-classes grouped in
the A main environments : natural ecosystem,
low intensity agroecosystems, high intensity
agroecosystems, non vegetated areas. The 17
classes were identified in 17 different land
cover typologies on the base of author
personal knowledge of the Italian territory
and using existent land cover maps (C.N.R.
1974). This land-cover interpretation should
be considered as preliminar and propositive.
More informations and studies must be carried
on before to consider it as conclusive.

Each of these classes contains a
number of differentiated regions with
characteristics homogeneous as regard to
vegetation composition (physiognomic and
floristic characteristics), phenological
timing, land use and radiometric response of
dominant species.

It is particularly interesting the
difference between vegetation index profiles
of areas with medium-high intensity and those
with low intensity agriculture. Fig. 2 shows
the principal profiles for the 17 macro-
classes. Areas with winter crops dominance
(mainly wheat), but low intensity agriculture
(class "Extensive winter crops"), present
similar phenological timing with those areas
with high intensity of cultivation (class
"wheat"), but different productivity as the
corresponding NDVI values are smaller. The
mean profile of Mediterranean tree-crops
(olive-tree, vineyards, citrus fruit) is well
distinguishable from that of the summer high
intensity crop (maize, sugar-beet, soybean),
since, even if they are both vegetated
through the whole summer, the summer crops
absolute NDVI value is higher for the bigger
photosynthetic apparatus developed. Marked
differences are evident even with the rice
single-crop farming class, with a sharp
increase of NDVI profile from the half of may
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in correspondence with canopy "closure" of
watered soil. Irrigated lowland's pasture and
meadows shows high values during spring and
summer time, as a consequence of water
availability and are concentrated in the
Padana Valley south of Po river where fodder
crops are dominant. Mediterranean tree crops
are present principally in south Italy
(Puglia and Sicilia) and show a medium-low
profile due to low density of planting and
percentage of land covered as to lower
photosynthetic productivity if compared to
that of annual crops.

For what concerns natural vegetation,
coniferous forest, evergreen wood and shrubs
show relative high values, in winter time, as
compared to deciduous wood and high mountain
vegetation where the winter months are
characterized by absence of leaves or snow
coverage .

A particular class that must be
mentioned is that found in North Tunisia with
semi-desertic vegetation (Kennedy 1989) with
scattered dwarfed woody perennial shrubs, and
annual grasses showing a weak activity only
during the winter rainy season.

This work confirm what previously found
about the importance of NDVI data £or
vegetation and land cover mapping at regional
and national scale. Improvements must be
assessed in order to extend the
classification to the whole year and not only
to spring-summer months. This could probably
allow to distinguish better some classes with
very similar time profile in that period.

Finally an "ad hoc" study on the
significance of productivity distribution
within each of the macro-classes should be
assessed, especially for those typologies
representing the principal italian
agroecosystems .
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Figure 3
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A KNOWLEDUE-BASED APPROACH TO WASTE DISPOSAL SITES DETECTION THROUGH
INTEGRATION OF LANDSAT-TM IMAGERYAND GEOGRAPHICAL CONTEXT INFORMATION

R. Loguercio-Polosa1, C. Piccinni1, N. Sciacovelli1, A. M. Tonelli

1 Tecnopolis CSATA Novus Ortus, 70010 Valenzano (Ban) ITALY

ABSTRACT

A satellite image interpretation methodology using a
knowledge- based approach which integrates traditional image
processing techniques and knowledge of spectral, spatial and
contextual properties is described. The method is intended for
use on Landsat-TM imagery in processes of waste disposal site
detection. The integration model used is based on the Dempster-
Shafer Theory of Evidence which offers a suitable data fusion
and uncertainty handling framework. The knowledge necessary
to drive the detection process is derived from the results of
spectral and spatial analyses performed on the training Landsat-
TM scene and from other information relating to specific
properties and features of dump sites.

Keywords: remote sensing, multisource data classification,
knowledge integration

1. INTRODUCTION

The problem of uncontrolled dump sites as the most popular
way of disposing waste has been generating, in the last few
years, a situation of environmental public concern. In fact, most
dumn sites are uncontrolled and unlawful and their location is
often unknown (Réf. 1). Detecting dump sites through satellite
remote sensing analyses is not an easy task. In particular, the 30
metres spatial resolution of Landsat-TM causes the detection
process to be effective only for those of large and medium size.
Also, waste disposal sites typically do not have spectral features
and properties univocally distinguishable. Nevertheless, fairly
good results in the detection can be achieved analyzing some
bio-physical parameters (such as vegetation index, thermal
inertia, surface soil moisture content, etc.) which can be related
to the spectral response of dump sites (Réf. 3). On the other
hand, more problem-specific domain knowledge can be
successfully used to strengthen the traditional image processing
techniques towards the detection of dump sites (Refs. 4,7).
While traditional image segmentation schemes are not equipped
to use knowledge in various forms, knowledge-based techniques
can better solve the problem of distinguishing dump sites among
other spectrally similar structures through combination of
various data types. The data integration model used in this
research originates from the Dcmpster-Shafer (DS) Theory of
Evidence which offers a suitable data fusion framework able to
treat knowledge in various forms, as well as incomplete and

uncertain data.

2. KNOWLEDGEIDENTIFICATION

Basically, the problem of detecting waste sites can be regarded
as a land-cover classification process in which we are interested
in identifying the class DUMP SITES among the other entities
in the scene. Since natural land-cover types have an implicit
hierarchical structure, we have organized the information
content of our TM images into a suitable information tree. On
the basis of the fact that uncontrolled and abandoned dump sites
are semi-natural areas with normally few or no vegetation cover,
just like caves, urban areas and bare lands, we have built the
three-level and nine-nodes decision tree depicted in Fig. 1.

O.ALL THE CLASSES

!.VEGETATION 2.NONJVEGETATION

3.WATER
REGIONS

4.INDUST./
URB. AREAS,
TRANSP. UNITS

S.SEMI-NAT.
AREAS

6.DUMP
SITES

T
7.CA VES 8.OPEN

SPACES

Fig. 1: The decision tree.

It has been given a higher level of detail to that portion of the
tree which best describes, in terms of properties common to
land-cover classes, the correct information domain to which the
class DUMP SITES belongs. Consequently, "not meaningful"
classes, like VEGETATION and WATER REGIONS, have not
been furtherly branched.

2.1 Spectral Knowledge

Spectral knowledge derives from the analysis of the behaviour
of the scene features with respect to specific bio-physical
parameters which can be studied and defined through bands
transformation. The parameters used in this research are
Vegetation Index, Thermal Inertia, Soil Moisture Content
(Wetness) and Normalized Difference between TM band 1 and
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band 4.
Green vegetation usually shows a high reflectance in the near-
infrared region and a low reflectance in the red visible region. A
Vegetation Index (VI), defined as the ratio between Landsat-TM
band 4 (TM4) and band 3 (TM3), has been used to discriminate
between vegetated and not vegetated (Réf. 7). The condition
TM4=TM3, gives a threshold value for VI that allows to
separate green vegetation, which performs photosynthetical
processes (VI>1) from not vegetated areas (VLcI), such dump
sites, and surface water bodies (VI«1 close to O).
Normalized difference between TM bands 4 and 7 (Wetness
function) has been used to discriminate between relatively dry
soils (such as dump sites) and humid ones, because the absolute
difference between bands 4 and 7 decreases as the soil moisture
content increases.
Thermal Inertia (TI), defined as the ratio between coalbedo and
the correspondent variation of temperature, measures the
resistance (inertia) of materials to change their temperature even
for high heat exchanges. A proposed used formulation of
Thermal Inertia using Landsat-TM bands is (Réf. 8).

TI =
255-(l/4)*(Bl+B2+B3+B4)

B6- [(min(B6)-0.1*(max(B6)-min(B6))]

the upper term giving an estimation of the absorbed heat
quantity between day time and night time and the lower term
being related to the temperature rise after dawn. Slightly high
values of TI are expected on dump sites since these are
endogenous heat sources and humid areas, due both to anaerobic
processes and to their heterogeneous composition.
Normalized difference between TM bands 1 and 4 allows to
gain a better contrast for those structures which show a
complementary behaviour in those spectral regions (like urban
areas, surface water bodies, transportation units, caves and
linear structures).

2.2 Context Knowledge

The use of context knowledge in satellite image interpretation
emphasizes the need to express a priori knowledge of the object
in a heuristic manner with the purpose of improving the
accuracy of the classification results.
In the dump sites detection problem, context heuristic
knowledge refers to properties specifically pertaining to dump
sites. For example, due to economic reasons, waste disposal
sites are located not too far from towns (where waste is
produced) and not too close to them to reduce social impact.
This criterion forms the basis for a heuristic rule which gives
more weight to those objects lying in the "safe distance" range
from towns. Also, knowledge of shape and dimension of the
scene entities helps adjust classification results depending on the
fact that dump sites are known to have extension generally
ranging from few to tens hectares and quite regular shape like a
convex polyline. These criteria form the basis for spatial
heuristic rules which, operating on preclassified maps, improve
final results.

3. THE KNOWLEDGE-BASED WASTE DISPOSAL SITES
DETECTION MODEL

The proposed ump sites detection model is based on the
Dempster-Shafer Theory of Evidence, which is concerned with
integrating and propagating information about hypotheses (in

our case a group of land cover classes among which dump sites)
in a hierarchical tree. All the evidences are combined through a
special function which focusses belief onto the optimal
hypothesis, thus producing the best possible classification.
Uncertainty handling is more effective under the DS scheme,
since lack of evidence for a particular class is not treated as
evidence to be shared between all other classes as it happens in
the classical approaches (e.g. Bayesian). There is no theoretical
limit to the number of information to be combined: the more the
knowledge, the more accurate the response of the method. We
have chosen the Gordon-Shortliffe (GS) approximation to the
DS algorithm which is more suitable for land cover
classification problems in remote sensing (Réf. 9). Refer to
literature (Réf. 2) for details on the GS method.

3.1 Knowledge Representation

The way to pass the whole available spectral, spatial and
contextual knowledge to the GS integration model, is to attach
support values in the range [0,1] to all the collected information.
There are two steps:
• analysis of the information sources in order to extract spectral,
spatial and contextual properties characterizing the coverage
classes in the hierarchical tree in Fig. 1;
• translation of the extracted properties into support values
using the concepts of fuzzy mathematics (Réf. 10). Support
values can be of confirming or disconfirming type depending on
whether the hypothesis has the given property or not. This fuzzy
operation, carried out on a pixel by pixel basis, is a way of
building rules to generate evidence maps for the hypotheses in
the decision tree. These maps are the input of the GS integration
model.
In the remainder of this section, it is discussed the construction
of the evidence support maps for the hypotheses in the tree
through fuzzy sets. Fuzzy sets have been chosen because these
can help giving a suitable mathematical representation to
knowledge (very often of qualitative and heuristic type) which
cannot be always correctly specified through equations or
rigorous rules.
Vegetation Index has been employed as spectral information
source confirming hypotheses VEGETATION, NON
VEGETATION, WATER REGIONS, DUMP SITES, SEMI-
NATURAL AREAS and INDUSTRIAL/URBAN
AREAS/TRANSPORTATION UNITS (Tab.l).
Thermal Inertia and the Wetness function have been employed
as spectral information sources disconfirming DUMP SITES
(Tab.l). In fact, dump sites have moderately low values with
respect to these indicators and their spectral response is not
univocally separable from other objects in the scene. Therefore,
we disconfirm DUMP SITES for high values of these
indicators.
Normalized difference between bands 1 and 4 has been
employed as spectral information source disconfirming
INDUSTRIALAJRBAN AREAS (Tab. 1). In fact, urban areas
have high values with respect to this indicator together with
surface water bodies and mainly linear structures (e.g. the roads
network). Hence, we disconfirm urban areas for low values of
the index.
Minimum distance of each pixel from urban areas has been
employed as contextual information source confirming the
hypothesis DUMP SITES (Tab. 1) based on the expert's own
opinion on the most probable location of waste sites with
respect to towns.
Dump sites dimension normally range from few to tens hectares.
An "Objects Size" has been used as a spatial information source
disconfirming DUMP SITES for extension exceeding a given
realistic value (Tab. 1).
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Listed in Tab. I is the series of rules corresponding to the
various available information sources and used to codify the
domain knowledge into support values to be assigned to the
hypotheses (nodes) in the decision tree.

Table 1: Domain-specific knowledge (* multitemporal case)

DUMP SITES classification as a result of the "Objects Size"
rule #14 in Tab. 1 (case D).

RULES
No.
1

2
3
4
5
6
7
8
9
10
I l
12
13
14

INFORMATION
SOURCE

Vl
VI
VI
VI
VI
Vl*
VI*

Wetness
Wetness*

TI
TI*

ND(TMl.TM4)
Min.dist.urb. areas
Objects size (OS)

TYPE

Conf.
C
C
C
C
C
C

Disc.
D
D
D
D
D
D

AFFECTED NODE

VEGETATlON(I)
WATER REG.(3)
DUMP SITES (6)
SEMI-NAT. (5)
IND./URB. (4)
SEMI-NAT. (5)
IND./URB. (4)
DUMP SITES (6)
DUMPSITES (6)
DUMP SITES (6)
DUMPSITES (6)
IND./URB. (4)
DUMPSITES (6)
DUMPSITES (6)

All the above knowledge can be represented in terms of
specifically designed fuzzy sets whose shape (bell, peak, slope,
etc. shape) reflects the degree of confirming/not confirming
support it has been decided to assign to each "piece" of
information. The numerical values of the available information
sources form their own base variable. In tenus of these variable,
each piece of knowledge may be interpreted as a label for a
fuzzy restriction on the values of the relevant base variable. A
fuzzy restriction on the base variable is characterized by a
compatibility function which associates with each value of the
base variable a number in (0,1) representing its compatibility
with the fuzzy restriction.
The knowledge integration process results in a classified map.
Each class or super-class has attached a belief value which
represents the combination of all available evidence impinging
on it. The class or super-class with the maximum belief value is
the optimum classification for that pixel. If a super-class has
emerged as the best classification for some pixels, it means that
there was insufficient evidence to classify down to the singleton
classes level. If the final maximum belief occurs at the top of
the tree (class O), this is an indication that there is insufficient
information to make any useful classification at all.

4. DISCUSSIONOFRESULTS

The methodology has been developed on a 15x15 square km
frame North-East of Rome, containing four uncontrolled dump
sites (Fig. 2).
Ki-sults of the detection process are shown in Figs. 3-6 and refer
to the final classification maps corresponding to four different
runs of the GS integration model using respectively the first 11,
12. 13, and 14 rules in Tab. 1.

Figure 3 shows the results obtained using the first 11 rules in
Tab. 1 (case A). Figure 4 refers to the results obtained using all
pievious eleven spectral rules together with ND(TM 1.TM4)
disconfirming the hypothesis INDUSTRIAL-URBAN AREAS-
TRANSPORTATION UNITS (case B). Figure 5 shows the
classified map coming from the integration of the previous 12
spectral rules with the contextual rule #13 in Tab. 1 related to
the minimum distance from urban areas and confirming the
hypothesis DUMP SITES (case C). Figure 6 shows the final

Fig. 2: Study area (Landsat TM 03/26/86).

Fig. 3: Dempster-Shafer classification result corresponding to
the integration of the first 11 spectral rules.

Fig. 4: Dempster-Shafer classification result corresponding to
the integration of the first 12 spectral rules.

Table 2 gives classification statistics for each of cases A, B, C
and D corresponding to four different runs of the Gordon-
Shortliffe Algorithm. It can be noticed the pixel re-arrangement
within the classes due to the subsequent combination of the
evidence rules. In particular, comparing cases A and B, it can be
seen a better classification for urban areas as a consequence of
the introduction of rule ND(TM1,TM4). It happens that
INDUSTRIAL/URBAN AREAS misclassified pixels are now
assigned to SEMI-NATURAL AREAS and DUMP SITES.
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Table 2: Classified pixels percentage distribution

HYPOTHESES

FR. OF DISC. (O)
VEGETATION (1)
NON VEGET. (2)
WATER REG. (3)
IND./URB. (4)
SEMI-NAT. (5)
DUMP SITES (6)
CAVES (7)
OPENSPACES (8)

DISTRIBUTION OF PIXELS (%)
case A case B case C case D
22.67
41.57
0.0
0.57

16.09
0.0
19.09
0.0
0.0

22.67
41.57
0.0
0.57
2.30
10.77
26.40

0.0
0.0

18.39
41.57

0.0
0.57
3.39
12.71

19.09
0.0
0.0

-
-
-
-
-
-

5.32
-
-

Fig. 5: Dempster-Shafer classification result corresponding to
the integration of the first 12 spectral rules and the contextual
rule.

Integration of the contextual rule #13 (case C) refines the
classification of dump sites. As it can be seen, the DUMP
SITES class improves its classification giving misclassified
pixels to INDUSTRIALAJRBAN AREAS and SEMI-
NATURAL AREAS. The integration of the spatial rule #14
furtherly refines the classification for class DUMP SITES. As it
can be seen in Tab. 2, the number of pixels identified as DUMP
SITES by the process is now narrowed down, thus showing a
more realistic and satisfactory classification.

Fig. 6: Final classification result for DUMP SITES adding the
spatial rule to the spectral and contextual rules.

It must be noticed that the reduction of the precentage of pixels
in the FRAME OF DISCERNMENT in case C, with respect to
cases A and B, means thai adding the contextual rule it is been
possible to reduce the uncertainty about the whole classification
process. Also, we see that singleton classes OPEN SPACES and

CAVES have not emerged in the classification map (W pixels)
because of the lake of specific knowledge pertaining to them.
Therefore, the method assumes the parent node SEMI-
NATURAL AREAS as the best possible classification in the
place of OPEN SPACES and CAVES.

5. CONCLUSIONS

The Evidential Reasoning model has been usefully employed to
integrate multisource (spectral, spatial and contextual)
knowledge for detecting dump sites. It is however very
important to accurately map the available knowledge into
suitable support values. In fact, unpredictable results can
obviously originate from a bad definition of the input coded
knowledge. Hence, it would always be wise to step back and
recursively refine the input support values in order to refine the
results. Although the method is currently being refined, it is
believed that the encouraging results obtained show the validity
of knowledge-based approaches in solving problems in remote
sensing that are beyond the scope of traditional image
processing techniques.
Future work is devoted to improve the integration of more
knowledge in order to obtain a better identification of dump
sites. Also, we will try to understand the possible utilization of
microwaves ERS-I data as further information source to be
included in the integration process.
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ABSTRACT

The present paper is a final report
of a multidisciplinary research for the
definition and its sperimentation, in a
pilot area, of a new environmental
planning methodological iter thought as a
continuous process of territorial
management coherent with the
hydrogeological reclamation of the study
area and the reduction to the minimum
level of the water pollution hazard.

In the present paper it is reported
and discussed the environmental water
planning methodology together with the
contribution that Geographic Information
System and the satellite Remote Sensing
have given for the land-use data
collection, analysis, processing and
management•

KEYWORDS

Remote Sensing, GIS, Environment,
Planning, Sarno Valley, Italy.

INTRODUCTION

The lowering of the environmental
quality of life, in the last 50 years,
requires, on the land planning point of
view, to take in account, apart from the
economical, social and political features,
mainly the physical and environmental
features in a context of natural resource
uses control and consequent
transformations (ref.l).

In this context, it is needed to
develop a methodology of analysis and
research that leads land planning to be
thought as a continuous external input
process to direct a dynamic system
controlled by itself, overcoming the
traditional town-planning limits (réf.2).

This can be achieved dealing
with environmental and territorial
problems in a systemic way, through a
multi-disciplinary work (réf.4) and making
use of techniques and instruments, like
GIS and Remote Sensing, that allows a real
time representation of territorial
development processes in order to optimize
the decision choices considering all the
involved features and reducing the
complexity (ref.4).

In this way the present static land
planning methodology could be substitute
by a dynamic one.

According to this, the aim of the
National Research Council (C.N.R.)
Strategic Project "Clime, Environment and
Territory in Southern Italy" we work for
is to focus and to check methods,
techniques and intrumental routines that
fit the Sarno Valley characteristics,
thought as a typical southern Italian
area.

The aim of the research
(réf.5) is definition and its
sperimentation of a new environmental
planning methodological iter thought as a
continuous process of territorial
management coherent with the
hydrogeological reclamation of the study
area and the reduction to the minimum
level of the water pollution hazard.

THE SARNO VALLEY

The Sarno valley, (fig.4) is a well
definite geographical unit in which the
development urban, historical, social,
economic and environmental processes have
a precise connotation (réf.6). It embraces
36 Communes and is placed among
the Vesuvio Volcano (NW), the Sarno
mountains (N), the Lattari mountains (SE)
and the sea (SW).

On the geological point of view the
Sarno valley represents the extreme
southern end of the Campania graben. The
hydrogeological unit of the Sarno Valley
comprises mainly loose piroclastic
sediments and tuffs with less sea and
marshy sediments (ref.7). The permeability
characteristics are of medium level for
porosity and leaking.

The very rich groundtables (more than
100 millions of cubic meters per year
coming from the sourronding calcareous
rocks, without considering the direct
water infiltration) (réf.8) are, apart
from the drinkable uses, drained by the
Sarno river which is highly polluted by
urban and industrial discharges and
chemical farming fertilisers. The sewage
network has been built only for the 5% of
the total projected length. The biological
pollution BOD5 concentration at the Sarno
river outlet is 23.4 mg/1 (the E.E.C.

Proceedings o' the Cenira/ Symposium of the Inrernalionai Space fear' Conference Held in Munich, Germany. 30 March-4 April 1992
IESA SP-347 July 1992)
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VŜ1

limit is 10 mg/1) and the very high
bacteriological pollution has been now
destroyed by the chemical one
(réf.9).

From the 1SO, in the Sarno valley the
land resource has been used only as
building support. There is a lack of the
administrative management procedures and
environmental monitoring. Does not exist a
sharp distinction between urban and
agriculture are^s and within the urban
class, residential, commercial and
industrial areas are closely interlaced
(ref.6). The agricultural assets of the
area is very scattered generally with
fields less wide than 1/3 ectar. The field
cultivation is of intensive type with two
crops for year. The most important
cultivations are wheat, rye, barley, oats,
orchards, vineyards, tomatoes and flowers
(mainly in greenhouses).

REMOTE SENSING APPLICATION

Starting from a 1957 and 1984 base
cartography, the land-use development of
the Sarno valley in the following 9 years
after the Irpinia earthquake event
(23/11/80) has been detected with three
LANDSAT TM images (1988/89 - late summer,
winter and spring time) and a SPOT PAN
1989 image. Image classification of a very
scattered built areas of heterogeneous
nature has been attempted.

A SPOT PAN frame of 23 x 35 km has
been UTM map projection system rectified
(with 31 ground control points sampled,
the Cubic Convolution re-sampling method
with the 2nd order of transformation
applied and an Erdas Disk Convolution
enhance used). This image has been
utilized to record the network of roads
and the urban rise of the area, from 1984
to 1989, and to map the bigger industrial
areas and quarries.

The combined use of the existing
carthography and the SPOT image has led
(réf.10) to the' reconstruction, through
four main steps, of the urban rise model
in the Sarno valley: 1) a progressive
urban increase around the historical
urban nucleus; 2) a following urban
increase along the most important roads;
3) a linear urban melting among towns; 4)
an urban spreading (today still alive) in
the remaining country sides and its
progressive urban density increase. These
growing phenomena, in absence of a
comprehensive Sarno Valley land planning,
have been at the most spontaneous and
caotics.

Three LANDSAT TM frames of about 30 x
35 Km have been UTM map projection system
rectified (with 30 ground control points
sampled for each frame and the Nearest
Neighbor re-sampling method with the 2nd
order of transformation applied).

Multi-temporal analysis has been used
to detect the seasonal changes of the
fields under cultivation. A very careful
training samples evaluation on site and a
Spot/Landsat merge has been used to
distinguish the residential vs. industrial
classes, industrial vs. greenhouses-
agricultural classes (réf.11), and crops
vs. ochards classes. In this context, the
land-use and land-cover supervised
classification system we chosen includes

two levels of land-use / land-cover
classes (fig.S).

The Euclidean distance classifier has
been found more reliable than others
classifier technics to distinguish among
the first level classes (réf.10). Without
considering any within class variability
(in the area under study it is very high)
we selected one class at a time and
thresholded for each class all
unclassified pixels become classified. In
order to take the most variable into
consideration the Maximum Likelihood
classifier has been used to distinguish
within the second level land-use class and
then thresholded. Next land use
classification step would include
knowledge base systems in order to reduce
the misclassification degree.

GIS APPLICATION

In the achievement of the research
methodological approach it has been useful
to take into account the classical
relational data-base (RDB) architecture
(réf.4,12): 1) research problems analysis;
2) data identification in term of
attributes, relative domains,
availability, costs, and system
implementation; 3) definition of the GIS
relations necessary to the research
methodological approach; 4) RBB
architecture normalization in order to
eliminate the management anomaly and to
simplify the GIS use. Moreover it has been
necessary to consider the multi-
disciplinary characteristic of the
research subject in term of GIS relations
scheme.

The environmental water resources use
plan, comprehensive of antipolluting,
guardianship and water management project,
includes: the hydrodynamic knowledge of
the subsoil; the knowledge of the
evolution of the water polluting index
through the ground percolation; a census
of all water wells (with watertables
depth) and springs and water use
destination; a surface and subsoil water
quality monitoring (for one year); a
census of all activities that allow a
water polluting hazard; a sewer and
aqueduct status.

An Arc/Info system has been used to
integrate 36 coverages (regarding the DTM
of the area, the hydrogeological
characteristics, the urban growing and the
water supply and sewage networks, eve.).
The data set (fig.3) has been structured
in three main groups (ref.4,13,3): a)
Resources, or natural system; b) Uses, or
human/urban system; c) Management, or
social, economic and political system that
governs the previous. Within each single
group only the relevant features has been
chosen, selecting the data classes and
their fonts (static or dynamic), forms
(spatial or descriptive) and attributes
(fig.Z).

The data processing structure
(fig.^), planned through five successive
steps, is characterized by a complexity
increase contemporary with a synthesis
level increment (réf.4). In this way it is
possible to distinguish between a first
processing level, where data integration
is absent and there is only a data
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modification in function of assigned
variables, and upper processing levels,
where the data overlay is achieved in
relation with the topics to develop (f<j. t).

The final map overlay project,
comprising the achievement of the
potential vulnerability water pollution
map, the water quality supply map, the
water polluting letting in map and the
water pollution abuses map, give us the
real picture of the water needs and water
polluting activity in the context of the
environmental planning. The second step of
the research, after a land planning model
application, focuses on the
individualization of those areas where the
polluting activity must be reduced or
annulled.

CONCLUSION

The application of Geographic
Information Systems and satellite Remote
Sensing can favor a new methodological
approach to environmental planning models.

The GIS data structure inhere
presented is characterized by a complexity
increase with a contemporary synthesis
level increment of the information. An
Arc/Info PC system has been used to
processing 36 coverages (regarding
environmental, urban, social, economic and
administrative features). The final map
overlay project, comprising the
achievement of the potential vulnerability
water pollution map, the water quality
supply map, the water polluting letting in
map and the water pollution abuses map,
give us the real picture of the water
needs and water polluting activity in the
context of the environmental planning.

The further possibility of this
methodological GIS structure is the
continuous testing in relation with the
different land planning projects and the
related monitoring of
evolution processes.

the environmental
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C(MPLEZ INVESTIGATION OF A SYSTEM "INDUSTRIAL SITE-ENVIRONMENf'
USING REMOTE SENSING AND LANDSCAPE-GEOCBEMICAL

METHODS

H. Spiridonov, E. Rouaenina, L. Mtlenova
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ABSTRACT

A prerequisite for the successful development of a
complex of measures for protection of environment
and rational exploitation of natural resourses in
industrially loaded landscapes is the investigation
of qualitative and quantitative characteristics of
pollutants, emitted into environment. In work the
basic results are presented from the complex appli-
cation of remote sensing and latidscape-geochemical
methods in one region on the territory of Bulgaria.
Thematic and landscape geochemical and water pollu-
tion data maps are drawn using aero- and space ima-
ges. The character of industrial emissions is inves-
tigated. The accumulation of industrial emissions
in soils and vegetation is followed for each separa-
te elementary landscape. The results obtained from
the complex investigation work on the territory of
the industial site-environment system are used in
determining the points for operative pollution con-
trol of elementary landscapes in areas of industrial
impact for the purpose of environmental status,
assessment and prognostics.

Keywords: landscape-geochemical method, coefficient
of anomaly.

INTRODUCTION

The successful functioning of the monitoring system
depends on the accuracy of stationary and remote-
sensing observations and measurements, the database
completion, and the systems for analysis and opera-
tive data transfer to controllers.

Nowadays, the problem of environment chenucal pollu-
tion is acute. All landscape components are subjected
tn enfluence. Water and air fluctuations are higher,
white with soils they are not so clearly expressed.
On the other side, air and surface waters clarifica-
tion processes are quicker, while landscape accumu-
lated substances are retained longer and continue to
impact even after closing down of production.

The industrial site-environment conflict is impossi-
ble to observe unless grounded on systematic ap-
proach. Along with the basic technological elements
content, observations include the ways they are
introduced into the landscape and their geochemical
characteristics. When pollutants are introduced by
air or technologic refuse waters, all landscape
components are subjected to study. In all cases, the
obtained results are compared to the existing geo-
chemical background of observed elements and corn-
ponds, as their content is often fluctuating. The
latter ia often due to purely natural reasons, and

not to technological impact. In the last years in
Bulgaria ecomonitoring and observations along with
routine landscape-geochemical methods apply with
growing success remote sensing methods.

Complex investigations using the abovementioned me-
thod were carried out in the "Karjali" test ground.
It is situated in South-Eastern Bulgaria. There is
concentrated the lead and zinc production and its
impact on environment is considerable.

MATERIALS AND EOJIIPMENT

The process of investigation includes versatile ma-
terials: thematic maps, M 1:25000, 1:100000 scale;
panchromatic and multispectral photos, M 1:72000
scale, airborne taken by MRB camera, multispactral
MKF-6M camera <0-.46-0.50 mkm, 0.52-0.60 mkm, 0.58-
0.62 mkm, 0.64-0.68 mkm, 0.70-0.74 mkm and 0.79-
0.89 mkm), M 1:28000 scale; scanner images obtained
by scanner C500 (0.49-0.55, 0.56-0.63, 0.62-0.71,
0.80-0.90 and 0.90-1.06 mkm), 1:25000 scale; multi-
spectral photos from the "Landsat" series (0.5-0.6,
0.6-0.7, 0.7-0.8 and 0.8-1.1 mkm) and a multispectral
camera on board the "Sojuz-Saljut" orbital station
(0.51-0.60, 0.60-0.70, 0.70-0.85 mkm).

The interpretation of airborne and space images is
conducted using the following equipment: Interopre-
toscop-B, Steredpantometer, microdensitometer MD-IOO,
all made by Karl Ze'iss, Jena; interactive process-
ing and interpretation system 2PAAC-300B, made by
OVAAC - canadian-american company (Ref.l); field
spectometer ISOH-020 developed in SRI-BAS operating
in 20 channels and spectral band 0.4-0.8 mkm.

In work, a variety of methods have been used: the
processing and interpretation of airborne and space
images utilize visual, instrumental and interactive
methods (Réf.2,3); the landscape classification -
landscape-geochemical method; the quantitative major
pollutants (water, soil and vegetation) concentration
determination - emission spectral analysis and atomic-
sorbtion method.

RESULTS AND DISCUSSION

On the Karjali test site, thematic maps have been
drawn, i.e. geologic, géomorphologie, soils, as well
as a diagram of hydrographie network, erosion and
vegetation distribution. On the basis of preparatory
thematic maps and site observations, a landscape-

r*
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geochemical map has been constructed. A fragment of
same is given on Fig.l. A complete climatic referen-
ce of the test ground is made.

Fig. 1 - Part of the Karjali test site.
Landscape-geochemical map.

LEGEND

I.Eluvial landscapes !.autonomous (ridge) l.a. beech
forests on broun forest soils l.b. oak forests and
thin bushes on cinnamon forest soils I.e. oak forests
and thin bushes on cinnamon forest soils l.d. pas-
tures and cultivated vegetation on cinnamon and
disturbed cinnamon forest soils I.e. pastures and
cultivated vegetation on vertisoli soils l.f. vege-
tation-free rocks 2. transeluvial (slope) 2.a. beech
forests on brown forest soils 2.b. oak forests and
thin bushes on disturbed cinnamon forest soils
2.c. oak forests and thin bushes in cinnamon forest
soils 2.d. pastures and cultivated vegetation on
cinnamon and disturbed cinnamon forest soils 2.e.
pastures and cultivated vegetation on vertisoli
3. accumulation (foot) 3.a. beech forests on brown
forest soils 3.b. oak forests and thin bushes on
disfirbed cinnamon forest soils 3.c. oak forests and
thi-i bushes, on cinnamon forest soils 3.d. pastures
on cinnamon and disturbed cinnamon forest soils
3.e. pastures and cultivated vegetation on vertisoli
II. superaqual landscapes, subordinated 5.a. meadow
and hydrophyl bushes on alluvial soils 5.b. culti-
vated vegetation on alluvial and deluvial soils
III.water Iandscap«s6. rivers 7. water basins
IV. geochemical background of eluvial, supcraqual
and water landscapes 8. orthoeluvial 9. paraeluvial
10. neoeluvial V. technological landscapes.
11. Karjali

The lead and zink production plant is situated
along the Arda river valley, near Karjali, at 200-
600 m height above the sea level. Here the relief
is considerably indented, however, the east-west
direction of river vailles and mountain elevations
is prevailing. Those directions influence conside-
rably the distribution and accumulation of industrial
air pollutants (emissions). The winds predominating
throughout the year are the northern and north-
western, while in summer they change to southern.
The test site is characterised by prevailing calm
weather (50 to 60%) and nearly complete balance of
the thermal inversions in all four seasons. That
weather condition leads to extreme infavourable
impact on dust emissions dispersion. However measu-
remets are conducted for both calm and windy weather
at wind rate 1.8 m/sec. It is prevailing for the
test ground. Airborne and space images are used to
determine smoke direction and distribution area.

In summer months samples are taken to establish the
heavy r -tal content in waters, soils and vegetation
in areas, situated within the limits of probable
industrial emissions (dust an-I gaseous) distribution.
This was conducted radially frĉ i the pollution sour-
ce and in accordance with the prevailing wind direc-
tions. The basic results are given on Fig. 2 (a,b,
c,d). Soil pollution is estimated using the total
anomaly coefficient Ka, calculated from:

i°l Ki

v' ere: Ki is the i-th element concentration co-
efficient at certain point, giving the ratio between
any element at given point and same element content
in background soils;

n is the number of elements.

Production impact on surface waters is realized
mainly via industrial waste waters, technologic
substance atmospheric sediments and previously
polluted soils. Bottom sediments analysis shows,
that they may serve as indicators of water basins
pollution by technological emissions. The sum
total anomaly coefficient for the Stouden Kladenecz
dam (east of the plant) bottom sediments, variâtes
from 0.6 to 4.8. Results from chemical water and
dry residue measurements show that the area subject-
ed to direct waste waters emission contains 64 times
more lead, 7 times - zink and 16 times - copper,
etc., than a region situated 3 km away.

The landscape-geochemical and hydrogeochemical
quantitative assessments show, that the isolated
elementary landscapes are subjected to different
degree of human impact.

The highest degree of variation and transformation
is characteristic for technogenic landscapes. Their
geometry texture and high brightness characteristics
are outstanding on airborne and space photos. The
populated regions represent an aggregate of in-
homogeneities and thus are difficult to interpret.
The same variation degree is characteristic for
the perlite-pit and the scrap yard. The pits are
clearly outlined as white spots with high bright-
ness in the visual and near-IR range (Table 1).

V I-
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A. Geology 10
1. Alluvial, grave !,sand 11
2. Andésites 12

Breakstone 13
conglomerates 14
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b) d)
Fig.? (a,b,c,d). Anomaly coefficient(Xa)variation according to landscape profiles in the 4 basic directions
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Table Ii Brightnœs characteristics of some landscape types

Equipment

Spectral range (mkm)

Landscape Type

Water clear
water

silty
water

Technological scape yard
deluvial-
proluvial
accumula-
tion

heavy
fractions

light
fractions

perlit-
quarry

C-500

0,49-
0,55

0,56-
0,63

0,62-
0,71

0,80-
0,90

0,90-
1,06

Relative Brightness Value

50,86
+3,78

67,98
+5,99

+2,71

49,68
+3,72

30,07
+4,10

222,45
+42,00

31,34
+2,75

41,33
+3,84

83,01

+3,78

64,40
+3,42

46,73
+6,75

147,52
+30,50

22,56
+2,50

26,25
+3,32

145,73

+5,84

115,07
+5,47

93,00
+11,19

91,95
+14,53

64,18
+3,62

83,07
+6,25

145,73

+8,51

111,62
+8,96

94,16
+12,54

222,25
+39,51

62,96
+4,63

83,17
+6,47

150,00

+9,14

119,09
+9,22

99,70
+13,40

230,11
+38,20

That is confirmed by the perlite spectrometric
measurements (Fig.3).

Spectrometric measurements have been conducted of
the same regions (Fig.4).

\\V"1

40

» *4

c

•

. perlite

. del. soil with perlitt dust

. deluvial soil

M

Fig.3. Spectral curves of
perlite, del.soil with perlite dust, deluvial soil

The phototono variations separate scrape yard images
into Lhruc regions: a)deluvial-proluvial accumula-
tions; b) predominating heavy fractions accumula-
tion; c) predominating light fractions accumulation.

The water landscapes of Stouden Kladenec dam are
also subjected to high human impact. On the multi-
spectral photos, two types of waters with different
level of opaqueness are contoured (Table 1). The
area with higher opaqueness is characterised by
higher brightness characteristics. This is confirm-
ed by ground-based measurements, conducted in the
shallow area of the dam.

30.

•5 2^

"Ï 20«i

I «J

5
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.. moltl ground .J
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*

Fig.4. Spectral curves of
clear water, silty water and moist ground

The spectral curves analysis proved, that dramatic
rise of spectral reflectance coefficient (SRC) is
observed in the 0.55-0.70 mkm region. In our case
it is most conspicuous of opaque streams obsevation
in the dam coastal areas. Also, interpreting of
panchromatic and multispectral photos, water over-
flow and drained areas of the dam cup. As the water-
free flooding terrace is very rich in minerals and
organic substance, the natives use the area for
growing of vegetables and other annual crops in
summer. The measurements and observations of the
microelements content in the dam bottom sediments
and the respective interpretation of photographic
material outline regions whose cultivation is
especially harmful for human health.

Weaker degree of impact is characteristic for
eluvial landscapes, constituting of various soil
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and crop types. The brightness characteristics
variation depends entirely on soil and vegetation
condition. The upturned alluvial, deluvial and cin-
namon forest soils in the observed region are easy
to interpret. The deluvial soils, situated in the
proximity of the Perlite Plant show higher bright-
ness characteristics, compared to the others. The
ground-based spectrometric measurements of the
abovementioned soils in two regions - in the imme-
diate vicinity of the plant and 5 km away show that
the former SRC is considerably higher (rig.3) due
to the great amount of perlite dust. The soil strctu-
ral aggregates are from 0.1 to 0.5 cm and the soil
humidity is about 3-5%.

The variation of eluvial landscapes phototones
brightness is determined by the qualitative and
quantitative composition of vegetation. Under sepa-
rate sub-classification fall cultivated tracts. The
winter crop tracts fall in one category and at the
moment of observation are stubbles (Table 1). In
separate category are contoured the tobacco fields -
the region's basic crop. An independent sub-category
are Pinas Negra plantations, growing on alluvial
soils. The quantitative observation results show
presence of considerable heavy metals content in the
pine needles, confirmed also by the spectrometric
measurements, and expressed by spectral reflectance
coefficient reduction compared to same in unaffected
leafage (Fig.5).

Pinut nigro spinet
ofttcttd

^unaffecttd
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545

active impact, The ,most affected region is the
territory 500-750 m around the plant. The second
is up to 2000 m, the third - to 300Om. The regions
are oriented and slightly elongated along the river
Arda valley and according to the prevailing wind
direction.

The negative effects from the lead and zink product-
ion on environment in qualitative and quantitative
respect may be localized in three zones with high,
taedial and low degree o£ pollution and transformation.
The highest impact is observed in technological land-
scapes. Medial impact degree is exerted on water and
elluvial landscapes in the plant vicinity. The low-
est degree of pollution and transformation is observ-
ed in eluvial and superaqual landscapes at 3000-
10000 m distance from the plant

Such observations, integrating landscape-geochemical
and remote sensing methods are conducted in other,
large-scale according to Bulgarian standards indust'-
rial aglomerations as Devnja, Kremikovtsi, Sofia
(Réf.4). Regions with different degree of technolo-
gical impact are isolated and their configuration
is formed under the influence of local morphological
and climatic conditions and industrial production.
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Fig.5. Spectral curves of
Pinus nigra spines

The longer is the distance from the lead and zink
plant the more expressed is the human impact re-
duction, observed once again in eluvial landscapes
representing mainly ridge/water divide areas of
mountain hills.

CONCLUSION

In conclusion we should note, that the calculated
anomaly coefficient of the soil major polluants
(lead and zink) shows three separate regions of
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ABSTRACT

The present paper reports some examples of integration
of archaeological, historical and geoelectrical data with
remotely sensed ones.
The different case studies have been drawn from resear-
ches carried out on the Tuscan coastal plains where this
procedure allowed us to obtain reliable results.
Archaeological and historical data have both aided the
interpretation of remotely sensed images and directed
image processing towards the highlighting of specific
features whose existence they suggest.
Geoelectrical soundings have solved some problems
arisen from the disagreement between remotely sensed
data and archaeological and/or historical ones.

1. FOREWORD

The study of recent coastal plain evolution is of great
importance both in evaluating human impact on wa-
tershields and in reconstructing the palaeogeography of
areas that subsidence and sea-level rise are likely to force
towards some foregone condition.
During the last years a research group linked up with
the Earth Science Department of Florence University has
devoted its efforts to ascertain the capability of remotely
sensed data to widen the present knowledge on coastal
plains. This has been done by testing methods and pro-
cessing algorithms and by the integration of ancillary
data concerning the Tuscan plains.
As the study areas have been densely inhabited since
Neolithic times and have hosted highly evoluted civili-
zations such as the Etruscan and the Roman, ancillary
data derive not only from usual geological and geomor-
phological surveys, but also from archaeological fin-
dings, literary sources and historical maps, that are more
and more widely used also in geomorphological studies
(Réf. 1).
The comparison of remotely sensed data with "remote"
ones has allowed us to confirm now the previous, now
the latter.
Where the information obtained from surface data
(reflectivity and/or soil type) could not be supported by
other data, geoelectrical sounding has provided a valua-
ble help in solving the problems that originated.
The present paper aims at showing the great utility of
these ancillary data and at discussing their reliability.
The examples here reported mainly come from research
carried out on the Pisa plain (fig. 1), but some of them
refer to the Grosseto and Piombino coastal plains, while

further studies are presently being carried out with
similar methodologies on the plains of the Pecora and
Albegna rivers.

2. THENEEDFORANdLLARYDATA

Multispectral high resolution satellite data proved to be
of great use for lithological discrimination in alluvial
plains.
Lithological recognition is mainly based on the different
capability of sediments to hold water that strongly
reduces bare soil reflectance; soil texture, organic matter
contents and mineralogical composition also exert some
influence on soil spectral signature (Réf. 2).
General image interpretation or specific processing, such
as that provided by the Tasseled Cap transformation
(Refs. 3,4) or by decorrelation methods (Réf. 5) help in
extracting information on soil wetness, that can be corre-
lated to sediment texture if the morphology is known.
The f !lowing step is the correlation of sediment texture
to sedimentary environment, a well tested extrapolation
in geological studies.
Once the sedimentary environments have been recogni-
zed, their evolution must be studied as well as their
mutual relationship.
If absolute dating is of great importance in the study of
pre-Holocene periods, it becomes even indispensable
when more recent environments and processes are
concerned. This is more true for the last centuries, as
environmental changes have succeeded with extreme
rapidity.
Archaeological and historical data, where present, con-
stitute a low cost dating method, sometimes even more
accurate than radiometric ones.
Moreover, these data generally provide also geographi-
cal descriptions that can be used as ground truth for
image interpretation.
The knowledge of the existence of a certain landscape
feature derived from old documents can direct image
processing towards its identification.

3. COASTLINE EVOLUTION

Most of the coastal plains and all of the Italian river
deltas find their origin in woodland clearance conse-
quent to the expansion of cultivated areas (Réf. 6).
Coastal accretion is easily recognized in Landsat images
as dry foredunes alternate with wet swales; when cove-
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Figure 1. Landsat TM image of Pisa plain; Co-wetness (inverse linear stretch of the Wetness Tasseled Cap transform.).

ed by vegetation, the two environments host different
vegetal associations.
Discordance in ridge alignment can witness erosional
phases and changes in the accretion rates. Some buil-
dings standing on these areas, such as harbours and
sighting towers, are shoreline markers that can date each
phase.
In the Pisa plain the innermost shoreline, clearly identi-
fiable on Landsat images, can be dated as pre-Etruscan,
because of the absence of any Etruscan and Roman fin-
ding seawards of it (fig. 2).
The S. Piero a Grado church, located near the following
foredune, is believed to have been built in the X century
on the landing place of St. Peter during his voyage from
Palestine to Rome, and can therefore be considered
Roman in age. Moreover, the Roman settlements found
near the church confirm this age.
Younger towers (XVIII and XIX century), spread all over
the coast, can be used to date more recent shorelines.

while written documents from the Pisan chronicles
allow the dating of some Arno River meander cuttings
(1340 a.D.). The old river course is discernible on satelli-
te images as well as on topographic maps, as it cuts
some dunes whose age must be older than the river
diversion.
These and other data allowed a detailed reconstruction
of the delta evolution (Réf. 7) and the inference of its
dependence on the exploitation of the Arno River wa-
tershield (Réf. 6).

4. HYDROGRAPHIC NETWORK EVOLUTION

Natural river course changes are an essential process in
alluvial plains formation and quite often historical
sources locate rivers away from their present position.
The abandoned courses can be detected on Landsat
images as bright or dark bending lines, as they can be
dryer or wetter than the surrounding plain.
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Figure 2. Detail of the geomorphological map of Pisa
plain showing the Arno River delta (from Delia Rocca,
Mazzanti & Pranzini, Réf. 7). Only those symbols refer-
ring to human artefacts are reported from the original
legend.

Sometimes geomorphological studies have not been able
to identify the old river courses historical sources tell
about.
This is the case of the lower Serchio River course that,
according to Strabo, should have joined the Arno River
near Pisa.
Landsat image processing (infrared bands composites,
band 5 and 7 filtering and wetness and co-wetness
transformations) proved that this historical source is
reliable: a palaechannel can be followed from the present
Serchio River alluvial deposits to the border of Pisa town
(fig. 3). The lower part of this course crosses an area that
image processing and interpretation prove to have been
a large swamp, as old maps confirm.
The existence of the palaeochannel has been proved by
geoelectrical soundings; in fact, below a few meters thick
clayey deposit, coarser sediments have been found (fig.
4). The swamp probably originated when the area
remained away from the two aggrading rivers.
The higher reflectance of clayey soils along the old river
course is to be explained with the draining exerted from
the underlying porous sediments on the upper layer.
A similar behaviour has been recognized in some re-
claimed areas in the Grosseto plain (Réf. S), Here, land
reclamation has been performed through river diver-
sion, by shifting the river outlet within the settling tank
as soon as sediments had filled part of the swamp.
Being far from the new outlet, this part of the plain was
later reached by finer sediments that now cover the
coarser ones deposited in form of river delta during the
previous stage.
As a result, the finer sediments are drained by the
underlying coarser ones and their spectral signature
resembles that of the latter.

5. SWAMPY AREAS

Coastal plain evolution has been characterized by long
phases in which large swampy areas were formed.
Some ancient towns were founded at the borders of such
areas, where protected harbours could be built.
Rutilius Namatianus, at the beginning of the V century
a.D., gives a detailed description of Pisa harbour, from
which it is possible to guess that the lagoon near Pisa
was, at that time, still widely open to the sea.
A similar geographical position was occupied by Rosel-
Ie, on the Wily border of the Grosseto plain, whose shel-
tered harbour has favoured the development of the town
until it was sanded by the Ombrone River alluvium.
These lagoons were partially drained by the Romans
but, when Roman hydraulic works were left untended
during the Early Middle Age, they expanded again.
Although the lagoons were reclaimed during the last
two centuries, their traces are still visible on Landsat
images, but the intensive cultivation makes their correct
mapping fairly difficult (Réf. 9).
Multivariate statistical analysis carried out in order to
remove the influence of vegetation cover from Landsat
TM images proved to be a valuable tool in the mapping
of lagoons (Réf. 5); the same is true for multitemporal
analysis (Réf. 10).
Detailed studies on the agreement between satellite data
and "remote" data sometimes show discrepancies that
only a third research tool, geoelectrical sounding, can
solve. Such discrepancies emerge, for instance, when the
course of the Roman Via Aurélia west of Pisa is conside-
red.
According to Landsat images and soil analyses, this area
seems to have been swampy, therefore absolutely
unsuitable to host a main road. Further image procès-
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Figure 3. Landsat TM image of the northern Pisa plain acquired on March 18th, 1986 (Hue component of 754 composite
IHS Transformation). This and other images obtained from TM data processing have confirmed that the Serchio used to
flow into the Arno River at Pisa, as Strabo tells in his Geography. The present Serchio River is located in the north-
western corner of the figure, while the suburbs of Pisa are discernible in the lower part of the image.
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Figure 4. Lithostratigraphic section across Pisa plain (from Gabbani, Pieri & Pranzini, Réf. 11)
This section, crossing the plain from ENE to WSW, allows the recognition of sands laid by the Serchio River when it
used to flow into the Arno near Pisa (dotted area near Le Praia). East of Campaldo, a thin layer of clay (striped) covers
a sand bar where the Roman Via Aurélia is situated.
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sing aimed at enhancing soil wetness shows that the
swamp is divided in two parts by a strip of dryer sedi-
ments just in the alleged position of the road.
Vertical geoelectrical soundings show the presence of
sands one meter below the plain (Réf. 11); these belong
to the foredune system that has been covered by alluvial
sediments in its internal part.
The Roman road was therefore running along a sand
ridge that only later was buried by swamp sediments.
Altogether this information may lead to an eastward
shifting of the Flandrian transgression limit (Réf. 12),
until today located on the inner edge of the sand bars
outcropping in the plain.

6. CONCLUSIONS

Archaeological, historical and geoelectrical data can
serve as ground truth in remote sensing when this is
applied to the study of the geomorphological evolution
of coastal plains.
Archaeological findings as well as literary sources and
old maps give detailed information that can be used to
date forms and processes.
Vertical geoelectrical soundings can sometimes explain
anomalous spectral behaviours of the soil surface and
help in relating image interpretation with "remote" data.
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ABSTRACT

A study on area taken away from
agricultural activity in the territory
of the commune of Villabate (Palermo)
between 1968 and 1987 by
photointerpretation is reported.
The resuts showed up the effects of
next few years urban expansion on
studied area and damages on the soils
with high agronomic potentiality. The
wise choice of an area, based on
pedological studies and interpretations
of the latter, could save soils with
high productive capacities for
agriculture, while those with lower
potentiality could be used for non-
agricultural purposes.

Keywords: Land Evaluation,
photointerpretation, Sicily.

1. SCIENTIFIC OBJECTIVES

1.1 Introduction

The development of urban, industrial,
artisan and commercial areas as well as
road networks have caused new problems
to soil resources over the past ten
years.
Rivalry has sprung up between millennial
agricultural practices and modern works.
Sometimes the new destination of the
soils encouraged population development
and improved living" conditions; in other
cases it caused considerable loss, under
an agricultural aspect, called "death"
of excellent soils (desertification)
(3), which had carried out an important
role in the ecosystem of which they had
been part, giving amenity to the whole
area.
By the wise choice of an area, having
taken pedological studies and their
interpretation (4) into consideration,
soil with a high productive capacity
could be reserved for agriculture, while
areas with soils of lower agronomic
potenziality could be taken over for
uses other than agriculture.

1.2 Aims and methods

We aimed at finding out how much land
had been taken away from agriculture in
the area of the Comune of Villabate
(Palermo) from 1968 to 1987. and how
much more land will be taken over in the
near future.
The study began by an environmental
characterization and continued with the
collection of aerial photos in black and
white (scale 1:17,000 approx.) and in
colour (scale 1:10,000 approx.) and of
aerophotogrammetric findings in scale
1:2,000.
Later, by photointerpretation (1) and
excursions in the area a series of
cartographic documents were prepared
showing the evolution of the urban
centre, land use and agricultural soils.
The aerophotogrammetric interpretation
was essential since agricultural
property is enclosed by high walls which
obstruct both access and view of the
land.
A map of areas urbanized and under
urbanization (scale 1:2,000) shows the
extra-agricultural surface found in the
area in 1968, 1978, 1987, the surface
under urbanization according to the
town-planning scheme of 1987 and the
surface to-be urbanized according to the
town-planning scheme still under
ratification by the Regional Authorities
(November 1991).
For pratical reasons the map is
presented in the scale 1:5,000 while map
is in diagram form.
The new town-planning scheme is valid
until 2007.

2. THE ENVIRONMENT

The territory of Villabate, ranging from
19 m to 250 m a.s.l., covers 382
hectares to the south-east of Palermo,
capital city of the island.
Prevalent agricultural use is citrus
orchard. The species found are
mandarines (Citrus reticulata Blanco)
with two cultivar "Avana" and "Tardivo
di Ciaculli" and lemon (Citrus lemon
Burm) with the cultivar "Femminello
comune". The dark green of the citrus
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orchards together with the spring
perfume of orange blossom (inf!orescent)
has been a feature of the "Conca d'Oro"
for centuries.
The climate, according to the system by
C.W. Thornthwaite, is from semi-humid to
semi-arid (6).
The lithology of the Villabate territory
is made up of stratum detritus, of
calcarenite organogene and of grey-blue
clays belonging to the Quaternaries and
of dolomites and calcareous dolomitized
rocks of Trias Superiore-Lias. These
lithologie outcrops give rise to wide
underground water circulation which feed
the water table and is then used for
irrigation, drinking water and
industrial use.
Soils classified according to the Soil
Taxonomy of U.S.D.A. are Lithic
Xerorthents, Typic Hhodoxeralfs, Vertic
Xerochrepts and Arents (6).
The Lithic Xerorthents found on hard
substratum cover about 27 hectares and
are used as pasture land; the Vertic
Xerochrepts covering '3 hectares are
given over to market gardens. The Typic
Rhodoxeralfs and the Arents are
extensive and have florid citrus
orchards dominated by mandarines.
The Typic Rhodoxeralfs found on the
calcareniti, are flat or semi-flat with
a Ap-Bt-C profile, deep or very deep,
with a dark reddish brown colour (5YR
2.5/2) on the surface and dark red
(2.5YR 3/6) in depth, the texture is
clayey-sandy-loam with a percentage of
clay which increases in depth.
The crumby polyhedral subangular
aggregate on the surface becomes angular
and prismatic in depth. The generally
subalkaline reaction drops to neutral on
the horizon below the surface. The
nutritive elements contained resulted
fairly good.
When irrigated they form the best soils
for agricultural practices, in fact
according to the system of evaluation of
territory called "Potentiality of Soils"
(4) they come first in the class defined
as "High Agronomic Potentiality". In
1984 their total area was 184 hectares,
equal to 48.2% approx. of the total
surface.
The Arents (soils made by man by using
terraces) are of medium depth or
shallow, on a slope ranging from light
to steep, with surfaces broken up into
many steps ranging from three to ten
metres wide. They have a Ap-C profile,
are clayey with a subangular polyhedric
structure, a subalkaline reation and a
good content of nutritive elements.
Their characteristics place them in the
3rd clas. defined as Fairly Good
Agronomic Potentiality (4). Fairly good
citrus orchards grow there. In 1984
their total area was 38 hectares, equal
to 9.9% approx. of the total surface.

3. RESULTS

The urban centre of Villabate lies on
calcareniti, extending from north-west
to south-east, adjacent to state highway
121 ("Catanese"). The town has developed
to the north and south of the road.
During the soil survey conducted in
1984, a considerable incidence of recent
building was observed (dwellings,
buildings for crafts and trade); this
building has been the object of
research.
The map drawn up gives a clear picture
of urbanisation in the period from 1968
and 1987 and makes it possible to
forecast developments in the near
future.
Research has shown up the fact that
since 1968 there has been a boom in the
use of land for non-agricultural
purposes, to the detriment of the best
soils used for citrus plants (Table I).
When the new town plan is enacted, the
agricultural belt will cover an area of
96 hectares (Table II) and citrus
orchards will occupy 56 hectares, 36
hectares of which will be Typic
Rhodoxeralfs and 20 Arents. The total
area of citrus orchards lost will be 66
hectares.
Urbanisation in accordance with the new
town plan will turn 3/4 of the commune's
territory into desert. (3)
Soils with an elevated agronomic
potential will be lost for good and this
part of the "Conca d'Oro" plain, which
has produced so much wealth over the
centuries, will contribute to the
creation of a new plain of cement.
The use of photographic interpretation
as a means of study and of temporal
analysis has made it possible to
quantify the areas lost by agricultural
activities in the course of time and
follow their evolution.

4. CONCLUSIONS

In the 1950s and 1960s a large number of
workers left the provinces to go to the
city of Palermo, where they prevalently
took up jobs in public administration.
This phenomenon had major consequences
like the increasing demand tor
dwellings, which caused a rise in prices
and an increase in building activity,
involving a chaotic urban development.
Subsequently, in the seventies and
eighties, a lot of people chose to move
to satellite communes (Cinisi, Carini,
Monreale, Altofonte, Ficarazzi,

• Villabate, Bagheria), in search of a
better "quality of life" and above all
cheaper homes.
The population of Villabate, estimated
to be 9,000 in 1968, went up to 14,152
in 1987, and to 15,769 in 1991; another
3,000 people are presumed to be
domiciled there or to be commuters.
In this commune too, the increasing
demand for homes has boosted building
activity.
In the commune of Villabate, building
activity and the development of the road
network, trading centres and centres for
crafts have caused agriculture to be
deprived of very good lands.

v V
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Hence the consumption of agricultural
lands is due both to the building of
dwellings and to the service industry.
From an analysis it has become clear
that the processes of transformation of
soil from agricultural to non-
agricultural have come about within the
framework of the town plan.
Unfortunately, town planning is not
playing an effective role of selection
of areas, in that there is a lack of
clear legislation regarding the improper
use of agricultural zones. Moreover, no
analytic study is contemplated as
regards the nature of soils with a view
to avoiding uncontrolled expansion of
non-agricultural use.
As is well known, the planning of urban
building dissipates the soil resource,
as the market for agricultural soils
deals with non-reproducible goods and
the transition from agricultural lands
to the market for building areas
corresponds to an increase in prices
which is directly proportional to the
urban income on lands subjected to
transformation. Consequently, the
process concerning the best use of the
soil resource cannot easily be regulated
by normal town planning instruments but
necessitates a shrewd territorial policy
incorporated in plans referring to
communes, regions, entire nations and
the whole European community, with a
view to Europe after 1992.
In the specific case of the city of
Palermo, to stop the urbanisation of the
Conca d'Oro, all regional and state
public administration offices, except
those connected with culture, should be
transferred to areas on the island with
a low density of habitation and with
soils having a low or moderate agronomic
potential, like for example the, inland
hilly areas of central Sicily.
This would allow:
1) the preservation and tutelage of what
remains of the "Conca d'0ro"and all the
artistic and architectural patrimony.
2) a man-sized city which can be more
easily governed;
3) better opportunities for enjoyment of
the cultural and environmental heritage;
4) an increase in tourism.
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Table I - Surface area of inhabi ted area of ViI!abate in tige,
wi th percentage incidence on the total surface and the
area taken away froi agricultural activities.

Urbanisation in the cotiune
of Vi J] abate (Paler.iol

Extension Incidence Area lost by agri-
hectares J culture (hectares)

Areas urbanised in 1966 42
Areas urbanised in 1978 77
Areas urbanised in 1987 122
Areas to be urbanised according
to the town-planning scheie
in force in 1987 220

Areas to : urbanised according
to the town-planning being
approved: Noveiber 1991 286

Surface lost by agricultural activity and

11.0
20.2
31.9

57.6

74.9

35
45

98

66

244
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Table II - Subdivision of the surface of ViI!abate according to
the torn plan currently being approved.

Destination Surface area Incidence
hectares t

Urbanised areas

Cultivated greet belt
Hade up of:
1) Rock ouMrop

i) Total agricultural surface
Foried by:

Citrus orchards
Market gardens
Pasture land

286

96

10

86

56
3
27

74.9

25.1

2.6

22.5

14.7
0.8
7.0

Total 382 100.0
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DEMONSTRATION OF SEASONAL CHANGES IN THE TERRITORY

OF FINLAND USING MULTITEMPORAL NOAA-AVHRR DATA

Kaj Andersson
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ABSTRACT

An image display system was developed for displaying sets
of consecutive remote sensing images on a powerful UNIX
workstation. The first image set gave the impression that the
viewer was approaching the earth from outer space. On the
uppermost level the whole earth globe could be seen and the
following images showed the views from Meteosat, NOAA,
MSS, TM, SPOT and scanned aircraft images. The lowest
level image was constructed from different sets of geophysi-
cal data and it showed the "scene" from below the surface of
the earth. The second image set consisted of partly cloud
free NOAA-AVHRR satellite images acquired over Finland
in 1991 and were displayed in a sequence to demonstrate the
seasonal changes in the nature.

Keywords: NOAA-AVHRR, time series

INTRODUCTION

NOAA-AVHRR images provide a feasible method for gen-
erating time series of satellite images. These images are in-
expensive and they can be acquired several times a day.
Time series have been used in this work for demonstrating
the seasonal changes of our environment using a worksta-
tion display. The viewer can see the snowy area grow in the
fall and in the beginning of winter, the lakes and the north-
ern pans of the Baltic see freeze and the dark time period ar-
rive in the north. The changes in the forests are detectable as
the deciduous trees drop their leafs. The impacts of spring
can be seen as the snow melts and the nature starts to grow
again.

NOAA-AVHRR images were processed so that they look as
much as possible real-color. Water is dark blue and clouds
are white. Land appears in different shades of green and
brown.

The aim of this work was to demonstrate for the great public
the possibilities of remote sensing in monitoring our envi-
ronment. Another aim was to develop an user friendly soft-
ware package for displaying the images and for running im-
age sequences. The developed system has been operating in
an science exhibition show in the beginning of this year.

IMPLEMENTATION

The software can run in two modes, either vertical mode or
time mode. In the vertical mode the viewer gets the
impression that he or she is approaching the earth from outer
space. The first image shows the whole earth and the next
one shows a Meteosat image of Europe. The latter one is a
cloud free composite image made from about 30 different
images. Each pixel on the composite image is chosen from a
cloud free input image. Next images in the sequence are
NOAA-AVHRR, Landsat-MSS and Landsat-TM scenes
followed by a SPOT image. Closer views show scanned
aircraft images and the final "scene" is from below the
surface of the earth. This last image is a composite of the
in-phase component of the geophysical electrical field, the
magnetic field and the concentration of uranium in the
bedrock. Each component is shown in different color. All
the images, except the geophysical one, have been processed
so that they appear as much as possible in "real color".

The purpose of the time mode was to show how satellite
images can be used in demonstrating seasonal changes. This
was done by collecting a time sequence of NOAA-AVHRR
images acquired over Finland in 1991. Quick looks of
almost all passes were checked and 39 images were picked
up for the time series. The "real color" images were
generated by using only the first two channels on the
images. They were rectified to a geographical coordinate
system (Gauss-Kruger) by using ground control points. The
separation between clouds and land, and also between water
and land was done by using threshold values detected from
the histograms and then fine tuning the look up tables on the
display device to find the best threshold value. Clouds were
extracted from the visible channel and water was extracted
from the near IR channel. See figure 1. Separating clouds
and ice was not necessary for this purpose, because (hey
were both white and the images were produced only for
visual purposes. Extracting water by using the near-IR
channel was usually a straightforward process. Separating
clouds from the visible channel was more difficult, because
the intensity threshold limit was not sharp. Clouds were
often misty and the land could be seen through them. Some
parts of clouds seemed to become land on the images and
vice versa.
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Clurincl 2 (near IR)

/•A

Figure I : Separating clouds / land and water / land by
using histograms

A better separation of land and cloud could be achieved by
classifying the clouds but this was not done in this case
because of the great number of images. Finally a four
channel image was generated including separate channels for
clouds, water, land visible and land neur-lR. Figure 2 wi l l
show these channels. The "real-color" three channel image
was h u i l t by copying the channel having the clouds to all
three channels, water to blue, visible to red and the ncur-IR
channel to the green channel of the output image.

The software for displaying the images was developed on a
DECstation 5000/2(H) workstation. The user interface is
based on the X-Window system and Motif. DEC VUIT
software was used for building the interface program. Figure
3 wi l l show the layout of the screen as it appears to the user.
Displaying images is very fast though each image is read
from the disk. A "speed cutter" had to be added in the display
sequence to prevent images being displayed too quickly.

Figure 2: The upper image pair shows clouds and land
extracted from the visible channel. The lower
pair shows water and land extracted from the
near-IR channel.

Figtire 3: The layout of the user interface on the
workstation

As one aim of this work was to produce a set of
multichannel images which could be displayed on a
workstation display, all three channels had to be packed to 8
bits. An 8 bit X Window workstation display wi l l allow the
user about 220 intensity levels or colors. Since red and
green channels contain more information in this case than
the blue one, a combination of 4 blues, 7 reds and 7 greens
was chosen. This wi l l provide 196 colors for use. The look
up tables were adjusted to perform visual histogram
equalization to make the the images look visually good. The
images were passed through these LUTs and then the three
channels were packed to 8 bits by using the formula:

Ic = Ir + lg*R + Ib*G*R. where R=7, G=7 and B=4,

where Ir, Ig and Ib are the gray values corr* ^ponding to the
three images and Ic represents the digital number of the
composite image. The range of Ir and Ig is from O to 6 and
the range of Ib is from O to 3.

In spite of the limited amount of colors the images looked
reasonable good. Water and clouds were colored only with 2
intensity levels each. The land area was composed by using
only red and green colors and no blue.

Images acquired in the winter season were difficult to color
because of the darkness and the uneven illumination. In the
northernmost parts of Finland the sun stays in the winter
time below the horizon for weeks or even for months. A
perfect demonstration would require cloud free images but a
large set of such images is very difficult to obtain.

Vv11
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ABSTRACT

The study of environmental degradation caused by fires is based
upon multi temporal field work, remote sensing and GIS in order to
find the relation between the influencing factors: vegetation type,
topography (altitude, slope, aspect) and accessibility of the area.

The five thematic maps together with the localization map of the
fires during 1981-1989 are stored in the GIS. Additional data about
the area, date, owner and type of vegetation were also imported.

The factors form part of a hierarchical system indicating the
influence: 1.vegetation, 2.altitude/aspect, 3.slope/accessibility. In
correspondence with the rank, a weight is given; a score is
assigned for each category according to the risk.
The combination of the single risk for each factor gives the fire risk
which is ranked into four classes (none to severe).

Keywords: Risk mapping, Environmental degradation, Fires,
Remote Sensing, GIS, Mediterranean.

1. INTRODUCTION

Mediterranean areas are subjected to a violent environmental
degradation, arising since Antiquity and nowadays acting in an
accelerated rate. The origin of degradation is to be found in the
impact of man on the environment; the causes are numerous: the
early cultivation, the deforestation [ReM], the grazing of animals
[Ref.2], the excessive irrigation, the excessive use of fertilizers, the
agricultural policy and not to forget the annual plague of fires
[Refs.3,4). Mainly the combination of fire with other causes is the
principal enemy of the Mediterranean vegetation [Ret.5].

Forest fires affect every year averaging an area of 200,000 ha in
the Mediterranean basin. Le Houérou [Réf.5] estimated that each
plot of natural vegetation (shrubs, forests) in the Mediterranean will
burn every 25 year.
The impact of man is the main cause of the burning. For hundreds
of thousands of years, men have used and misused fire for their
survival (development of crop growing, hunting, grazing) [Refs.2,6).
Nowadays, in many cases fire is used in function of pastoralism.
Shepherds set on fire in order to obtain better grazing conditions lor
their animals, and it is mainly the combination of animals grazing on
formerly burnt land which causes the total destruction of the
environment [Réf.7). Also the building mania of touristic project
managers is in many cases the source of the disaster.

The results of environmental degradation caused by fires are
striking In many cases the environmental degradation is an
irreversible phenomenon leading to a total destruction of the
vegetation cover and consequently to a severe soil erosion.

This study is part of the Belgian impulse programme 'Global
Change", project: "Environmental Degradation in past, present and
future in the Mediterranean)" (Belgian State Prime Minister's
Services for Science Policy) worked out at the Laboratory for
Regional Geography and Landscape Science, University Gent,
Belgium.

The aim of the study is to map the risk for environmental
degradation caused by fires in South-Euboia (Central Greece). It is
based upon a thematic study of different influencing factors, using
remote sensing techniques and GIS. The risk is defined out of the
relation between the landscape phenomena and the occurrence of
fires (registered between the period 1981-1989 by the Forestry
Department Karystos).

2. AVAILABLE DOCUMENTS

For this study, a multi source and multi temporal data set was to
our disposal, which consisted of:
* rnurii temporal field data. Ground truth was collected at annual
base during the period 1983-1989.
Following phenomena are described: topographical position
(altitude, slope, orientation), geomorphology, soils (texture,
drainage, moisture content, stoniness, soil development),
vegetation (type, dominant species, density), evidence of erosion
and human impact.
* topographical maps at a scale 1/50,000 (Military Geographical
Service, Athens). These maps give the contourlines every 20 m (in
flat zones and in top zones every 10 or 5 m), the road-network
(hard roads, tracks and trails), settlements
* localization map of fires for the period 01.01.1981 - 09.21.1989,
registered by the Karystian Forestry Department.
* data about the fires (date, site (village, location), area, owner,
type of vegetation).
* satellite image of Landsat Thematic Mapper, scene 182/34 -
quarterl, date 07.31.1985.

3. METHODOLOGY

The study has been performed by means of a combined and
integrated research, using the ILWIS (Integrated Land and
Watershed Information System) software (ITC-Enschede).

The risk mapping of environmental degradation requires the
understanding of the influencing factors. They have been defined
based upon the knowledge of the multi temporal field surveys. The
influencing factors are climate, type of vegetation, topography,
accessibility of the area.
Because of the lack of sufficient climatic data for the study area
(only one meteorological station), a thematic study is made only for
the other influencing factors. This consisted of:
• A supervised classification of the Landsat Thematic Mapper
image for land cover. The Maximum-Likelihood algorithm is used.
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The classified image has been verified on the field, and afterwards
the result is georeterenced and incorporated in the GIS.
' Digitization of existing maps

Digitization has been done for the contourlines and the
road-network.
Out of the digitization of the contourlines, a DEM is created which
is the basic document map for derivation of slope and aspect.
After digitization of the road-network, distances are calculated.

Digitization of the fire-localization map. Polygons are
created and labelled. As such it is possible to connect the polygon-
map to the ancillary data (date, site (village, location), area, owner,
type of vegetation).

All digitized maps and derived maps are included in the GIS as
separate layers. Based upon the field knowledge, the comparison
between the thematic maps and the fire localization map and in
correspondence with the method described by Chuvieco E. and
Congalton R.G. [ReI.8). a hierarchical scheme is set up. The
hierarchical place is represented by means of a weight, and scores
are attributed to the different classes in function of their fire
sensibility.
The combination of the respective weight and scores allowed to
produce a risk map for environmental degradation caused by fires.

4. STUDY AREA

The study area is located in the very southern part of the island of
Euboia (Central Greece), in between latitude 37°57'-38°11' N and
longitude 24"18'-24"3S1 E (Figure 1).

Figure 1. Localization of the study area

This area is very sensitive to environmental degradation, especially
to burning. During the period 1981-1989, the forestry department
registered 62 fire spots in the forest district of Karystos. As shown
in figure 2. vast areas of the forestry district were subject to
burning. The localization of the fires is wide spread, as well in the
area to the north ot the Ochi-mountain chain as in the area south of
it.
The annual total area destroyed by (ire varied between 233 and
43,387 stremmata (1 stremma=0.1 ha). During the nine years
observation, a total area of 61,655 stremmata has gone into flame,
corresponding to 10.13% ot the district. Most ot these tires occur by
the end of the dry period (August-October) when high water
deficiencies are noted and when the vegetation is extremely dry.
This period is moreover characterized by the occurrence of a strong
northerly wind, the Meltemnia, which is attended with low air
humidity and high temperatures. Analogous situations occur in
other parts ot the Mediterranean basin [Refs.3,9).

Figure 2. Localization map ot fires during the period 1981 -1989.

5. INFLUENCING FACTORS

During the field surveys, it was found that a close relationship exists
between the fires and the type of vegetation, the topography and
the accessibility of the area. This confirmed the findings in literature
[Refs.5,8,10].

5.1. Vegetation

A thematic map of the vegetation and land cover is obtained by
performing a supervised classification of the Landsat Thematic
Mapper image.
Based upon the ground truth data, it is possible Io differentiate 8
main land cover classes in the very southern part of the island of
Euboia. These 8 classes also occurred within a sub-image of
512*512 pixels, covering only a part of the area between the Ochi-
mountain to the north and Paximadhi peninsula to the south, and
between the town Marmari to the west and the town Karystos to the
east.
An investigation of the pixel values concerning the different classes
made clear that some of the classes are characterized by a high
standard deviation. This is due to differences in illumination as well
as differences in vegetation density and composition. In order to
have homogeneous samples, it was necessary to split up some of
the sample classes. As such, 14 subclasses are trained:
1. Water

1.1. Deep water (Class 1)
1.2. Shallow water (Class 2)

2. Burnt land, characterized by the occurrence of a very poor
vegetation, called thriften, which in many cases is totally absent.
The soils are Lithosols, and rock outcrops are abundant.

2.1. located on the illuminated side of the hills (Class 3)
2.2. located on the shaded side of the hills (Class 4). This

class also includes zones where some regeneration of the
vegetation has taken place, resulting in a somewhat higher
vegetation density.
3. Phrygana, a very dry vegetation, composed of spiny shrubs and
herbs. The dominant species is Sarcopoterium spinosum;
subordinate are Phlomis fructicosa. Genista acanthoclada together
with microphyls, trichophytes and other herbs. The density of the
vegetation is low and seldom exceeds 30 %.

3.1. located on the illuminated side of the hills (Class 5)
3.2. located on the shaded side of the hills (Class 6)

4. Maquis (Class 7). A dense vegetation of shrubs, mainly Pistacia
lenliscus and Quercus ilex. The soil coverage amounts 70 to 80%.
5. Agricultural land

5.1. Crops are still present on the fields (Class 8). The
major crop, at the date of recording, are vines. At that moment, the
vines reach their maximum soil coverage, although the influence of
the soil on the reflection still remains very important.
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Table 1. Commission-omission matrix

5.2. No crops present (Class 9). These areas correspond to
fields used lor the cultivation of cereals.
6. Trees

6.1. Evergreen trees (Class 10), found in the irrigated zone
of the agricultural land where parcels are bordered with a fence of
cypresses. This area is also characterized by an important amount
of shade. This class also includes the areas with a high density of
olive trees.

6.2. Deciduous trees (Class 11), located along the rivers
and composed of Platanus orientalls.
7. Bare rocks

7.1 Limestone (Class 12)
7.2 Shale (Class 13)

8. Built up areas (Class 14).

The commission-omission matrix is shown in table 1.
This table indicates an important overlap between the classes
Phrygana, Burnt land and Bare rocks. The overlap is mainly due to
the similar characteristics as it concerns the soil coverage. Each
class is characterized by a poor to extremely poor density. The
class Phrygana shows a strong variation of vegetation density: at
some places the density is relatively high compared to neighbouring
zones where rocks outcrop.
Other overlaps are found between:
" the classes Evergreen and Deciduous trees due to the occurrence
of highly reflecting IR phenomena inside the training areas of
Evergreen trees,
• the class Phrygana located on the shaded side and the class
Evergreen trees because of the common factor (shadow), and
* the classes Bare rocks and Built up areas due to the total
absence of vegetation

Based upon the statistics obtained from sampling, a supervised
classification has been performed using 6 Thematic Mapper bands
(Visible. NIR and MIR). Because some of the class histograms
indicated a kurtosis. the Maximum Likelihood classifier with
threshold equal to 7 was opted for. The class statistics are used for
extrapolation over the whole study area After classification, the
different sub classes are combined

A clear differentiation m land cover can be made between the
northern and the southern part of the study area. Because of the
more favorable climatic conditions (higher rainfall, somewhat lower
temperatures) a dense maquis vegetation, in combination with
deciduous trees occur in the region to the north of the Ochi-
mountain range. South of this range, phrygana is dominant and
rock outcrops are frequent.
The main agricultural zones are found in the area to the west of
Karystos, and more to the north in the basin of the Mégalo Renui
Other, smaller agricultural areas can be found along the hill slopes
where conservation practices, such as terracing, are applied.

5.2 Topography

Topographical information is obtained by digitizing contourlines
every 100 m in the hilly regions, and every 20 m, 10 m or 5 m in the
flat lands and in top zones. After digitalization, a Digital Elevation
Model is created by means of a linear interpolation. Figure 3
represents a 3D-view of the study area (rotation x-axis: S22°E,
vertical exaggeration: 6x).
The interpolated image is then used as basic document for the
calculation of two derived maps, slope and aspect.

Figure 3. 3-D view of the study area.

5.2.1.Altitude

The study area is characterized by
* a strong variation in altitude, ranging between O and 1398 m (Ochi
mountain).
* the Ochi mountain chain extending in north-easterly direction
towards Cape d'Oro.
* restricted areas occurring at low altitude. Areas below 50 m
t-uiieipond mainly witli the agricultural zone of Karystos.
This illustrates the coiistal steepness of the area which clearly is to
be seen in figure 3 altitude increases rapidly from O m to 100 m
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5.2.2. Aspect

The southern part of the island of Euboia is characterized by
pronounced mountain ranges, causing an intense fragmentation of
the land.
9 classes are distinguished (fist, S, SE, E, NE, N, NW, W and SW).

S 2.3. Slope

According to the Greek soil classification system, 8 classes are
disiir.guished: 0-2 %, 2-6 %, 6-12 %, 12-18 %, 18-25 %, 25-35 %,
35-50 % and > 50 %.
South Euboia is characterized by steep to very steep slopes,
especially in the area to the north of the Ochi mountain range and
along the coasts where slopes in general exceed 35 %.
Flat areas (0-2 %) correspond with the important agricultural zones
of Karystos and the one of the Mégalo Rema. At the border of
these areas, slopes 2-6 % occur and are mainly used for the
cultivation of cereals which in many cases is done on terraced land.

5.3. Distance to roads

The basic document for the information concerning the accessibility
of the area is the topographical map. The road network, more
precisely the hard road, is digitized and distances are calculated.

South Euboia shows a strong difference between the northern and
the southern part. To the north, roads are limited. This area is
scarcely populated and highly dissected by the relief. The area
south of the Ochi mountain chain, and more in particular the area
around Karystos, as well as the agricultural zone of Karystos, is
crossed by a dense road-system. Only limited areas, among them
the west coast of Cape Paximadhi to the west and the central zone
of Cape Mandili to the east, are located at a distance of more than
150Om.

6. RISK CALCULATION

By means of the geographical information system, it was possible
to cross the different layers of data. Based upon the comparison
between the localization of burning (period: Aug. 01 1985 and Sept.
21 1989) and the thematic maps of the influencing factors, the risk
for environmental degradation is calculated.

The different influencing factors form part of a hierarchical system,
in which it is found that the occurrence of fire depends upon:
Vegetation type in the first place,
Altitude and Aspect in the second place, and
Slope and Accessibility of the area in the third place.

Each factor is labelled with a weight according to its rank in the
hierarchy: a higher weight indicates a higher risk for fires. The
weights are chosen so that the values of the risk map vary between
0 and 255, and are equal to 50, 25 or 10.
The different classes of the influencing factors are given a score (O,
1 or 2) according to their risk,

where O refers to no risk
1 refers to moderate risk
2 refers to high risk.

The weight of each factor and the scores of the individual classes
are given in table 2.

Out of the comparison between the thematic maps and the
localization map of fires, H can be said that:

1. concerning the vegetation:
The characteristics of the Mediterranean vegetation highly influence
the sensitivity to fire. Most of the plants are xerophytic. During the
summer period, vegetation is extremely dry. Most plants and
shrubs have a high concentration of oils (Cistaceae, Lamiaceae)
and resins.
The plant communities also show a great diversity in density. In
general the higher the density, the higher will be the hazard for
burning.

It is found that:
* the typical Mediterranean vegetation formations (phrygana,
maquis) are highly sensitive to fires.
* Areas moderately sensitive to fire correspond with agricultural
land, former burnt land (with Thriften vegetation), evergreen trees.
The typical Mediterranean vegetation types: phrygana, maquis and
evergreen trees cover an area of respectively 175.90 km2, 107.92
km2 and 107;22 km2 in the forest district of Karystos. The zones
suffering from burning have an areal extend of 29.26 km2, 5.93 km2

and 8.15 km2. This corresponds to 43.34 km2 of the total
combustible area of 391.04 km2, with an annual average of 4.8 km2

(1.23 % of the area). This means that each plot of natural
vegetation of the forest district of Karystos will burn every 80 years.
The annual average for Greece is 0.5 %, corresponding to a period
of 200 years.
* Formations with low soil coverage, as well as bare rocks are not
sensitive to fires. This is also the case for the deciduous trees
because they mainly occur at places where water is present.

2. concerning the altitude:
The altitude of the area is of minor importance. In general it can be
said that the higher located, the lower will be the risk for burning.
The reason for this is the changing climatic conditions: with
increasing altitude, temperature decreases and moisture
(precipitation) increases.

3. concerning the aspect:
The aspect influences the risk tor burning due to differences in
insolation (drying up), precipitation (lee-side of precipitation).
Strongly insolated areas, thus orientated towards the southeast to
southwest, are highly sensitive to fire.

Three classes are differentiated: 1. Fiat areas (no risk), 2. areas
with a southern exposition (high risk), 3. areas orientated towards
the north, east or west (moderate risk).

4. concerning the slope:
The risk classes are: 0-6 % and > 50 % (no risk), 6-18 % (moderate
risk) and 18-50 % (high risk).

CLASS RISK
VEGETATION (wek

Water
Bare rocks
Built up areas
Deciduous trees
Burnt land (thritten)
Agricultural land

Stubbles
Crops

Evergreen trees
Phrygana
Maquis

None
None
None
None

Moderate

Moderate
Moderate
Moderate

High
High

SCORE
jhtSO)

O
O
O
O
1

1
1
1
2
2

CLASS
ASPECT

Flat areas
East
North east
North
North west
West
South west
South
South east

ALTITUDE
»1000 m
500-100Om
O - 500 m

RISK SCORE
(weight 25)

None
Moderate
Moderate
Moderate
Moderate
Moderate

High
High
High

(wek

None
Moderate

High

O
1
1
1
1
1
2
2
2

phi 25)
O
1
2

CLASS | RISK
SLOPE (wen

O • 2 %
2 - 6 %
6-12%
12-18%
18-25%
25-35%
35 - 50 %
> 50 %

DISTANCE TO I
> 1500 m
500-150Om
<500m

None
None

Moderate
Moderate

High
High
High
None

OADS
None

Moderate
High

SCORE
Jh1 10)

O
O
1
1
2
2
2
O

weight 10)
O
1
2

Table Z. Weights and scores of the different influencing factors and respective classes used for fire risk mapping



' lope ; Ot more than 50 % tuwe in general a very thin vecetati jn
ij'.ur with a high degree Ot rock outcrops or vegetation is ev in
totally absent. This results in the low risk tor burning.
Slopes between O and 6 % correspond with agricultural land
(cereals, vines, citrus and other irrigated crops) and are seldom
subjected to lire.

5 concerning the accessibility of the a rea (distance to roads):
A clear relation can not be found. Nearly 50 % ol the observations
is made in areas at a distance of O to 500 m. Areas at more than
2500 m are only slightly affected by fires
Due Io the high dispersion of the fires in function of the distance Io
roads and due to the strong relief, it can be deduced that the
influence of tourists themselves is negligible. Tourists do not
deviate too often from the main road It are mainly the shepherds,
and not to target the speculative touristic proiect managers causing
the annual plague of vegetation lires The latter is the principal
cause ot the frequent fires in the surroundings of the town of
K.irystos

Tfie calculation of the risk for fires is based upon the formula

Risk = V + A + 0 + S + D

where V = 50 x v (v score of the land cover class)
A = 25 x a (a score of altitude class)
C - ^Z A o i'o b,rOie ul dbptxt class)
S = l O x s |s scoru ot slope class)
D = 10 x d (d score ot distance class)

Tl e rer ulting values vary between O and 240 Low values indii j >
low risk pixels with high values refer Io highly sensitive zones
The fire risk is divided into four classes.

no risk

slight risk

moderate risk

severe risk

0 - 7 5

76-125

126-175

176-240

The resulting risk map is illustrated in ligure 4.

The very southern part of the island ot Euboia is extremely
sensitive to burning. More than 37 % of the area shows a severe
risk. These zones are covered with a semi-natural vegetation of
phrygana and maquis, and are mainly found on Cape Paximadhi to
the west, Cape Mandili to the east, and an important part ol the
basin of the Mégalo Rema
A moderate risk is obtained for the poor vegetation types (former
burnl land) and in parts ot the agricultural lands used tor the
cultivation of cereals This class also includes areas with evergreen
trees, which mainly occur in thalwegs due to a higher soil moisture
content. These areas are in many cases surrounded by zones with
a spiny vegetation,
A -.ligt-; iisk is obtained loi the aynculturdl land (cultivât un ul
qirnes irrigated crops) occurring on low and flat zones and areas
with de ;iduous trees at higher altitudes

Figure 4 Risk map lor environmental degradation caused by fires

(Legend 1 No risk - 2 Slight risk - 3 Moderate risk - 4. Severe risk)

1
.*: .
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Areas free of any danger (or fires correspond with the Ochi
mountain chain. The absence of risk is due to the altitude, the type
of vegetation present (if any) and the steep slopes.

The combination of the risk map and the fire localization map
showed that more than 19 % of the area with severe risk, actually is
burnt during the period 1985-1989. Opposite, only 2.2 % ol the area
with no risk has been burnt during the considered period.

7. CONCLUSIONS

The methodology used for this study, based upon a combination of
multi temporal field survey, remote sensing techniques and GIS,
seems to be an appropriate tool for the assessment of fire risk. Risk
mapping can be performed in a fast and highly reliable manner. The
determination of the different influencing factors vary depending
upon the region under study for which field survey is obligatory.

The risk mapping in the very southern part of the island of Euboia
will be completed by introducing other influencing factors, such as
climatology, geomorphology, and additional statistical data.
The resulting maps can be used by the authorities in order to take
remedial measures in the risk zones (taking precautions in the
affected areas, making an accelerated first aid possible, combat tire
in endangered areas in preventive way by taking into account the
direction and strength of wind).

vv"
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Abstract

The identification of different lithotogies in the ATr massif from
satellite data is based on the knowledge of the spectral signatures
from minerals and rocks collected during several field surveys.
This spectral study is thus performed by a deterministic type of
image processing.
High resolution spectral reflectance signatures of these samples
have been measured in the laboratory and interpreted. The link
with the remotely sensed data is established through a calibration
procedure, using the 5S atmospheric correction model. After
calibrating TM data to reflectance factors, a ratio technique has
been adopted in order to minimize the effects of topography.
Colour composite of a combination of TM bands ratios (5/7, 5/1,
(3 + 5)/4; Crippen, 1988), is displayed and interpreted to
emphasize the spectral features related to hydroxil or carbonate
band absorptions, and to the presence of ferrous and ferric ions.

Keywords: spectral remote sensing, reflectance, image processing,
lithology, Niger.

I. Introduction

This work is part of a two and a half years research program
called "Géoréflectance", funded by the Science Policy Office
of Belgium and realized by the Laboratory for Aérospatial
Remote Sensing of the Royal Museum for central Africa
(MRAC).

The present application has been started in collaboration with a
research team of MRAC, in the frame of a project in the A'ir
mountain (Niger), aiming at the reconstruction of petrological
and structural history of the area. The part presented here is
the first step of the program , consisting of the development of
the tools used in assisting the geological mapping. The samples
and the description of their field context have been provided by
the field geologists of the A'ir project.

2. Geological setting

The Air Massif is located in. the southern Sahara. It constitutes
the eastern part of the Touareg shield, in the internal zone of
the Trans-Saharian range of Panafrican age (fig. 1).

The studied area has an extension of 30X30 km in the south-
eastern part of the A'ir Massif. It includes a N-S to NNW-SSE
orientated overthrust zone, dipping 20 to 30 degrees to the
West. The allochtone is divided in several wedges overlying an
ophiolite complex. The lower nappes, near the main thrust
zone, are composed of chloritoschists, meta-arkoses, quartzites
and marbles, while the upper nappes display feldspathic
gneisses, marbles and amphibolites intruded by calco-alcaline
granites. The autochton domain is poorly known but it is
characterized by a tonalitic magmatism and is partly covered
by the molassic group of Proche Ténéré.

10 11 12 13 14

1. alluvial, eluvial, 2. tronjhemite, 3. hornblende grancdiorite, 4.
Proche-Tanere Molassic diorite formation, 5. Tchebarlara
porphyraceous granite, 6. quartzitic diotite, 7. biotitic pegmatoTd
granite, 8. marble, amphibolite, leptynite, 9. gneiss, amphibolite,
10. Quartzite, 11. cipolin, 12. marble, 13. amphibolite, 14.
chloritoschist formation, 15. olivina basalt.

Rg. 1: geological map,'Black, 1967.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munch. Germany, 30 March-4 April 1992
(ESA SP-341, July 1992)
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3. Laboratory spectral signatures

The spectral signature of samples collected during several short
surveys has been measured in the laboratory with either a GER
IRIS MARK V or a PIMA spectroradiometer (fig. 2; fig. 3)
and analysed in terms of mineralogical composition (Refs. 4,
5. 6, 7, 8, 9, 1O)). The results were used to determine the
methodology of TM data processing to optimize the embedded
lithological or mineralogical information extraction.

* Amphibolite: mainly composed of hornblende, with some
plagioclase and quartz.
The spectrum is dominated by two broad features near 700 and
1000 nm due to ferrous and ferric ion absorptions and hydroxil
bands near 1400, 2280, 2320, 2395 nm in hornblende.
Included water is observed at 1912 nm.

* Marble: rich in calcite (90%) contaminated with some quartz
(5%) and muscovite .
The spectra displays ferrous absorptions in the near-infrared
probably due to Fe- bearing muscovite.
The calcite contributes to the combination and overtone bands
of the CO3 fundamentals at 1407, 1870, 1900, 2160, 2330
nm.

* Tchebarlare granite: contains feldspars, green biotite ,
epidote and some amphibole.
The green biotite and epidote display hydror.il band features
near 2320. 2380, 2345 nm.
A molecular water band at 1912 nm is also observed.

* Eber granite: composed of weathered alkali feldspar,
abundant amphibole and epidote and some chlorite.
Broad general absorption bands in the spectrum centered near
700 nm and 1000 nm are attributed to ferrous and ferric ions in
amphibole.
The very strong hydroxil absorbtion features near 2212, 2250,
2345 nm are mainly due to epidote and probably also to
amphibole.

UJ
O
Z

O
UJ

UJ
rr

( W A V E L E N G T H )

ICOO

nm

Fig.3: laboratory spectral signatures measured with the PIMA
spectroradiometer: 1- chloritoschist, 2- marble, 3- Tchebarlare
granite, 4- gneiss, 5- quartzite, 6- Eber granite, 7- ultrabasic rock,
8- amphibolite.

* Chloritoschist: contains abundant clay minerals or micas and
a large amount of hematite (15%).
Its spectrum displays two iron absorbtions near 650, 850 nm
and a sharp drop-off to the blue in the visible probably due to
the presence of hematite.

* Ultrabasic rock: composed of abundant amphibole (85%)
(actinolite-tremolite series) and of some olivine.
The spectrum is characterized by a strong ferrous ion band
near 955 nm and strong hydroxil absorption features near 1400
nm, 2320, 2490 nm in olivine and amphibole.

* Quartzite: contains a very large proportion of quartz (90%)
with minor muscovite.
The weak broad bands near 700, 900 nm are due to ferrous
and ferric iron absorptions. The hydroxil bands at 1400 and
between 2200, 2350, 2450 nm are attributed to muscovite.

* Gneiss: this rock is composed of micrccline, plagioclase,
quartz, biotite (5%) and some muscovite.
Ferrous and ferric absorptions are observed near 450, 620, 680
nm and strong hydroxil band features near 2215, 2340 nm are
attributed to muscovite and biotite minerals.
This spectrum of a metamorphic rock also displays an
absorption near 1900nm due to water.

•f. REFLECTANCE

70

QUARTZITE

Too BOO 1300 1700 2100 2500

Fifl.2: laboratory spectral signatures measured with the IRIS Mark
V GER spectroradiometer.
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4. Calibration of the TM data

A calibration procedure is required to extract reflectance
spectral signatures from the remotely sensed data coded in
digital numbers (DN. bytes).

The evaluation of atmospheric effects plays an important pan
in the calibration. The spectral radiances received by the
satellite in the TM bands are simulated for ground targets of
reflectances (r(b)) O and 1, with the SS atmospheric model, for
Simulation of the Satellite Signal in the Solar Spectrum,
developped by the Laboratoire d'Optique Atmosphérique of the
Université des Sciences et Techniques de Lille and the Centre
spatial de Toulouse (France). The input paramètres are:

dale 10/10/1989
hour (GMT) 9h 15'
longitude 9.226" (east)
latitude 17.659° (north)
atmosphere type: tropical, continental
horizontal visibility: 30 km
homogeneous ground aroud the target

Due to the lack of information regarding the actual
atmospheric conditions, a fairly clean sky corresponding to a
horizontal visibility of 30 km has been assumed.
The results are displayed in table I.

H.V. !
(km) 1

TM3 TM4 TMS

2.256 : 1.434 0.662 0.401

1 I 29.005 I 31.768 j 23.533 ! 27.852 10.097 i 4.260*
i

Table I. Values of the apparent radiances at the satellite computed
for a horizontal visibility (H.V) of 30 m, for objects with a
reflectance of O and 1.

The value of DN(b) for r(b)=0 is the direct expression of the
energy scattered by the sky but not reaching the target (path
radiance). The DN(b) for r(b) = l car exceed 255, wich
corresponds to sensor saturation (LMAX(b) in table III).

P(b)

O

1

1

DN(U)

ON0

DN1

DN1-DN0

TM1

56

688

632

TMZ

16

307

291

TM3

12

383

371

TM4

6

256

250

TM5

5

416

411

TM7

4

281

277

Table III. Values of the digital numbers in the TM hands b for
ground targets of reflectances O and 1, and range.

P(1) = 0.40 DN01- 22.59
P(Z) = 0.88 DM21-14.02
P(3) = 0.69 DN,,.- 8.25
P(4) = 1.02 DN -6.12
P(S) = 0.92 DNL,-3.68

DNb-DN0(b)

DN1b-
x 255

Table IV. Final calibration of the digital numbers of the TM spectral
banrfs (b) to computed reflectances ranging from O to 255.

The TM images may then be recoded in values of "estimated
factors of reflectances" r(b) ranging from O to 255 in each
spectral band b (table IV).

As no topographic calibration is applied, and little is known
concerning lambertian or specular reflection of the surfaces .
the spectral signatures computed from satellite data will be
affected by these parameters (mainly globaly offset), but the
overall shape of the curve will remain significant. The
illumination effects will be minimized by channel ratioing.

The radiance values are then converted to image digital
numbers (DN, coded in 1 byte) using the Eosat lookup tables
(table II).

Gb = LMAXb-

DNb =

255LMINb

LMAXb-LMINb

I
~~~ ~~
LMINb

LMAX
b

Q

Bb

TM1
.

-0.11

10.68

23.633

-2.600

TM2

-0.25

26.36

9.583

-2.396

TM3
.-.

-0.09

15.65

16.201

-1.458

TM4

-0.20

27.69

9.143

TMS

-0.09

-1.829

6.11

40.800

-3.672

TM7

-0.05

3.86

65.217

-3.261

Table II. Gains and offsets computed from TIPS calibration values,
converted in w/m'Sr.

5. Image processing

The ratio technique is generally adopted in order to minimize
the calibration problems in converting satellite data to
reflectances and to decorrelate the components of the images.

A red-green-blue colour composite based on ratios of TM
bands 5/7, 5/1, (5+3)/4 (Sultan and al., 1987; Crippen, 1988;
Drury and Hunt, 1989) emphasizes the spectral features related
to clay or carbonate minerals vibrational absorption peaks,
charge transfer or cristal field effects (image I, 2, 3: ratio

TM5/TM7, TM5/TM1,

5.2. TM spectral signatures

Small areas of known lithology have been selected on the
image, where ground information is available and samples
have been collected. For these areas, mean spectral values of
the TM bands are computed and used to draw the spectral
curves of the ratio values (fig. 4).
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Analysis of ratios color composites
values are stetched from o to 255

200

100

GNEISS

AMPHIEOLITE '

ft. liiU'rpri'talion

NIC inli-rpri-ialion ol the resulting image cnnhrnis some
teauires ol the CMMIIIS; map and brings a large amount ol new
intonnation (Hu. Si.
I'lic extension ot the Ichebarlare granite is modified, ihc /one
ot chloritoschisls described on the map is replaced by an
ophiohte complex, chlontoschists layers and quart/lie. Local
variations ol the gneiss complex are recoam/ed: Ihe
jmphiholile and marble layers are well delimited.
The recognition ot lithologie variations enhances the mam
structural teatures.

_L
TM 5
TM?

Red

l-ig. 4: Ratio \alucs.

TMs
TMi

Green

TM3+TMS
TM4

Blue

Image 1: TM5/TM7.

TG: Tchebarlare porphyiaceous granite, D: quartzitic dionte. Le:
marble, amphibolite, leptynite, Gn: gneiss, amphibolite, Q:
Quartzite, M: marble, a: amphibolite, Sc: chlontoschist formation.
Ub: Uluabasic rock, Eb: Eber granite, To: Tonalité
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7. Conclusion

The studied region provides very favourable conditions for a
spectral approach of lithologie mapping: no vegetation, limited
atmospheric effect and a good variety of rock types and
weathering conditions.

An interpretation map derived from the processed image data
provides new information on the extension and limits of the
lithologie types, their internal variation, and their spatial
relationships.

Moreover, the access to the field is rather difficult in this
desert area, so that the additional information provided by
remote sensing is quite valuable.
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NATURAL DISASTERS AND THEIR MITIGATION USING SPACE TECHNOLOGY

by

Adigun Ada Abiodun

Outer Space Affairs Division, United Nations, New York, N.Y. 10017

ABSTRACT

A significant number of events that
are classified as natural disasters can be
attributed to environmental mismanagement
and degradation. This paper reviews these
contributing factors and the roles of space
science and technology in their
understanding and mitigation. Potential
future ground- and space-based programmes
specifically dedicated to disaster
mitigation are also highlighted. The need
to address other associated elements that
could enhance the effectiveness of a
disaster mitigation programme is
emphasized.

INTRODUCTION

Since human creation, "natural
disasters" have been defined as those
interactions of natural phenomena with our
planet Earth that inflict damage and human
suffering. The Tampere Declaration also
defined disasters as "extreme occurrences
which outstrip the ability of an affected
society to cope with them. Behind these
events often lie chronic problems stemming
from the interaction of natural,
environmental and man-made factors." '
These elements include floods, droughts and
associated famines, forest fires, tropical
cyclones (hurricanes and typhoons),
thunderstorms, tornadoes, landslides, snow
storms, earthquakes and volcanic eruptions;
most of these are environmentally induced.

In addition, in the past three
decades, the interrelationship between the
state of the Earth's atmosphere and the
welfare of humankind here on Earth has been
causing a great concern. Mankind's first
major global attempt to address this
concern was the United Nations General
Assembly Resolution A/RES/1721 (XVI) of 20
December 1961 which called for a study on
"measures to advance the state of

atmospheric sciences and technology in
order to improve weather forecasting
capabilities and to further the study of
the basic physical processes that affect
climate." The environmental status of the
global community today, with its attendant
problems of ozone-depletion, greenhouse
effect and deforestation, makes such a
focus imperative.

CAUSES OF NATURAL DISASTERS

Today, information dissemination made
possible by advances in telecommunications
technology has made the global community
more conscious of natural disasters. For
example, a steep population growth with its
attendant density and pressure continues to
exacerbate the strain on the land. In
addition, humanity continues to take
increasinT chances with nature; examples
of the latter abound and they include (a)
farming .̂nd building on steep slopes that
are susceptible to landslides; (b)
establishment of human settlements within
areas of volcanic activity in earthquake
zones and in flood-prone plains; and (c)
the building of reservoirs in earthquake
zones which often lead to great property
loss and human suffering.

Floods

Most natural disasters are localized;
flooding is one of these. In addition, the
connection between deforestation and floods
has been known for centuries. While floods
in the Indian subcontinent, for example,
are triggered by monsoons, however, they
are caused by deforestation and soil
erosion. Which of these acts are natural,
which ones are man-made? At one time, the
forested slopes of the Himalayas, and the
thickly vegetated soil that protected the
trees on these slopes soaked up the annual
monsoons like a giant sponge, releasing the
waters gradually throughout the year. The
three great rivers that have the Himalayas
as their catchments, that is, the Indus,
the Brahmaputra and the Ganges, rose and
fell seasonally, in relative moderation.
Thiit is not the case today. According to
Anil Agarwual in an article written on the
"State of India's Environment 1982", the
forested area of the middle Himalayas has
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decreased from 33% to barely between 6% and
8%. From Kashmir in the west, to Assam in
the east, the story is the sane. Below
2,000 metre level there are literally no
forests left. '

Instead of flowing more or less
predictably year round, the above three
great rivers flow uncontrollably in the
weeks and months after the monsoons, and
run relatively dry thereafter. The many
floods that have inundated the plains of
the Himalayas rivers, particularly in
Bangladesh and India, are well known.
Without trees, the sponge characteristic of
the land is diminished; the soil is washed
off from the hillsides and into the rivers.
The resulting erosion tears off farmlands
and plunges the people affected into deeper
misery and subsequent poverty. The ever-
increasing population and rising demands
for timber, accelerated by modern logging
techniques, the need for fuelwood and for
more land to cultivate, have combined to
accelerate deforestation and erosion at an
alarming rate in the region as well as in
many other parts of the world.

Drought

The world community witnessed, through
television, the stark reality of the
drought and associated famine in Africa,
from Senegal in the west, to Ethiopia in
the east, in the late 1970s through the
mid-1980s. India went through a similar
tragic experience in the 1965-67 time
period. Zimbabwe and South Africa are
today's victims of drought. Drought,
generally caused by climatic variability,
is another feature of natural disaster; it
is a situation when people do not have
enough water for their survival, that is,
enough water to drink, to water their
animals and to grow food and fodder.

Hurricanes

The interaction of the atmosphere and
the oceans results, from time to time, in
such strong events as the 1972/73 and
1982/83 El-Nino. The latter is exemplified
by the warmings of the coastal waters (off
Peru and Ecuador) which are associated with
major periodical reversals in the
atmosphere called the Southern Oscillation.
Research results have shown linkages
between El-Nino Southern Oscillation events
and world wide pressure variations
including the droughts in Australia and
parts of South America. Other climatic
variability events that have caused much
havoc include tropical cyclones such as
Hurricane Gilbert that struck Jamaica in
September 1988, Hurricane Hugo that
paralyzed the Atlantic Coast of North
Carolina in September 1990, and the
unparalleled tropical cyclones and the
accompanying storm surges that swept the
bay of Bengal in 1970 and in 1991 resulting
in the loss of close to 500,000 and 140,000
lives respectively in Bangladesh.

The Changing Atmosphere

"The Changing Atmosphere: Implications
for Global Security" which was the focus of
an international conference held in
Toronto, Canada, in June 1988, is also a

major preoccupation of humankind today.
The latter is predicated on the fact that
the state of the Earth's atmosphere has an
overwhelming impact on most human
activities including energy development,
food production, human habitat (development
of cities and design of buildings), water
resources development, human health, public
safety, transportation, construction
activities and recreation.

For example, the first six months of
the year 1988, particularly in the USA,
were the hottest in the 130 years of
temperature record keeping; similarly the
five warmest years in the past hundred
years have been 1980, 1981, 1983, 1987 and
1988. 3 Some researchers believe that the
global heat wave in recent years may be
linked to a continuing increase in the
concentration of carbon dioxide in the
Earth's atmosphere partly as a result of
human activities; * the latter include the
combustion of fossil fuels (coal, natural
gas and oil) and deforestation (about 30
million acres annually *). The release of
nitrous oxide into the atmosphere by
mankind's use of fertilisers and by motor
vehicle exhausts and methane from
industrial activities may also be
contributing to the warming effect.

The problem is that atmospheric carbon
dioxide and other gases trap a significant
portion of the radiation (heat) emitted
from the Earth's surface, thus creating
what is generally known as a greenhouse
effect. The net effect of this process is
a possible gradual warming of the globe and
subsequent changes in the many aspects of
the world's climate as we know it today.
Such a warming process could lead to
prolonged higher global temperatures, to
the gradual melting of the ice-caps and
glaciers, and to the warming of the ocean
waters, all culminating in a subsequent
rise in the sea level with its attendant
coastal zone management problems.
Subsequent drier summers in the higher
latitudes and prolonged droughts in the
tropics would threaten the existence of
humanity to a degree too serious to
contemplate.

Earthquakes and volcanic eruptions

Earthquakes and volcanic eruptions are
caused by convective circulation or
instabilities in the mantle of the Earth.
These instabilities often result in strains
in the lithosphère and in the subsequent
rapid failure and release of energy.
Movements of the tectonic plates produce
major breaks in the lithosphère, leading to
mechanical or physical-chemical action and
the subsequent release of thermal energy.

One of the earliest recorded volcanic
eruptions was that of Mount Vesuvius in the
year A.D. 79 which buried the city of
Pompeii in Italy; this city was
rediscovered in the year 1748. In recent
years, earthquakes and volcanic eruptions
have wrought devastations in different
parts of the world, such as in Alaska
(1963), Mount St. Helen, State of
Washington (1980), Mexico City (1985), San
Francisco (1989), Armenia (1989), and Mount
Pinatubo, the Philippines (1991).
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Asteroids crossing the Earth orbit

The re-entry of natural objects from
outer space into the Earth's atmosphere,
and the subsequent devastating damages they
could cause are also gaining attention.
While astronomers have not offered to save
the world from any cosmic disaster, they
are nevertheless concerned about the
eventuality of such a disaster. Lending
credence to their concern is the fact that
approximately "130 impact craters judged to
have been formed by asteroids of 0.62 miles
or greater in diameter have been identified
(Figure 1) *; these asteroids have survived
atmospheric burning, while ejecting dust
and nitric acid into the atmosphere. In
order to locate asteroids that could pose
future dangers to humanity, the authors of
a recent NASA study called for the building
of six ground-based telescopes which they
believe could find 1,050 to 4,200 Earth-
orbit crossing asteroids that are at least
0.62 miles in diameter. The impact of such
asteroids on Earth, it is believed, would
result in "cold and darkness [which] could
last for months, crippling agriculture and
probably a good part of modern
civilization, leading to the deaths of a
billion or more people from starvation."

Disaster statistics and actions at the
United Nations

According to the International Red
Cross statistics, there was a sharp
increase in natural disasters from the
1960s to the 1970s; there were even bigger
jumps from the 1970s to the first few years
of the 1980s. Fifty-four such disasters
per year occurred in the 1960s and eighty-
one per year in the 1980s. The number of
people affected by natural disasters jumped
from 19 million per year in the 1960s to 24
million per year in the 1970s. UNDRO
reports have shown that between 1967 and
1987 natural disasters were responsible for
nearly 3 million deaths worldwide and for
property damage of more than US$23 billion.
Within that period, natural disasters
adversely affected more than 829 million
people. '

Given the above statistics, it is
therefore understandable that the subject
of disaster mitigation and prevention is
receiving global attention. In this
connection, in 1989, 156 nations joined in
co-sponsoring a United Nations resolution
which proclaimed the period January 1990
through December 1999 as "International
Decade for Natural Disasters Reduction
(IDNDR)." The decade is expected to focus
on the development and application of new
technology in the field of disaster
management. ' Through its Space
Applications Programme, the United Nations
is contributing to the activities of IDNDR;
the first of these was the September 1991
UN/UNDRO/ESCAP Workshop on the
"Applications of Space Techniques to Combat
Natural Disasters" which was held in
Beijing, China, for the benefit of Member
States in Asia and the Pacific. A similar
activity will be organized in Mexico, in
1993, for the benefit of countries in Latin
America and the Caribbean.

ROLES OF SPACE TECHNOLOGY IN DISASTER
MITIGATION

An effective natural disaster
mitigation programme should include (a)
accurate prediction of the event that may
cause or contribute to the cause of a
disaster; and (b) a rapid assessment of the
location and extent of damage and an
evaluation of the potential for further
damage (such as earthquake aftershock, mud
slides, storm surges). An improvement in
the knowledge of the causes and mechanisms
of a disaster (e.g. improvement of
meteorological forecasting) would advance
disaster prediction. Similarly,
improvement in Earth observation systems,
which must become more independent of
weather and sunlight conditions, will
enhance disaster assessment, facilitate
rescue missions, and be invaluable in
reconstruction efforts. Today, weather
forecasting is severely Limited by the lack
of accurate information on wind and wave
speed and direction over a large part of
the ocean, particularly in the southern
hemisphere. The lack of precise altimetric
and geodetic measurements over long periods
is also a constrant to plate motion models
development on a human time scale.

The study of natural disasters, their
prediction, prevention and control can and
are benefiting from new terrestrial and
space technologies, including Earth
observation systems, as well as mobile and
fixed satellite communication systems.
Space technology can provide essential
information in the preparation of hazard
related maps such as vulnerability maps -
keys to avoiding many of the natural
disasters; these include land use or land
cover maps. The latter can show the
location of cultural concentrations such as
houses relative to earthquake zones (seen
on maps as lineaments), flood plains and
landslide hazard areas. Space science and
technology has also contributed to a
dramatic leap in global awareness of both
natural and other types of disasters; for
example, the world watched through
television the 1986 Chernobyl nuclear
accident, the 1991 Bay of Bengal typhoon,
and the June 1991 eruption of Mount
Pinatubo in the Philippines, as each
unfolded.

COMMUNICATIONS SATELLITES

Traditional terrestrial tele-
communications - particulary in remote
areas of disaster-prone countries - have
been costly to install, difficult to
repair, and vulnerable. Accordingly, such
systems have been found to be virtually
useless in areas where geography or climate
inhibited their installation and
maintenance, and thus have had limited
value to disaster managers. Satellite
communication systems offer an important
potential for real-time dissemination of
disaster information. Early warning and
quick re-establishment of communications
are vital to mitigation and relief
operations for all rapid-onset hazards,
such as earthquakes, floods, landslides.

V \
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hurricanes, tsunamis, tornadoes, volcanic
eruptions and wildfires. When natural
disasters strike, the survival of the local
population may well depend upon the
contingency plans and preparations that are
already in place, since relief may be hours
or days in arriving. Usually, local
telecommunications networks are destroyed
by disasters. Under such circumstances,
vital services cannot be rapidly
reconstituted in the crucial early hours of
the response phase. Fixed Satellite
Services provide a variety of applications
for disaster management but they, too, have
limitations. Because of the need for large
size receiving and transmitting antennas
(and associated high power requirements),
quick response to areas of the world that
are difficult to access remains a
significant limitation to effective
disaster response. However, with recent
developments of Very Small Aperture
Terminals (VSATs), Ultra Small Aperture
Terminals (USATs), and phased array
antennas, Fixed Satellite Service will
likely be of greater use in disaster
management in the immediate future.

Among the reliable, instantaneous and
simple-to-use communications systems with
the outside world are new low-cost mobile
satellite communications systems. These
can p.1 ay a major role in reducing the
devastating effects of natural disasters
and complement and enhance existing
terrestrial and fixed satellite services.
They dramatically improve disaster
preparedness, early warning, and onset and
post-disaster relief operations. This
service is now available to areas
previously considered impractical or
impossible to cover because of their
location, terrain, weather or demography.
Mobile satellite communications can be used
by land, aeronautical and maritime
transportation industries. Accordingly,
the disruption of distribution networks of
food, water and essential medical supplies
due to disasters will be reduced. It can
also contribute to a reduction in response
time to medical emergencies and enhance the
ability to stabilize patients "on the
scene". Similarly, epidemiological
information, disease registries and blood
bank and medicine inventories could also be
communicated more rapidly.

One such service is the INMARSAT
global mobile satellite communications
system which is capable of supporting
disaster preparedness and relief operations
throughout the world. The system provides
high-quality, reliable communications
services through small, highly mobile
terminal equipment. The INMARSAT system
matches the specifications for a disaster
communications network: it is independent
of local telecommunications infra-
structures, not prone to single point
failure, provides unlimited communications,
compatible with other INMARSAT users,
simple to operate, flexible, portable and
reliable.

Today, search and rescue operations
are provided by an international satellite
system known as COSPAS-SARSAT Programme
which consists of a constellation of six
(6) polar-orbiting satellites and a network

of Earth stations. The Programme, which
involves 27 countries, provides distress
alert and location information to
appropriate rescue authorities anywhere in
the world for maritime, aviation and land
users in distress. Monitoring the Doppler
shift reception from a transmitting
distress beacon as the satellite passes
over the beacon allows rescue teams to
obtain a directional reference on the
beacon's location. Another satellite
passing from a different direction can
provide another directional reference at
the intersection of the vectors. With the
aid of this Programme, 2,030 people were
rescued in major disaster zones (air, land
and sea) of the world between September
1982 and June 1991 in 762 search and rescue
events. *

METEOROLOGICAL SATELLITES

Cloud maps, atmospheric temperature,
humidity, wind, radiation, precipitation
distribution and other information
derivable from a meteorological satellite's
payload can contribute to the fore-
knowledge of a hurricane or thunderstorm.
Synoptic observations of regional cloud
distribution by meteorological satellites
nearly in real time from geosynchronous
orbit have become an important element in
weather forecasting. Advanced techniques
for determining cloud-top heights and wind
fields are less well known but are equally
important. Several types of polar-orbiting
meteorological satellites have become
operational. As in the case of
geosynchronous satellites, .these are
expected to be a continuous source of
environmental data and should be considered
operational.

Because of their repetitive synoptic
coverage, satellites are perhaps most
effective in producing disaster warnings.
The archetypical example of this capability
is the meteorological satellites,
especially geosynchronous ones that are
used for tracking severe storms and weather
patterns. Such systems (GOES, EUMETSAT,
GMS and INSAT) are currently operational.
Existing and future experimental systems
will permit important sea surface wind
determinations which should improve today's
forecast capabilities. Meteorological
satellites are also used to warn of
impending disasters on the land.
Relatively low-resolution operational
instruments provide valuable data for
indirectly estimating rainfall, possible
drought and locust infestations. Future
satellites will provide the exciting
capability to directly measure rainfall.
Such data may be of use in flood
forecasting and landslide warning.

The response of the World
Meteorological Organisation and the
International Committee of Scientific
Unions to GA resolution A/RES/1721 (XVI) of
20 December 1961 was the establishment of
the Global Atmospheric Research Programme
(GARP) to observe, not exclusively, "the
global atmosphere on an intensive scale and
to have an unprecedented description of it
through one annual cycle." The achieve-
ments of GARP are well known including
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(i) the development of new and advanced
methods of data assimilation and analysis
resulting in forecasts of unprecedented
quality, (ii) marked improvements in
numerical prediction for four or five days
in advance, and (iii) accelerated progress
in climate research by stimulating the
development of global models.
Specifically, GARP has offered
opportunities for the launching of global
experiments such as the GARP Atlantic
Tropical Experiment (GATE) which provided
some knowledge about atmospheric processes
in the tropics and the Global Weather
Experiment whose objective was to observe
the global atmosphere on an intensive
scale. The latter has accelerated progress
in climate research by stimulating the
development of global models. 10

REMOTE SENSING SATELLITES

The ability of remote sensing
satellites to provide quick survey and
real-time transmission of data also allows
the use of information from high resolution
satellite sensor systems for forecasting
and monitoring of natural disasters as well
as for mitigating their effects, through
quick relief and accurate assessments of
losses. Remote sensing satellites such as
ALMAZ, ERS-I, JERS-I, LANDSAT, MOS and
SPOT, are now routinely used to observe,
map and monitor features and phenomena on
the Earth's surface. They are
distinguished from meteorological
satellites by their finer spatial
resolution capability, especially because
of their low-Earth orbit, a characteristic
that, enhances their value as disaster
mitigating tools. However, there are
limitations on the rate at which they can
transmit data to Earth, since the total
field of view of these satellites is
generally limited to a swath that is a few
hundred kilometres wide.

Disaster assessment generally places
an exceptional requirement on a satellite
system: the latter must respond very
quickly. Sudden disasters require frequent
observations. The rigidity of orbital
mechanics and the costs of optical systems
place considerable constraints upon
spacecraft characteristics such as
radiometric, spatial and temporal
resolutior.s that are most desirable for
response to such sudden disasters. The
optimal instrument appears to be a
pointable imager that sacrifices spectral
capability for spatial (and/or temporal)
resolution. Some improvements could be
achieved by flying such an instrument in a
low-inclination orbit.

Also worthy of consideration is cloud
cover, which is responsible for the loss of
approximately half the opportunities for
observing the Earth from space. In
particular, optical sensor systems cannot
guarantee availability of data from flooded
areas because such areas are likely to be
cloud-covered immediately after a flood.
The recent launch of research satellites
with synthetic aperture radar, an
instrument which can penetrate clouds, and
their attainment of operational status in
the near future will alleviate such

problems.

The Earth Resources Satellite ERS-I,
launched successfully by the European Space
Agency on 17 July 1991 into a polar orbit
with mean altitude of 780 km, represents a
new generation of such satellites. The
ERS-I mission will measure a number of
other parameters that are not covered by
existing remote sensing satellite systems,
such as the LANDSAT and SPOT series; its
data will also contribute to (a) improved
understanding of ocean-atmosphere
interaction in climate models; (b) major
advances in our knowledge of ocean
circulation and the transfer of energy; (c)
more reliable estimates of the mass balance
of ocean ice sheets; (d) better monitoring
of dynamic coastal processes and pollution;
and (e) improved detection and management
of land-use changes and cover.

ON-GOING EXPERIMENTAL AND FUTURE SYSTEMS

Geodynamic and GPS satellites

The study of the movement of tectonic
plates and thermal anomalies as precursors
to earthquakes and volcanic activities are
receiving greater attention. For example,
measurement of place movement requires
extremely precise determinations (within a
few centimetres) of position relative to
global frame of reference for a sample of
baseline locations around the world, and
repeated at intervals, over a period long
enough for the trend to be clearly
discernible above instrument noise. The
Laser Geodynamics satellite (LAGEOS) has
provided much data related to strains and
plate movements in the Earth's crust.
Precise positioning of such movements and
strains can be achieved by taking advantage
of the extraordinary accuracies obtaintable
by ground-based receivers using signals
generated the array of Global Positioning
Sys<-«-m Satellites (GPS). The most
important goal of GPS geodetic observations
is to reveal the rates of deformation
within the continents and across major
fault zones at plate boundaries by more
abundant observations on shorter baselines.
Taken in conjunction with in situ strain
measurements and geologic surveys, this
information is central to understanding the
structural evolution of the continents and
the processes determining the distribution
and timing of earthquakes. 11

Given its history of volcanic
eruptions and earthquakes, Mexico, for
example, instituted in 1910 a National
Seismological Network. The latter, which
is located mostly on the westcoast of
Mexico, is operated by the Institute
Geofisica at the National Autonomous
University of Mexico where data from the
network are automatically processed.
Today, the network has 35 seismic stations;
data from half of these stations are
transmitted through traditional telephone
lines, and data from the remaining stations
are transmitted through the MORELOS
satellite transponders. The total
complement of 60 stations for this network
is planned for completion in 1995. "

5*
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Upper atmosphere satellite

The need to gain a better
understanding of the Earth's environment
resulted in the development, design,
construction and subsequent launch in 1991
of the Upper Atmosphere Research Satellite
(UARS). The latter designed to continue
the studies of the atmosphere from space,
initiated by TIROS and NIMBUS satellites,
is focusing on improving the human
understanding of the coupled chemistry and
dynamics of the stratosphere and
mésosphère, the role of solar radiation in
these processes, and the susceptibility of
the upper atmosphere to long-term changes
in the concentrations and distributions
with altitude of key atmospheric
constituents, particularly ozone. "

World Environment Disaster Observation
System

What about a globally coordinated
satellite observation system that can
provide daily observations for coping with
fast transient environmental phenomena?
Such a concept has matured into an
initiative of the Society of Japanese
Aerospace Companies (SJAC) in collaboration
with the Government of Japan and other
space agencies around the world. The
proposal, .known as World Environment and
Disaster Observation System (WEDOS),
foresees a global, around-the-clock
monitoring of the Earth's environment and
the disasters that are occurring therein,
through a constellation of thirty-two
satellites consisting of 26 Earth Observing
Satellites over medium altitude sun
synchronous and Earth circular orbits, and
6 Data Relay Satellites at the
geostationary orbit. (Figure 2) " SJAC
hopes that WEDOS could eventually be an
effective and realistic disaster mitigating
space system.

SPACE TECHNOLOGY IN DISASTER MITIGATION -
CASE HISTORIES

From the above, it is apparent that
sensor systems on board Earth observation
satellites can be used to monitor the
dynamic evolution of thermal anomaly on the
Earth's surface and improve the accuracy of
such events as a volcanic eruption. The
SPOT satellite played such a role in
Colombia when on 15 June 1990, during an
overpass it observed that the snow on top
of the snow-covered Nevado Sabencaya
volcanic mountain was thawing. 14 A
second overpass showed that the thawing was
becoming more pronounced - a sign of
thermal activity within the mountain. The
operators of SPOT alerted the Colombian
authorities of the impending danger posed
by the mountain and the possibility of a
volcanic eruption - which actually occurred
on 14 July 1990.

The capacity of remote sensing
technology to provide quick survey and
real-time transmission of data also allows
the use of information from high resolution
satellite sensor systems for forecasting
and monitoring of natural disasters as well
as for mitigating their effects through
quick relief and accurate assessments of

losses. The efficiency of Landsat TM data
applications in this field was demonstrated
in China during the fight against the
Daxing'anling forest fire in May 1987; at
that time more than 1 million hectares of
forest area were burned down and direct
economic loss was in excess of US$130
million. Seven Landsat TM imageries, along
with more than 100 frames of METEOSAT data,
were processed and quickly submitted to
China's national fire fighting centre. How
to rapidly monitor the flooding that would
ensue once the forest covers have been
removed by fire also became a major
concern. Accordingly, a remote sensing
real-time flood monitoring system,
focussing on the middle and lower reaches
of the Yellow River, was successfully
experimented with in mid-1987. This
exercise was carried out using an airborne
multi-spectral scanner, a TV camera and
radar for real-time monitoring. The image
signals, combined with hydrplogical data,
were transmitted through microwave trunk
and communication satellite links to the
National Flood Fighting Centre in Beijing
and to the Yellow River Flood Fighting
Centre in Zhengzan. In this experiment,
Landsat TM data and aerial infrared
photographs were also used to establish a
flood forecasting database of the
experimental area. l* The experience
gained from this experiment was put into
practical use during the heavy floods which
inundated a significant part of China in
July 1991.

One of the most important factors in a
disaster mitigation programme is the
provision, in time, of adequate warning
information to all affected areas, and the
implementation of necessary action by all
the parties concerned. The dramatic
decrease in hurricane-related deaths
throughout the United States since 1990
(see Figure), despite tremendous increases
in the coastal populations, can be
attributed to improved forecast and warning
dissemination systems, as well as to
education programmes for the public, local
governmental officials and the media
concerning hazardous weather. (Figures 3(a)
and (b)) "

When such warnings are not provided,
the consequences can be disastrous. A case
in point was the weather-related lawsuit
(Honour Brown et al. vs. USA Government)
filed in the District Court >,t Boston in
1981 following a November 1980 storm-
related accident. 17 At that time, four
men had taken their boat on a fishing trip
in Hyannis Port, off Georgia Banks, off the
Atlantic coast line of Massachusetts.
Unknown to them, and albeit, also to the
National Weather Service was a major storm
that these men encountered on this fateful
day. The weather forecast for that day
predicted a less intense storm than the one
that was actually experienced. What
actually happened was that a low pressure
centre from the North Carolinas had merged
with another low pressure centre from the
mid-Atlantic. The weather models at that
time could not predict the rapid
intensification of the resulting storm in
an area of significant ocean ternal
gradient. Indeed, the centre of the
resulting storm tracked closer to the coast
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line than expected. The men perished in
the storm and their families sued the
United States Government for negligence of
duty. The plaintiffs' case noted that
"Given the justifications for the huge
amount of tax-payers' money that the USA
Government spends on meteorological
satellites and other weather related
ancillaries, it is the right of the general
public in the USA to be fully and
accurately informed on the status of
weather in the contiguous United States at
all times." The case, initially lost by
the Government, was won by the latter on
appeal on the grounds that weather
forecasting is a discretionary service.

The forecasting and warning
contributions of geostationary (GOES-E and
GOES-W) and polar orbiting (e.g. NOAA,
TIROS and NIMBUS series) satellites have
become indispensable for disaster
mitigation in the Americas and the
Caribbean. Forecasting and warning
information provided by these satellites
and conveyed through Jamaica's National
Meteorological Service in Kingston, and the
Regional Hurricane Centre in Miami, USA,
lessened significantly the disastrous
impact of Hurricane Gilbert when it struck
Jamaica on 12 September 1988. Gilbert's
damaging winds lasted longer and affected
much more of the island than previous
hurricanes in the last three decades.

FACTORS INFLUENCING EFFECTIVE USE OF SPACE
TECHNIQUES

In order to ensure an efficient
operation of a disaster mitigation
programme, it is not enough to have both
the ground and space segments in place;
there is also an array of factors,
including institutional arrangements, that
require ultimate attention. These factors
include: (a) the capability • of the
technology to meet the needs at the local
level and its availability at the time and
location of need; (b) affordability of
technology relative to the intended
application and other possible options that
might accomplish similar objectives;
(c) national and international regulations
that encourage or inhibit effective
applications of technologies;
(d) institutional relationships and
protocols required to facilitate optimal
use of technologies by all users;
(e) national and international political
issues that may have negative impact on the
acquisition and application of space-
related software and hardware; (f) the
requirement to include disaster management
experts in the process of planning for
technology development and application;
(g) the need to develop training programmes
in the application of existing technologies
and education programmes that could lead to
the development of indigenous capability
and frequent applications of technologies;
and (h) the need to undertake and support
research in the development of ground
systems and data management applications as
a" complement to development of space
hardware.

A number of these factors are
receiving needed attention in many

countries. For example, as part of its
efforts to meet its emergency needs and
prepare the nation for any possible
disaster, the Government of Barbados
conducts an annual exercise to test the
ability of its existing infrastructure to
cope with various types of emergencies that
may threaten the population, and in
particular on how such an infrastructure
will respond to a full hurricane alert. "
The responsibilities of the Barbados
Meteorological Office in this exercise is
the issuing of warnings to the Central
Emergency Relief Organization of an
impending hurricane, and the close
monitoring of any storm that may
development.

CONCLUSION

Today, space technology is
contributing to the lessening of the
environmental vulnerability of our planet
Earth and the daily attendant environmental
refugees. Humankind cannot prevent
earthquakes, some floods, hurricanes and
other identifiable natural hazards from
occurring, but humanity has the knowledge
and the capability, through the array of
current and future space programmes, to
limit and control the harmful impact of
these elements on its own survival.
Accordingly, it is an inherent obligation
of all the nations of the world to commit
themselves to strengthen human knowledge
and understanding of this technology within
their respective borders and to promote its
effective utilization to prevent and combat
natural disasters in all the corners of
this fragile planet called Earth. The
United Nations initiative to establish
Centres for Space Science and Technology
Education 19 in each region should be of
significant assistance in such an effort.
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ALTERNATIVE STRATEGIES FOR THE USE OF SATELLITE DATA ANALYSIS SYSTEMS FOR HAZARD
MONITORING AND DISASTER MITIGATION

Eric C. Barrett and Michael J. Beaumont

Remote Sensing Unit, University of Bristol, Bristol BS8 ISS, UK.

ABSTRACT

A Feasibility Study has been undertaken for the new
National Rivers Authority to identify and evaluate
comparatively the range of options for a satellite-based snow
monitoring operation in the UK, to improve near real-time
intelligence on snow area, type, depth and water
equivalence, dependent advisories on flood pptentional and
peaks of river water acidity, and the organisation of disaster
mitigation responses. This paper reviews the arguments and
conclusions arrived at through this Study, and compares
them with those encountered in Pakistan, a developing
country, for which a more broadly-based satellite
environmental monitoring system has been designed. The
parameters already involved in this case include rainfall and
vegetation productivity in addition to snow, and others
considered for future incorporation in the system include
temperatures at or near the ground, fires, and intense storms
(both mesoscale e.g. severe convective storms, and synoptic
scale e.g. tropical cyclones). Key factors identified as
affecting the choice of satellite system for such operational
uses in different types of countries are reviewed and
discussed. It is concluded that quite different satellite
environmental monitoring infrastructural strategies might be
necessary in countries in different stages of development.

Keywords: Satellites, Hazards, Disasters, Snow.

1. INTRODUCTION

A distinction can be drawn between hazards as conditions
capable of exerting adverse effects on human life, property
or activity, and disasters as serious damaging effects on
human life, property or activity which may result from the
impacts of hazards which have exceeded some critical level
or levels (Ref.l). Burton, Kates & White have suggested in
their classic work on "The Environment as Hazard" (Ref.2)
that about 60% of the worlds natural disasters are caused by
hurricanes (causing the greatest number of casualties) and
floods (the most frequent stimuli of disasters), but that a
wide range of other environmental phenomena may also
pose hazards and, occasionally at least, also prompt
disasters. Thus, hazards and disasters are not only different
in themselves, but are also both varied in kind. Not
surprisingly there are various types of observations which
might be used to monitor and/or evaluate hazards and
disasters.

In the case of hazards, frequent, even continuous monitoring
may be required to identify those areas and times when
certain circumstances "go critical". Satellites are being
increasingly used for such purposes. On the other hand,
disasters - because they tend to be more localised in space

and/or tune - often require more highly focuised
observations, either from satellite systems with relatively
high spatial resolving powers and/or relatively high temporal
monitoring frequencies, or from airborne systems which can
be dispatched quickly to the localities which are moil
affected. These differences are ensuring that, in the
planning and development of improved environmental
monitoring systems, satellites and aircraft are clearly
synergistic, but increasingly satellites are becoming the
primtry partners, at least so far as broad-area
reconnaissance-type activities are concerned.

F many years the Remote Sensing Unit of the University
o. Bristol has had a special interest in the potential use of
satellites for improved hazard monitoring and disaster
mitigation. Practical expressions of this interest are
exemplified by its study for the European Space Agency
entitled "Hazard Monitoring and Disaster Assessment by
Meteosat in the Mediterranean Region" (Ref.3), and by the
Training Course organised by the RSU for The Council of
Europe, in conjunction with the Foundation for International
Studies, Valletta, Malta in 1989 under the title "Remote
Sensing for Hazard Monitoring and Disaster Assessment:
Marine and Coastal Applications in the Mediterranean
Region" (Réf.4). Through these and other related activities
our attention has been drawn to considerable differences
between the needs for, and practicalities of, installing
satellite-assisted systems for hazard monitoring and disaster
mitigation in countries at different stages of economic
development. These differences are exemplified arid
discussed in the present Paper, in relation to recent RSU
work in Pakistan and the United Kingdom. The first-named
programme involved several environmental parameters, the
second only one. The two are described below, followed by
a discussion of significant points arising from these studies.

2. SATELLITE DATA ANALYSES FOR HAZARD
MONITORING & DISASTER MITIGATION IN

PAKISTAN

2.1 Perspectives

Pakistan is a densely-populated country of south-west Alia,
characterised by great physical and environmental
variationi. In it, relief range* from the flat, low-lying Indus
plain in the south and east, through the nigged dry plateau of
Baluchistan, up to the high, nigged mountain rangea of the
Karakoram and Himalaya-Pakistan containing several of the
highest mountain peaks in the world, including K2 at 8611
metres. Pakistan is also very varied in terms of its climate,
ecology, and related environmental conditions. For
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example, rainfall ii highly variable both spatially and
temporally, ranging from below 50 mm y"1 in the south-west
to more than 2000 mm y'1 in the north. Mean annual
température! are extremely low over the high mountain
ranges, but very high for moit of the year in the south. The
water resources of Pakistan are dominated by the River
Indus, which flows through the country from north to south,
being fed more by snow melt than by rainfall. This river
system is a vital source of water for irrigation, particularly in
the southern half of the country, where rainfall for
agriculture becomes increasingly low and erratic.

It is clear from the above that Pakistan is subject to many
natural hazards. Principal amongst these are drought, crop
failure, snows, and avalanches. However, other
environmental conditions also threaten human life, activity,
and property. These include tropical cyclones from the
Arabian Sea, monsoon-rain induced flash floods, fire, frost,
and a variety of insect pests including locusts and the
cottonball worm. In the mid-1980s the Pakistan Space and
Upper Atmosphere Research Commission (SUPARCO)
began to implement a comprehensive programme for the use
of satellite remote sensing data for both Earth resource and
environmental studies. These have been described by Alizai
& Mirza (Ref.S), and by Mehmud (Ref.6). Based on the
installation of ground receiving stations for Landsat MSS
and TM, SPOT HRV, and NOAA AVHRR-HRPT data,
hardware and software systems are being developed to
provide end-users of both mapping and monitoring data with
information in real, or near-real time. As far as hazard
monitoring and disaster mitigation are concerned, the most
important developments have taken place in relation to the
NOAA AVHRR-HRPT reception facility near Islamabad, in
conjunction with which the RSU has been working with
SUPARCO to develop and install a hardware/software
system to facilitate the routine generation of a range of
HRPT-based products, as described and explained below.

2.2 SAPPHIRE

Under the terms of a Memorandum ol Understanding
between SUPARCO and the RSU drawn up in 1988, a
programme of work has been established under the code-
name "SAPPHIRE" ("SUPARCO/BRSU Applications
Package for Pakistan based on HRPT Imagery and Related
Experiments"). Table 1 gives details of the hardware
configuration chosen for SAPPHIRE.

Table 1. SAPPHIRE

Hardware Configuration

MicroVAX II GPX Workstation
MicroVAX II Host 16 Mb memory
2 x 450Mb disks
Dual density tape drive
Tektronics colour plotter
Dot matrix printer

VT320 terminals

It will be seen that this is based on a MicroVAX II Work
Station, selected because of the familiarity within SUPARCO
with VAX computers and the VMS operating system, plus
the good level of support provided for these systems in
Pakistan. For present purposes eight-bit colour display,
capable of displaying 256 colours, is adequate: no special-
purpose image processing hardware was required. The
MicroVAX GPX colour display offers display resolution of
1024 by 864 pixels, and a selection of 256 colours from a
palette of 16.7 million. A VLSI graphics processor off loads
graphic tasks from the CPU, increasing processing
throughput. Other details of the hardware are shown in
Table 1.

The map projection adopted for both the NOAA imagery
and its collateral data sets is the Lambert Conical
Orthomorphic projection, with standard parallels at 28.83"
and 23.16'N, and a prime longitude at 74.O0E. This is the
standard map projection used in Pakistan. The area chosen
for analysis and output products is between 60 to 8O0E, and
23 to 340N. Given a 1.1 km spatial sampling at the standard
parallels, where the scale of the projection is 1.0, this 20 by
15" area becomes a pixel array of 1768 by 1500 pixels.
Since images of this size cannot be fitted into the GPX
display area, it has been necessary to sub-sample the
imagery by a factor of 2 to display the who's area of
interest, or to select a smaller extract area for full-resolution
display. Display software has been written to perform both
these tasks, to retain scale and location information, and to
allow correct overlay and registration of collateral data, no
matter which extract area may be chosen. The collateral
data built into the system involves an improved digital
terrain model for Pakistan, partly digitized in SUPARCO,
and partly digitized in RSU, where the integration of the
whole DTM has been undertaken. It also includes
geographic information, e.g. national boundaries, river
systems, major towns and cities etc. etc. This collateral data
set can be added to as and when required by the users.

The HRPT image processing software has been written in
FORTRAN 77, using a small number of VAX VMS
extensions. All graphical output has been implemented via a
single graphic sub-routine driver, designed to minimise the
effort of porting the software to other hardware
configurations if required. Processing of the data and
production of the products is undertaken daily, with
aggregates over 10-day periods ("decads"), and months.
Details of the different types of products for which provision
has already been made are given in Table 2.

Table 2: SAPPHIRE (Stage I) Products

Period No. & type of Inputs Outputs

4 slots HRPT-IR

Daily 14 slot HRPT-
Channels

1 slot HRPT-VIS

10 daily cloud
cover images plus
climate data

Decadal 10 daily NDVI
images

10 daily snow
cover assessments

3 x 10 daily

rainfall estimates
Monthly plus meteorological

data

3 x 10 daily NDVI
composites

Cloud cover
classifications

Normalized Difference
Vegetation Indices
whew cloud free

Snow cover
assessments where
cloud free

Rainfall estimates

NDVI composites

Snow cover
composites

Adjusted rainfall

estimates

Monthly maximum
NDVI composites

It will be seen from Table 2 that four types of products are
covered by the Stage I SAPPHIRE package, namely:
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For the future, it is hoped that it will be poiiible to expand
SAPPHIRE to cover further typei of hazards, including
severe storms (whether synoptic, e.g. tropical and associated
disasters cyclones, or local convective storms) fire, frosts,
and conditions conducive to the development of upsurges of
selected insect pests, through additional algorithms and
related software.

3. SATELLITE DATA ANALYSES FOR HAZARD
MONITORING & MITIGATION IN THE UNITED
KINGDOM, WITH SPECIAL REFERENCE TO SNOW

3.1 Perspectives

Although the climate of the British Isles is relatively mild for
the latitudinal zone in which it is found, snow is not an
infrequent phenomenon in the UK1 the climatological
average number of days with snow lying on the ground at
0900 GMT ranging from only about 1.5 in the south-west
peninsula to about 6.0 in the London area, about 25 in the
central Pennines, and about 55 in the Grampian Region of
Scotland. However, even in those areas in which snow is
relatively infrequent it can pose significant problems
especially for the transport and communications industries;
increasingly as one moves northwards across the United
Kingdom it poses a not infrequent threat to human activity
and property through its influence on river levels when
melting. Snow melt has been responsible, wholly or in part,
for many of the worst floods in the United Kingdom in
recent years.

Conventional snow monitoring in the UK is co-ordinated by
the Meteorological Office, and relies on a voluntary network
of ipproximately 160 stations. At these the observer records
eacn day whether snow or sleet ;s falling at the station at
anytime, plus the depth of fresh snow and total depth of
snow at 0900 GMT, together with an approximation of the
snowline altitude on surrounding hills, to the nearest 150 m.
Snow recorded as lying at station level or in the hills implies
at least 50% cover on the ground. Water equivalent
measurements are only recorded at a few selected stations.
These observations are forwarded to the Meteorological
Office at the end of each month from October through May,
and the resulting data compilations are published annually by
the Meteorological Office in its "Snow Survey of Great
Britain". Clearly this system cannot to provide either a
comprehensive view of this spatially often very
discontinuous phenomenon, or the type of information which
the relevant authorities wouid most like, particularly the
volume of water temporally frozen within the snow pack.
Since the mid-1980s the Remote Sensing Unit has been
interested in the possibility of using satellite data to improve
snow monitoring over the UK, and has been engaged in
substantial research programmes funded initially by the UK
Department of the Environment (Water Directorate), and
more recently by the new National Rivers Authority. This
work has been principally based upon data from polar
orbiting satellites of the NOAA and DMSP (US Defense
Meteorological Satellite Program) satellite families, partly
because these have provided better spatial resolution data
than the Meteosat geostationary family, and partly because
the spectral bands investigated by NOAA. and DMSP have
also been more appropriate than those available with
Meteosat.

3.2 BRISCA

In the early stages of the RSU snow work program, attention
was directed entirely toward! the development of a
visible/infrared multispectral technique, code-named
"BRISCA" (Bristol Ice and Snow Cover Algorithm), a
method which has been described in detail elsewhere by
Harrison & Lucas (Ref.9), and Lucas & Harrison (Réf. 10).
Whilst this technique originally provided full pixel-resolution
products of snow area, snow type (e.g. stable or melting),
and day to day changes in these parameters, improved
methodology have been developed by Bailey et al. (Réf. 11)

to provide snow depth maps also, and, through combinations
with collateral data organised within a purpose-built
Geographic Information System (GIS), to sustain reasonable
conclusions concerning snow cover characteristics even
under thick or persistent cloud which cannot be penetrated
by visible/infrared radiation and to make possible convenient
and accurate information on a basin-by-basin base (e.g. as
inputs to basin hydrological models). Finally, increasing
attention is now being paid to the possibility that passive
microwave image data, currently that from the Special
Sensor Microwave Imager (SSM/I) on DMSP spacecraft
might be of additional use both through the provision of
snow cover information and conditions of persistent cloud,
and through the possible provision of all-important snow
water equivalent data, albeit at spatial resolutions
significantly less than those of the HRPT products. Figures
2 & 3 illustrate these types of products.

Now that the science of snow monitoring from satellites has
so advanced, the interest of operational monitoring bodies
like the National Rivers Authority is turning to the possibility
that advanced satellite snow monitoring techniques might be
implemented operationally, not least to monitor snow pack
characteristics and associated snow melt hazards so as to
provide advisories of possible related disaster).
Consequently, the RSU has recently concluded a Feasibility
Study for the NRA providing "Scenarios for the Operational
Implementation of Remote Sensing of Snow by Satellites"
(Réf. 12) for the NRA. In this study, attention was paid to
two primary alternatives, namely that HRPT data might be
received for the snow monitoring purposes either via a data
line connected to an existing facility elsewhere, or direct
from the NOAA satellite by a specially-constructed receiving
station. In the latter case, which appears to be the preferred
scenario at least for the mid-term future, the following
requirements where identified:

1. Antenna. This might be either a horn antenna or a dish,
the former being intrinsically more efficient, but more
restricted in terms of the area over which the data could be
obtained.

2. Antenna Controller. The movements of an antenna or
horn may be controlled by a PC containing some satellite
track prediction software. Either IBM or IBM-compatible
286 or 386 models are adequate for this purpose.

3. Data Receiver. Two different models are available from
UK suppliers, one from Dundee Satellite Systems (DSS), the
other from Bradford University Research Ltd. (BURL),
these linking the antenna to the INGEST computers.

4. INGEST Computer. A standard IBM or IBM-compatible
computer of the 286/386/486 ranges may be used for
satellite data processing, including a math coprocessor to
support the algorithm software. Generally speaking as much
disk space as can be afforded should be obtained, for the
NOAA imagery are very consumptive of disk space, and
increased disk space eases the data transfer and archive
loads. The amount of storage to contain a single swath of
data over England and Wales alone is nearly 16 mbytes.

5. Data Processor. Whilst it is possible to use the INGEST
computer to further process the data, and ultimately produce
the desired applications products, a better solution is to use
an entirely separate data processing machine linked to the
INGEST computer via a network line. This second machine
could be any machine of suitable power, e.g. the 8 bit
colour, 16 mbyte SUN SPARC Workstations currently
deployed by the RSU.

Clearly, if data were to be obtained from some other
(existing) source, the costs of operationally implementing «
snow monitoring scheme over the UK, or parts of it, would
still pvinclude the cost* of purchasing and analysing the
appropriate data, and disseminating the snow cover and
water equivalent products as required. In this case ball-park
capital costs are in the region of £50 K, whilst associated
revenue costs per annum are of the order of £25

V V
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Figure 1. The SAPPHIRE system.

1. Cloud cover maps, based on cloud top temperatures.

2. Rainfall estimates, based on the PERMIT technique
(Rcf.7). This is an infrared cold-cloud thresholding
technique, which sums the number of rain cloud iloU in a
selected period, and converts these into estimâtes of rainfall
using climate background fields (mean rainfall per rain day
derived from climate records), weighted where possible by
meteorological station reports.

3. Vegetation Index maps, using a normalized difference
vegetation index obtained by dividing the difference of the
HRPT near-infrared band and visible band data by the sum
of these two bands, as oringinally proposed by Tucker
(Réf. 8).

4. Snow cover maps, in this case based upon simple
brightness thresholding of HRPT visible imagery. However,

an interactive clement is included in this case, not only to
ensure that areas with cloud contamination can be eliminated
from the analysis, but also to ensure that an operator
regularly views the HRPT images, in case problems exist
with the imagery which might adversely affect this and the
other products described above.

Figure 1 gives further details of the algorithms, and the
products and by-products which arc moil directly derived
from them. It gives in the case of each group of products
the areas of application in which they are expected to be of
most use, and also summarizes the types and formats in
which the products arc made available, including pixel
maps, product square maps etc. Figure I further indicates
that, when fully operational, SAPPHjRE will issue products
through a number of outlets, including Government
Departments, Newspapers and Television, plus a network of
environmental monitoring agencies which may have interests
in all the product types, or one, two or three of them only.
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Figure 2. Original NOAA AVHRR-HRPT visible imagery for 15 January 1991 (left), and the same imagery remapped to the

British National Grid, with coastline added (right).

Figure 3. BRlSCA products from HRPT muUispeclral imagery 15 January 1991, showing 'partial' snow cover (light) and 'fall'
snow cover (dark) (left hand map), and 5 categories of snow depth from 'very shallow' (<5cm, lightest) to 'very deep' (>20 cm,

darkest) (right hand map).
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K. On the other hand, where the NRA to purchase and
initall iti own receiving station, and all attociated data
processing equipment, the equivalent coïts have been
estimated at about £80 K and £25 K respectively. At present
the jury on these and other, less likely, possibilities is out.
However, if processes evident in other developed countries
are to be replicated in the United Kingdom, it seems likely
that, in due course, a purpose-built facility will be installed
for these purposes.

4. SATELLITE DATA ANALYSIS STRATEGIES IN
DEVELOPING AND DEVELOPED COUNTRIES

Reflecting upon the two examples detailed above, it is
interesting to draw the following conclusions:

1. Whereas within the Pakistan context the Government
organisation SUPARCO is the only one able to seriously
contemplate operational environmental satellite systems for
hazard monitoring and disaster assessment in the UK there
arc several, including the Meteorological Office, the UK
Earth Observation Data Centre (EODC), the National Rivers
Authority, and various commercial or quasi-commercial
organisations, of which the RSU might be thought to be one.

2. The above fact does not reflect a greater need for hazard
monitoring and disaster mitigation in the UK as compared
with Pakistan, for in the latter case the need is much greater
on account of the more extreme variable environmental
conditions and the relative paucity of environmental
monitoring on the ground, but rather the different
infrastructural and economic circumstances prevailing in
these two different types of countries. In the case of
developing countries, special provisions are often necessary
locally to ensure not only that there are well qualified staff
available, but also that 'high tech' equipment may be
adequately housed, and supplied by a dependable power
supply. Financially such special provisions often require
monetary resources which are relatively rare; practically
they may prove impossible.

3. As a consequence of the above, distributed satellite data
reception and analysis facilities are becoming common in
developed countries, whilst centralized facilities are more
common in developing countries. In this regard, it may be
suggested that the growth of a relatively large number of
monitoring and analysis facilities in any one country
represent a luxury which brings some benefits in terms of
both status and control over operations and products, but
which represents a less satisfactory use of global financial
resources than in the case of a centralized system.

4. Even in those circumstances in which distributed, and
relatively dedicated, systems might be possible, it seems
wise to try to identify multiply uses for the data and the data
analysis systems. For example, in the case of the NRA
possibility, it has been suggested that the same system which
may be used for snow monitoring purposes in the winter
season could be used profitably for monitoring
evapotranspiration and soil moisture deficits during the
summer season. Whilst this is still a much less
comprehensive system than the type exemplified by
SAPPHIRE, it could provide a better benefit/cost return on
the investment in manpower and capital than might be
provided by attention to one group of parameters alone.

5. For the future, it might be predicted that, as more and
more types of satellite data, and related algorithms, become
available for potential operational implementation, not least
in respect of monitoring hazards and mitigating disasters, the
maintenance of centralized facilities may become IMS
appropriate even in less developing countries. Since the
future is likely to involve an increasing range of satellite data
for such purposes, increasing numbers of data reception and
processing centres may be necessary for maximum benefits
in all types of countries.

6. Considering that the first environmental satellites were

orbited less than two generations ago, already very
significant progress has been made during this period
towards making the world a safer place for human life and
activity, and accelerated progress in these directions can be
expected in the future. However, for this to be achieved
intensified collaboration is required between satellite
engineers and scientists on the one hand, and environmental
managers, planners and politicians on the other.
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SATELLITE BORNE REMOTE SENSING DATA

A TOOL FOK NATURAL DISASTER REDUCTION

F. Jaskolla & U. Lohr
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Abstract

The recently available BRS-I data offers
for the first time the opening-up of new
fields of application due to their unique
capability to provide information indepen-
dent of weather or illumination condi-
tions. Although we are aware of the fact
that ERS-I is not an operational system
providing environmental data, it can be
demonstrated, that the phenomena to be
measurable by ERS-I can be designated as
of utmost significance for the task in
minds. In particular, the relatively sim-
ple detectability of flooded areas or the
differentiability of areas affected by
volcanic eruptions underline the generally
high potential of this type of da'ta.

VV '1

for the protection of threatened areas ••
for direct rescue activities after cata-
strophes .

Basic Considerations

Additionally to a general rescue obliga-
tion, two major reasons can be quoated as
important for the fulfilling of the
outstanding task:

* the support of the U.N. activity IDNDR
(International Decade of Natural Disa-
ster Reduction), is the declared inten-
tion of the German government;

* the successful operation of ERS-I offers
for the first time the possibility to
use data independent of weather and il-
lumination conditions.

Introduction

During the last 3 decades, a dramatic in-
crease of the consequences of natural di-
sasters has to stated which caused not
only extensive economic impacts but also
inconceivable human harms.

In particular, storms have been recognized
being responsible for increased damages.
The storms in late winter 1990, for exam-
ple, culminated in economic losses of more
than 10 billions USS !

Concerning the growing threat of human
life, it was recognized, that as well the
growing population especially in develo-
ping countries as the improved living con-
ditions in developed countries culminate
in an increasing preasure on endagered
areas.

With respect to these facts, it is obvious
that intensified measures must be taken as
well

Requirement»

With respect to the intentions of IDNDR,
the following major tasks can be defined:

* disaster mitigation,
* disaster preparedness and
* disaster prevention.

It is obvious that, in general, remote
sensing data can support all of these
tasks, however with different importance.
Especially disaster prevention requires
activities on the spot like special con-
struction techniques.

(litigation and preparedness activités seem
to be designated tasks for a successful
integration of remotely sensed data be-
cause they enable

* the extensive collection of basic infor-
mations to support the generation of ac-
tual planning basis and

* the establishment of near-real time in-
formation systems which serves directly
rescue measurements.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held m Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992)
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In this context, the missing availability
of appropriate basic informations very of-
ten hinders extremely a successful elabo-
ration of the tasks.

Untill now, spaceborne remote sensing data
have been integrated very fruitful to va-
rious development cooperations and suppor-
ted impressively planning activities.
However, it also must be stated that the
integration possibilities of those data
until now are limited due to the fact that
their availability is depending on weather
conditions.
How for the first, the european remote
sensing satellite ERS-I offers the possi-
biltiy to overcome this restriction on a
pre-operational basis by operating in the
microwave portion of the electromagnetic
spectrum and, in particular, by providing
synthetic aperture radar - SAR - ima-
geries.
In addition to the weather and illumina-
tion independent data acquisition ERS-I
SAR data are also well-suited to provide
additional informations which are comple-
mentary to data of the "optical" domain.
They allow the characterization of surfa-
ces with respect to their physical proper-
ties as e.g. surface roughness and dielec-
tric conditions.

Summarizing, the following major require-
ments towards an suitable observation sy-
stem can be defined:

* relevant phenomena must be detectable

* capability of all-weather and day/night
observation must be given

* acquired data must be provided very fast

* a suitable data interpretation facility
must be available

Neglecting the fact that ERS-I is not an
operational but scientific-experiementell
earth observation system, it is obvious
that, in general, only SAK data as they
are provided by ERS-I can fulfill these
requirements.

Natural Disasters -
Phenomena and Consequences

Due to different phenomena which can occur
in the case of the different natural disa-
sters, a fast information system must be
capable to detect and valuate various
damages.

Generally, the different natural disasters
can cause similiar phenomena (e.g. land-
slides which can be produced by earthqua-
kes, floods or volcanic eruptions); the
following reflections therefore cover
those effects which are the most typical
for the disaster in mind.
In particular, the detectability of the
following phenomena has to be analyzed:

* earthquakes: the most striking conse-
quence of earthquakes is the destruction
of single buidings or even whole vil-
lages; it is assumed that these destruc-

tions cause specific changes in the
backscattered radar signals which seem
to be detectable by ERS-I data; on the
basis of the present understanding, it
will be therefore necessary to in-
vestigate especially the speckle and its
changes ;

* flooding; the major effect - flooding of
low-leveled areas - can be caused by as
well heavy rain falls in the backland as
big tidal waves; due to the present
knowledge on the backscattering, no si-
gnificant problems are expected to se-
parate flooded and non-affected areas.

* storms: main resulting phenomena of
storms are similiar to earthquakes
(destruction of buildings) and flooding;

* volcanic eruptions; as a direct pheno-
mena, enormous ash or mud avalanches can
be expected as they occured during the
eruption of the Ht St. Helen (U.S.A.,
1980) or Mt. Finatobo (Philippines,
1991); on the basis of the assumption
that those avalanches have a fundamental
different surface roughness to the sur-
rounding areas, a delineation of affec-
ted areas should be possible. The same
situation is given for the delineation
of areas affected by ash falls.

Assessment of the
Capabilities of ERS-I

Although the availablity of suitable ERS-I
data has been very poor untill new, the
presented early examples have already de-
monstrated their high potential.

There are mainly two examples which enab-
les this positive statement:

* the very early example from the western
coast of England (ERS-I multitemporal
SAR data from the Horecambe Bay north of
Blackpool) proofs that SAR data are ca-
pable to detect flooded areas - in this
case by the presentation of the maximal
changes within a tidal cycle;

* the example from Lanzarote Island /
Spain also documents the sensitivity of
the C-band SAR with regard to roughness
variations; easily, older lava flows can
be distinguished from the surrounding
areas; it is expectable that similar ef-
fects appearing in the framework of ac-
tive volcanoes disasters (lava flows,
ash falls) can be detected.

Ongoing investigations in our company are
verifying these early results and, in ad-
dition, aim towards the demonstration at
which extent consequences of earth quakes
are detectable by ERS-I data.

v \
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Natural Disaster.Workstation

A Tool for a Fast Provision
of Information

Beside the general suitability of the
available data for the task in mind, the
fast provision of the elaborated results
is a major requirement.

With respect to the fact that rescue
measures must be initiated as soon as pos-
sible, it is indespensable to provide in-
formation of affected areas also as soon
as possible.

The general philosophy for the managing of
this task is shown by fig. 1.

* as soon as the satellite can observe an
aera affected by a natural disaster,
data is acquired and transmitted to a
ground receiving station.
In this context, it is obvious that ERS-
1 can not be characterized as an opera-
tional system due to the too long repi-
tion cycle especially in the mapping
mode. Looking to the near future, howe-
ver, it can be expected that more than
one radar satellite will be simulta-
neously under operation (presently J-ERS
got into operation, ERS-2 will be avai-
lable in 1994, Radarsat in 1995) which
than will reduce the revisit time signi-
ficantly.

* mainly with respect to ice observations,
ESA has implemented the so-called Fast
Delivery Products (FDP) which are made
available by the ground receiving stati-
ons not later than 3 hours after data
acquisition.
These FDP, however, are characterized by
a reduced ground resolution of 100 x 100
m». It must be investigated if this pi-
xel size is sufficient for the tasks in
mind.

* the processing of this data with the
goal to elaborate affected areas will be
realized by experts using the natural
disaster workstation.
This workstation will contain a suitable
hardware for a fast processing of the
data and a software package suited for
the task in mind.
Special emphasize has to be put on the
availability of suitable auxiliary in-
formations which allow the precise de-
tection of affected areas. Those auxili-
ary informations may be either existing
digitized topographic maps or historic
satellite data.
The elaborated results (satellite image
maps) shall be distributed to responsi-
ble rescue organisations not later than
13 hours after acquisition of the remote
sensing data.

Conclusion

The characterisitics of the presently
available SAR data from ERS-I offer excel-
lent capabilities to support the important
tasks of natural disaster reduction.

Heather independent acquisition of rele-
vant phenomena enables the generation of
informations on affected areas after natu-
ral disasters.

On the other hand, it is obvious that only
ERS-I can not fulfill the basic require-
ment of operationally in particular with
respect to repetition rate. Considering
however the developments in the near fu-
ture with J-ERS, ERS-2 and Radarsat, a si-
gnificant improvement in data availability
can berecognized which justifies the acti-
vities of generating the basis of the na-
tural disaster workstation already now.

Unfortunately, severe natural disasters
like the Anatolia earthquake or the erup-
tion of the Ht. Atna have caused again in-
conceivable human harms and extensive eco-
nomic impacts very recently. The ERS-I
data which have been or will be acquired
over the affected areas shall be used to
continue and enhance our activities of the
definition of the Natural Disaster Work-
station.

1
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Fig. 1: General Philosophy on a Fast Integration of Spaceborne Remote Sensing
Data to the Task of Natural Disaster Mitigation

On the basis of ERS-I Fast Delivery Products and a carefully defined
Natural Disaster Workstation relevant informations shall be delivered
to engaged rescue organizations not later than 12 h after data acqui-
sition
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APPLICATION OF MOLTITEMPORAL LANDSAT-MSS AND -TM DATA FOR THE
DEVELOPMENT OF AN INUNDATION-RISK-MAP

H. Mehl (1) & K. Killer (2)

1. Working Group Remote Sensing, Institute for General and Applied
Geology, Ludwig-Maxiroilians-University, Munich

2. German Aerospace Research Establishment (DLR),
D-8031 Oberpfaffenhofen

Abstract

Investigations have been carried out in the
northwest of the Province Buenos Aires to
assess temporal and spatial surface changes
of inundated areas with Landsat data
(MSS1TM). For preparation of an inundation
risk map, different approaches involving
both simple image processing techniques and
more sophisticated IHS processing
procedures were analysed. The use of ratios
gave suitable results for the extraction of
water masks and their transformation into a
map meeting cartographical standards.
However, the procedure leeding to the final
map is very cost intensive. Therefore, a
different multitemporal IHS-approach was
realized. Based on the multitemporal
response of the principle components and
the suitable use of an iHS-transformation a
new concept for the derivation of a
computerbased multitemporal product
similar to a conventional risk map is
demonstrated.

Keywords: Risk Map, change detection,
multitemporal analysis, IHS-method

2. Test Area

The area of interest covers about 1600 km
and is located between long. 60°641W and
60°24'W, and lat. 45°82'S and 46°24'S with
the city of Pehuajo in the centre (fia. 1).

Figure 1. Test area

VlV* •

1

1. Introduction

The fertility of extended areas of the
Argentine pampa representing good
agricultural and cattle-raising conditions
is influenced by sequences of
climatological changes altering the
environmental conditions severely. The main
problem aside from salinisation is the
presence of surface water frequently
covering huge regions. In the early 70"s
such a flood situation developed with the
recommence of a humid period. Since 1986
this climatological anomaly took on
dimensions never recorded before. As a
result of immense quantities of rainfalls
'and the subsequent rise of the ground-water
to ground level and above, the productive
agricultural landscape changed into an area
of ecological crisis with the emergence of
large lagoons and bordering marshland
areas. In addition the use of the remaining
farm land was restricted by the affected
infrastructure of the area, e.g. flooded
roads and railways. These problems acquire
a particular importance because the area
under study is populated and offers a great
agricultural and livestock development.

The area is an extremely depressed flat
region. Its altitude above sea level ranges
from 70 to 110. m and its overall slope
(eastwards) is 0.01 percent (KRUSE, 1985).
The arua as a whole comprises the climatic
regions of the dry and humid Pampa, with
the transitional zone delimited by isohyets
or 700-800 mm to the East and 500-600 mm to
the West (KREPPER et al., 1990). A positive
linear precipitation trend (around 2.6
mm/y) is noticeable for the present
century, although, the behaviour of the
precipitation doesn't present a simple
linear increase but is characterized by the
recommence of fluctuations between more
arid and more humid years in the general
tendency (fig. 2). The annual mean
temperature is IS0C. The dominating soils
are Mollisols and their suborders Udells
and Ustolls developed on loess-type
sediments. The geomorphic features include
WNW-ESE striking paleo-dunes of 0.5m to Im
height as well as throughs. The water level
of the upper ground water body is within
these quaternary loess developed dunes
between 3 and 5 m below the surface by

Proceedings of the Central Symposium of the 'International Space Vear'Conference, Held in Munich, Germany. 30 March -4 April 7992
(ESA SP-341. July 1992)
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Mean anual precipitation of Pehuajo

Recorded Years (1901 -1990)

Figure 2: Mean annual precipitation rate

constant climatological contitions.
However, within the last 10 years it has
risen up to surface and is now inundating
large areas. Since this plain developed
over a thick sedimentary cover, it is
difficult to study the tectonic features on
the surface. Yet, according to INTROCASSO &
GERSTER (1985) a subsidence in the Salado
and Laboulaye valley is detectable which
affects probably the almost non existing
drainage pattern and has to be investigated
in more detail.
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Figure 3. Applied satellite data sets

5. Results

It's obvious that all spectral and temporal
informations received from the available
Landsat data sets can neither be simply
transfered into one single RGB-image
product nor in a thematic map. Therefore
different processing steps are required,
which are discussed below.

5.1 Preparation of an inundation risk map

The approach taken to model a risk map is
shown in figure 4. The reduction of the
number of TH- and MSS-channels of each
scene was done because of the high number
of different integrated Landsat scenes
necessarry for a multitemporal approach.

1

3. Methodology

The study is focusing on the methodical
processing and interpretation of digital
Landsat data. The main task is based on the
conception and development of remote
sensing techniques for the study of
multitemporal data. By the help of such
methods a thematically relevant test area
of flood endangered terrain should be
traced in its development in time and space
and finally implemented in a thematic map.
Additionally multitemporal enhancement
techniques were analysed with respect to
their potential to derive specific
informations applied to the problem.

4. Data

The representative test area is covered by
several Landsat MSS and TM scenes (fig. 3)
which all were included in the
multitemporal approaches. Digital data in
the form of CCT1 s were used for digital
analysis on ERDAS. Topographical maps at
1:100.000 and 1:50.000 scales were used for
locating ground checks and identifying
sample areas for corresponding digital
analysis. Ground reference data, such as
ground water level, drainage, slope,
sediment composition, humidity of the soils
and the swampy areas, etc., were collected
in November 1989 and 1990. In addition to
this, information on land cover and
phonological stage were also recorded for
each sample area.

Selection of Input Band* of Landeal-MSS/TM Data
on the But* of MuHilempoi al tnd Thematic ftoqulremanla

Input
MSS-BMidi 4 «id 7 from 1873/71/10/11
TM-Banda 2 and 5 from 1 «««/I7/M/I9

Image to Image Rogklratlon

Haze Correction ot thi Input Bind*

r
I

Singh Ben*- and Ratio Anafyaia I
Conlfaat-EnhancMnenl oS Uw Flooded Area*

Output
Photowrlttrl
Hardcopy

Thtmatlc Map!

Figure 4. Image analysis flow
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Therefore the spectral component of each
channel is less important. The basic need
of such a multitemporal approach is
analysis of each temporal data set that
permits accurate classification of all
cover types of interest and the
identification of changes of these cover
types within a certain time frame. Reducing
the number of channels saves processing and
operator costs involved in the geometric
and radiometric correction of the data.
This can be an important point when the
results of a pilot project have to be later
transformed to an enlarged area.
Preprocessing involved the computation of
radiance values for each data set and a
normalization of the solar elevation
effects present in the multitemporal images
(KAUFMAN & FRASER, 1984). Concerning
spaceborn remote sensing data, the
atmospheric scattering in the visible can
be considered approximatively as a constant
additive factor to the reflected signal
over the entire image (JASKOLLA & HENKEL,
1989}. These constants have been determined
seperately for the different affected bands
by the use of scattergrams showing the off-
set of the affected bands versus the near
infrared band. All Landsat-MSS data were
resampled to Landsat-TM pixel size by the
nearest neighbour method and furthermore
geocoded to a topographical map of
1:100.000. In the next step a water mask
was created by image enhancement techniques
from each available aquisition date. In
this context, it can be stated that
multispectral informations concerning the
extension of flooded areas can be suitable
accessed and extracted by using black-and-
white images of band ratios 5/1 (TM) and
7/4 (MSS). Single band enhancement
techniques don't produce satisfactory
results to clearly separate water from non-
water areas. Anorganic- and organic
suspended water as well as swampy areas or
water surfaces covered by algae carpets
show the same or a similar reflectance
behaviour than natural grassland or freshly
ploughed fields. In a further step all the
extracted water masks had to be
generalisized in relation to the required
scale of 1:100.000. Finally, all inundation
stages were merged into a risk map and
supplemented by topographical data.

5.2 Development of a multitemporal
image product

5.2.1 Processing concept

Multitemporal processing concepts signify
firstly the development of reducing and
compressing procedures without loss of
essential information and secondly generate
a presentation possibility. A RGB-Colour
Composite is arguably the most effective
way of the visual presentation of
multichannel imagery (DEUTSCH, 1976, EYTON,
1983). If, however, there are more than
three channels of temporal data involved,
it is evident that problems will arise. The
use of multiple ratios instead of single
bands seems to be an alternative. But in
most the resulting composite displays
informations which can't be interpreted
because of their complexity. Alternatively,
the technique of principle components
analysis (PCA) provides a systematic means

of reducing the dimensionality of
multitemporal image data (e.g. RICHARDS,
1984, YAMAGATA & AKIYAMA, 1988). Finally it
has to be stated that the application of a
color coordinate system described as
Intensity, Hue and Saturation (IHS) which
is very common in the field of
multispectral image processing (HAYDN et
al., 1982) is also useful for multitemporal
approaches (MEHL & HILLER, 1991).

5.2.2 Principal component analysis

According to several analysis, the
principal component of multitemporal and -
spectral image data is applicable for
enhancing areas with obvious temporal
changes (JIAJU, 1988). With relation to
detect different stages of inundation we
also used this method for the multitemporal
Landsat MSS and TM image data (figure 5) .

SdMllon of Input Bind* of LindMt-MSS/TM Dill
on tlw B«l> of Thonutlc Roqulramonl*

i

Input I
MSS - Bind 7 from 1 »73/76/10/11 I
TM - Bind S from \ 9BC/S7/M/M I

I
hnigo Io Imig* RigMrillon •

Hi» Cott«HonoHh* Input Bind» •

I

I

Stngl* Bind-, IMIo- «id Principal Compotwnt Aiulyili

Hlgh-Piu dlculillon of Ih* InlMulty-CompoiMnt
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IHS-RQB TnniforniiUon

±.
Output on Film

Figure 5. image analysis flow

The principal component analysis uses an
eight different temporal data set. The
first principal component has more or less
the same positive coefficient for each
band. The second component appears to be
the difference between the inundated area
and non-inundated area. However, both
components are similar in highlighting its
information content concerning
multitemporal changes (MEHL, 1991). Because
of the subsequent treatment it was even
more sensible using the first component.
The following components express one
temporal stage of the different input data,
whereby the effect of the statements drop
proportional to the rising of the noise of
the higher components.
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5.2.3 IHS-processing

The next step of treatment aimed at
supporting the human eye in discriminating
temporal, spatial and textural features in
the input data. The application of the IHS-
color coordinate system seems to be best
suitable. After deciding which input data
have to be put in the three IBS-components,
they have to be retransfered into a RGB-
system for visualization at the monitor
(HAYDN, 1983). The following enhanced
images were selected:

Intensity: To enhance the interpretability
and localization within the picture, a
highpassed merge of band 4 (TM-86) and band
7 (MSS-80) was used to control the
intensity of the image. The MSS-scene~80
was selected due to the 'endsee' charakter
of the lagoons there. TM'86 because of the
highest information density of all
TM1scenes concerning topographical data.

Hue: The first principal component was
taken due to be best suitability for
seperation of water and non-water areas and
also within the different multitemporal
stages.

Saturation: Finally, the principal
component was used reverse and
logarithmically for giving the affected
inundated areas a better saturation.
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ABSTRACT

To become sustainable and realise their
potential for environmental monitoring
in most developing countries, remote
sensing techniques must be practical and
be integrated into existing operational
activities with minimal running costs. A
programme of technology transfer
starting with direct METEOSAT reception,
continuing with NOAA, and leading on to
higher resolution satellite applications
appears to constitute a pragmatic and
sustainable approach for even the
poorest countries. Experience gained
from working with a dozen operational
low-cost satellite receivers in
developing countries is summarised.

KEYWORDS: Sustainable Technology,
Developing Countries, Direct Reception,
NOAA, METEOSAT.

1. THE PROBLEM OF TECHNOLOGY TRANSFER

Remote Sensing has been widely
recognised for several years now as a
technique of great potential and value
for Environmental Monitoring and
Resource Management. Why then is remote
sensing technology proving so difficult
to transfer? Why are established
techniques so much underutilised in
developing countries, and particularly
so in Africa? The answer it seems is
that very often the value of the
information produced by remofe sensing
'projects' is not recognised (by
decision makers) to be worth the real
costs of sustained indigenous
production. In order to realise its
true potential, remote sensing running
costs must be minimised and potential
benefits properly addressed.

1 .1 Costs and operational problems

The costs and difficulties faced by
operational remote sensing units in
developing countries can easily become
overwhelmingly high in relation to the
very limited resources available.
Externally supported projects rarely
continue any length of time after donor
withdrawal. Problems faced include :

High cost of raw or processed data
Difficult/delayed access to data
Poor timeliness of product presentation
Maintenance of equipment and facilities
Rapid changes in' equipment standards
Ground validation and integration of
data sets.

1 .2 Technical support and trained
personnel

Decision makers rarely appreciate the
technical options available and the ways
in which remote sensing information can
be used and transferred. (eg. potential
for Argos tracking of famine relief
lorries in insecure areas). Specialists
in remote sensing techniques often lack
sufficient resources to apply their
skills after training, and easily become
frustrated. Further, full time
employment of such specialists in
developing countries is expensive and is
not always justified by the sporadic
nature of the work.
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1 . 3 Appropriate Focus on Benefits

Most remote sensing customers are
concerned with monitoring conditions
over relatively small areas on the
ground, and are therefore only
interested in small amounts of data. Too
often the main emphasis in remote
sensing applications for developing
countries is placed on one-off projects
that make use of high resolution
satellite or aviation data to survey or
plan land-use over large areas,
sometimes requiring research limits to
be pushed back in searching for new
knowledge. In reality, in many
developing countries it is routine,
timely, qualitative, information on the
general situation, coupled with more
detail over particular areas, that is of
most immediate importance to local
decision makers. These aspects offer the
most sustainable opportunity for initial
transfer of appropriate satellite remote
sensing techniques.

2. A NOVEL APPROACH AT LARST

2.1 Local Application of Remote Sensing
Techniques (LARST)

LARST has addressed some of the above
issues and is now well on the way to an
appropriate and sustainable approach to
environmental remote sensing. Important
elements in the LARST approach include:

2.1.1 Identification of Benefits: the
information produced must be both needed
and used. It is important to identify
real applications with practical
benefits that are not too ambitious from
the start. It is useful to address
aspects of general interest to several
users [such as area or period rainfall
estimation] before addressing more
esoteric interests of particular
customers in specified areas [such as
specific river catchment status, night
storm frequency for estimating armyworm
aggregation, storm nowcasting for civil
aviation security]. In many instances
minor software modifications allow the
same raw information to be processed to
meet exact customer requirements.

2.1.2 Supplementing existing operations
The extraordinary value of even
qualitative information in data sparse
areas must be recognised. The value of
mixed complementary data sets (satellite
and ground) far enhances the value of
either alone. For example most

meteorological services expend
considerable resources maintaining
inadequate climate monitoring networks.
Supplementing ground observations with
satellite measurements of cold cloud
duration [ccd, as a qualitative proxy
for area rainfall] maintains point
precision and improves area
interpolation. Subsequent validation of
the ccd/rainfall relationships further
improves the information value. A
somewhat similar situation pertains to
NOAA vegetaion indices for monitoring
changes in ground vegetation.

2.1.3 Routine integration The need for
remote sensing to be integrated into
[daily] operational activities, with a
practical upgrade path, cannot be over
emphasised. Meteorological services are
very good examples, where satellite
information is obtained and used
routinely by persons who are neither
remote sensing or computer specialists.
Routine integration helps to ensure that
the information is used and that trained
personnel are more fully employed.

2.1.4 Low cost. The need to keep
capital production, recurrent, upgrades
and maintenance costs as low as possible
is vital. LARST uses low cost direct
receivers, with PC based processors
producing information from satellite
data that is available without charge,
e.g. Microcomputer based METEOSAT
primary and NOAA HRPT receiver systems
are now available for a few tens of
thousands of ECU. This allows systems to
be installed and upgraded [new micro,
next receiver etc] as and when required
with small cost increments. Such systems
can be battery powered for use in areas
of unreliable power, and manually
steerable antennae have proven to be
practical for NOAA reception.
Maintenance and running costs are
limited to keeping the computers
operational or replacing them.

2.1.5 Real Time. The value of timely
access to environment daha in developing
countries is considerable. For example
the rainfall situation can change
rapidly with droughts being broken by
damaging floods. Management or
reservoirs may require hourly storm
monitoring at critical periods, as does
aviation security. Under such
cicumstances satellite monitoring can be
an economic substitute for radar. Fire
risk and fire outbreak monitoring,
assessing seasonal progress of crop
production or rangeland conditions, wild
animal tracking, etc. all benefit from
quick and local availability of
information for reaction.

Vft^'1
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2.2 LARST Phase 1 : HETEOSAT

METEOSAT primary data, received in-
country every 30 minutes, is invaluable
for monitoring development of weather
systems and estimating tropical
rainfall.
LARST activities started with PC based
low-cost receivers for METEOSAT cold
cloud duration estimates of rainfall in
semi- arid Africa. This is required to
supplement existing [often inadequate]
rainfall networks within national
drought early warning systems. The pay-
off is markedly earlier warning and
better definition of drought and flood
areas with little or no effective
increase in operational costs. The
programme paid its way with vital real-
time information during the Sudan floods
of 1988. It systematically assists
decisions to supplement irrigation
production of food during droughts, and
drought relief payments. Applications
for the management of gated dams,
catchments and rainfall estimation in
deserted and remote areas for migrant
pest control are also significant. The
same primary data has ancillary benefits
for routine weather forecasting,
aviation routing, and nowcasting of
[e.g.] severe storms.

2.3 LARST Phase 2: NOAA Polar Orbiting
Environmental Satellites

NOAA AVHRR-HRPT data allows nation-wide
monitoring of many environmental
variables for appropriate and timely
intervention.
The second phase of LARST activities
developed from METEOSAT into reception
of NOAA data by means of a robust and
user friendly receiver system with
specially designed manually operated
horn for easy and reliable data capture
anywhere in the world. Applications
include: monitoring seasonal crop
development and rangeland conditions [by
means of NDVI: vegetation index] for
use in local famine early warning
systems; improved wildlife management
through simultaneous daily information
on rangeland quality and animal
movements from ARGOS radio-collar
tracking; routine monitoring of
conditions for migrant pest development
and control through identification of
vegetation development in remote and
deserted areas; fire risk assessment
and daily fire outbreak monitoring in
forests and savannah; monitoring
water surface conditions for lake and
sea fisheries development (eg. Lake
Malawi: mixing 'with boat data:
upwelling). Other meteorological
benefits from NOAA data include snow
cover assessment for spring melt water
availability; frost forecasting in
important and sensitive agricultural

areas, monitoring flood conditions for
disaster mitigation, seasonal fishery
potential, wetland management etc. The
potential for further development along
these lines by means of Russian, Chinese
and European environmental satellites is
significant.
Five such LARST NOAA systems are already
operational in Africa, with further
applications being developed.

2.3.1 Adaptive Research. The NOAA
applications work to date has required
little primary research. It is more a
question of adapting the large body of
existing research results into practical
techniques to assist people already
working on the ground to do their job
better. Together the METEOSAT and NOAA
receiver systems provide a significant
improvement in the accessibility of
useful satellite data to decision
makers. Those who have worked in the
Third World will be aware of the
difficulty of obtaining a clear national
overview and keeping touch with a
rapidly changing situation during a wet
season, when ground transportation is
often difficult.

2.3.2 Training Training of technical
personnel to operate receiver systems
has not been a problem. In most cases
existing staff in the government
departments concerned have learnt how to
receive and process data, and
incorporate the new information into
operational activities relatively
quickly, sometimes with very limited on-
the-job training. Onward dissemination
of information has not been so easy. Our
training efforts have been much enhanced
by FAO [ARTEMIS] training and
information dissemination activities
through regional centres in Africa: some
LARST activities might be considered as
national supplements to the continental
scale ARTEMIS project.

2.4 LARST Phase Meteorological
applications

This work, in collaboration with ViMO and
the UK Met Office envisages integration
of the METEOSAT Data Recovery System
[DRS: satellite retransmission of
surface observations] and METEOSAT Data
Dissemination IMDD] services with the
above mentioned facilities, into a low-
cost meteorological information system.
Such a facility should allow existing
small meteorological services to much
enhance their product range and quality,
without any increase in running costs.
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3. FUTURE IMPLICATIONS

2. 5 LARST Phase 4 :
Future

A High Resolution

v\~-

1

The above facilities and applications
demonstrate some of the ways in which
non commercial low resolution remote
sensing information can be incorporated
to make existing services in developing
countries more efficient.

Direct local reception of higher
resolution satellite data could further
improve prospects for local monitoring
and management of natural resources and
environments around the world, if it was
available.
LARST research suggests that higher
resolution data can be received
relatively easily from certain not too
fast direct readout satellites.
Prototype receiver systems could be
available shortly for satellites such as
LANDSAT, IRS1/2, MOSS, I... with the
capability to receive and process
relatively small amounts of data on PC
systems.

Potential applications for in-country
reception of higher resolution
information are legion. They include,
for example, monitoring active
deforestation sites in time to
intervene; the changing conditions of
wetlands for their better management,
and detailed understanding of local
agricultural conditions for planning
development or alleviating problems.

If small user licences could be
negotiated to allow inexpensive access
by developing countries to active
satellites, then integration of hi-res
remote sensing into operational
activities would become feasible. In
turn this would stimulate more
widespread and extensive use of remote
sensing and encourage order of
retropsective data and large area
coverage of baseline information from
the same source. Such arrangements
would make high resolution remote
sensing accessible and sustainable in
developing countries. The fundamental
requirement is for more open, direct
[slow] readout, high resolution
satellites.

Implications for future satellite
design, operation and data dissemination
(from the above and other applications)
need careful consideration. With
appropriate policy and a coordinated
satellite/receiver development
programme, activities like the small
commencement in technology transfer
described here could lead to major
growth in the utilisation of satellite
remote sensing, all over the world. The
present trend towards relay satellites
and highly centralised data processing
is likely to further disadvantage
development of remote sensing
applications in developing countries.

In this International Space Year
with the imminent United Nations
Conference on Environment and
Development, it is a useful time to
examine the directions in which
international space programmes are
heading, and ask if management of this
very powerful technology couldn't be
more user friendly.
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ABSTRACT

The current and planned utilization of Remote Sensing spacecraft
in the disasters management demands for facilities and services
able to provide products characterized by fist delivery from
acquisition, optimum source selection and integration of several
data into a metadata. This imposes on the existing space related
infrastructure functional and performance requirements to build
up an integrated system.
It is the aim of this paper Io identify, detail and assign to relevant
entities the upgrading requirements, taking into account what
already exists in terms of spacecrafts (and related payloads) and of
ground infrastructure. This is performed by analysing the
interfaces of the regional operations centre with the space related
facilities (Payload Coordination Centre, User Centres, Processing
and Archiving Facilities, Acquisition Stations).
A key aspect which is addressed in this context is the concept of
metadata, with respect to its applicability within RT environment
monitoring.

1. INTRODUCTION

The ability to manage environmental disasters, by limiting at the
largest possible extent their effects, is one of the key issues for the
joint commitment of scientists, international organizations and
governments. Recent examples of such attitude are the Chernobyl
plant accident, the Gulf war related pollution or the Pinatubo
volcanic eruption.
In general the most critical parameter to be taken into account is
the lime for intervention. This depends upon detection, isolation
and, whenever possible, recovery capability. Automation and
information era has upgraded this capability providing tools to
shorten this time. The objective for the near future is the
availability of an integrated system which, making use of ground-,
air- and spacebome sensors and actuators, is abk to manage in
real time (compared to disaster evolution characteristics) what is
happening.
Currently, several remote sensing satellites are flying over the
earth collecting and transmitting information on atmosphere, sea,
and land through their related ground infra-structure. Their
optimized exploitation during environmental contingency for
specific tasks, for which they are in a favourable position, seems a
must. Some problems arise, however, when dealing with the
coordination of several missions, with the ability of fast replanning
of automated operations, and with the integration of different data
sources in a consistent and useful information.
The content of this paper is aimed at proposing a workable
solution which makes maximum re-use of the existing infra-
structures. The guiding line throughout the different sections is
represented by a set of parameters which are at first identified and
then quantified as requirements for an integrated system. The
survey of space missions with their related on board instruments
and on ground acquisition, coordination, processing, archiving and
dissemination facilities is aimed at showing how those
requirements are fulfilled by the existing infrastructure. The last
section is devoted to describe an architecture for the integrated
system which takes into account from one side Disaster

Management specific facilities and from the other side existing
space related infra-structure, thus proposing an evolutionary
network of sensors able to provide fast knowledge and allow
prompt intervention.

2. DISASTERS AND EVALUATION MEANS ANALYSIS

The following table intends to provide a synthetic view of the most
common environmental disasters on a medium-large scale which
allow a human intervention once detected. A rough order of
magnitude estimate has been given of their characterizing features.
Spatial coverage and characteristic dimension (column 4-5)
together with time related aspects (column 6-7) of the
phenomenon represent the critical issues which drive the system
design.

disaster

hurricane

flood

snow

drought

earth-quake

sea-quake

volcanic
eruption

soil erosion

desertification

grasshopper

Forest fire

deforestation

sea pollution

lake pollution

radioactive

chemical

war

category

weather
*

N

H

geological
m

*

•

ft

vegetation
•

W

water
pollution

*

atmosph.
pollution

m

various

area of
interest

IKm2J

global

!(P-IO5

lO^-lO3

ioW
IO^IO4

global

regional /
global

«r^-lO4

Ifr'-lO5

!(P-IO6

IO^IO3

!(P-IO5

io^io6

10-1O4

global

global

>«10

chancl.
dim.

10Km

10Om

IKm

IKm

20m

10Km

IKm

IKm

IKm

IKm

IKm

IKm

100m

10Om

10Km

10Km

20m

evolution
time

2hrs

3hrs

3hre

1 month

1-10 mins

1-10 mins

2hrs

!month

!month

3hrs

1-2 hrs

!month

5 hrs

!month

3 hrs

3 hrs

various

control
time

5 hrs

5 hrs

5 hrs

IS days

3 hrs

Ihr

5 hrs

months

months

1-3 day

Ihr

months

!day

!week

5 hrs

S hrs

various

Table 1: Disaster characteristics

The system which has to face such environmental contingencies is
built up of different entities. From a functional point of view it is
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possible to highlight tome blocks in charge or the different
activities, namely;

a detection system based on environmental sensors of
different types;

- an Operational Centre which collects measurements and
decides intervention on alarm occurrence;

- an actuation system in charge of countermeasuring the
contingency, providing adequate feedback;
evaluation means to perform an assessment of the situation
(recognitors, acquisition and processing facilities).

The operational behaviour of the system can be thus characterized
by two different loops:

the intervention loop, which represents the reaction of the
system to an alarm coming from the environment;
the evaluation loop, which supports the decision making
providing all the possible information.

This concept is presented in the following figure.

Pig. 1: Disaster evaluation / intervention loops

The overall system is therefore characterized by the time
associated with the performing of each function. Thus the lime
between the occurrence of an anomaly in the environment and the
assessment and interpretation of the data is given by:

1 = 'd + «re+ «o+ V «p+ 1C
where:

'd =

're =

'o =
1I"
1P -
'c =

time necessary to delect anomaly data

lime necessary for the reaction of the system

time necessary to order complementary data

time necessary for the acquisition of these data

time necessary for the data pie-processing and processing,

lime necessary for all the communications activities, i.e.

communications sensors-Ops Centre tc(S-Ops), Ops

Centre-Recognilors tc(Opc-Rcg), etc.

The Detection depends on:

- type and amount of data collected;
territory coverage of sensors;
sampling rate of sensors.

The Reaction depends on
- availability of the centre;

threshold limits to be exceeded;
confirmations required.

The Ordering depends on:

- availability of recognitors;
- capability to perform orders (i.e. capability to acquire

knowledge on availability of recognitors);
capability to accept orders (i.e. capability to plan /replan the
resources acquisition schedule);

- capability to issue the new schedule of acquisition.
The Acquisition depends on:

availability of acquisition stations;
- visibility of acquisition stations;
- time necessary for the acquisition tasks;

amount of data.
The Pre-processing depends on:
- amount of data to be processed;

computing capability of the pre-processing centre;
The Processing depends on:

amount of data to be processed;
data integration capability;
type of processing required;
models involved;
sufficiency of data inputs for the modelling (calibration data);
historic data available (for comparison and calibration);
computing capability of the processing centre;
usability of the processing required (MMI);
availability of local expertise (CIS).

The Communications depend on:

type of link (space/ground)
throughput of link.

The Processing is identified as the activity which generates the
Metadata. The Metadata derive from the integration of individual
data coming from several sources into a higher level product. They
reply directly to the users questions related to the recovery
activities (e.g. will an identified area of sea pollution reach the
coast?). It is clear lhat, in order to generate the Metadata,
complex dynamic models are used and local expertise is necessary.

The general requirement for the management of disaster in RT is
to minimize for the integrated system the total time t. Constraints
are given by Ihe availability of resources and by the necessity to
minimize Ihe costs of the overall system.

A further analysis allows to identify which are Ihe driving factors
for each of the above mentioned parameters.

3. SURVEY OF CURRENT EARTH OBSERVATION
MISSIONS CANDIDATE FOR DISASTER

MANAGEMENT SUPPORT

In this chapter we review the existing technologies and
infrastructure related to Ihe various phases of the operations.

Detection / Recognition
Common 'non-spaceborae' detection means are:

- Airborne recognitors: they may make use, beside of "visual*
sensors, of cameras, radiometers and radar sensors. The latter
requires heavy processing of data.
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- In situ Platform» are (round based automatic equipment
which transmit environmental data. The transmission may
occur by means of ground links or by the Data Colleclion
System space link available in several Geostationary and Polar
satellites.

- Human intervention related sensors, i.e. * human which
perform visual recognition, and also an equipment which need
a human on site to provide data.

The main features of these sensors are presented in the following
Table 2. The sampling rate in general may be 'on demand1 when
the sensor is required for recognitions, a specific figure when a
routine sampling activity is performed, or threshold driven when
the detection of an out-of-limit triggers sensor activation (and
alarm transmission).

Sensor

Airborne

visual

camera
radiometei

radar

In-situ
Platforms

Human

Spatial
coverage

1O3Km2

10Om2

I
2

IKm

IKm2

Sampling
rate

on demand;
routine

(6-12 hr).

on demand;
MOOO sec;
thresholds

driven.

on demand
daily

threshold

Data amount

!Kbyte
100 Kbyte
!Mbyte

0.1-lOGbyte

>«
100 bit/sec

!Kbyte

Type of data

report
photography

image

image

environmental
parameters

reports

Table 2: Characteristics of common 'non-roaceborne' sensors

With respect to spacebome sensors, table 3 identifies the
instrumentation presently available on most space systems. It has

to be underlined that, with the exclusion of SAR, only sensors out
of the experimental phase are considered. Furthermore MOS
(Japan) and INSAT (India) instrumentation has not been
included, as those satellites provide at most services on a national
scale only.

Reaction

The reaction time is defined as the time necessary to the system to
detect contingency conditions and initiate the appropriate
procedures aimed at acquiring more information. Also a request
of confirmation can be therefore considered as a reaction.

Reaction should be immediate when the Operations Centre
receives data which do not need a huge processing; in reality,
reaction depends strictly on the organization and coordination
within the centre (and on the availability of such a centre), as
generally a considerable amount of time is waste in order to "start*
the system.
In case the Operations Centre U confident to know exactly what
has happened, and is therefore capable of issuing directly the
commands for countermeasures, the successive activity are not
performed, as the contingency is already under (a certain) control,
and the intervention loop is closed.

Otherwise the system enters the evaluation loop.

Ordering

The request for additional information is aimed at nuking use as
'recognitors' of instruments generally flying on airplanes or
satellites. Those instruments are exactly those presented in the
detection section (Tables 2 and 3), It can be assumed, however,
that once issued the alarm, the resolution requirements generally
increase, thus constraining the choice of recognitors among those
allowing a good level of detail of information.

The availability of space resources has a general constraint coming
from previous orders performed by other users: those are
reflected in the acquisition plan of the satellite. We assume in this
paper that any orders performed by the Operations Centre have
the highest possible priority and the acquisition plans may always
be modified accordingly (Replanninel.

Sensor

Imaging

Radiometer

AVHRR

MSS

TM

HRV

SAR

Satellite(s)

Meteosat
GOES
CMS
NOAA 10-12
(USA)
Landsat 5-(6)
(USA)

Landsat S-(6)
(USA)
SPOT
(France)
ERS-I (Europe)
JERS-I (Japan) (•)

Type of orbit

Geostationary

Polar /
Sunsynchronous
Polar/
Sunsynchronous

Polar/
Sunsynchronous

Polar/
Sunsynchronous
Polar/
Sunsynchronous

Spatial coverage

2.SxIO8Km2

(earth disk)

2.OxIO6 Km2

3.2XlO4Km2

3.2x10* Km2

4.SxIO3Km2

3.6XlO3Km2

Sampling
rate

30 min

12 hr

16 days

16 days

on demand
12 hr- 3 days

on demand
3 days -35 days

Data amount:
Downlink,

!scene

170 Kbit/ser,

200 Mbyte

666 Kbit/sec,
as required

1 Mbit/sec,
100 Mbyte

1 Mbit/sec,
34.5 Mbyte

25 Mbit/sec
100 Mbyte
100 Mbit/sec
190 Mbyte (unproc.)
64 Mbyte (pre-proc.)

Type of band
(resolution range)

Visible and Infrared
(1-7Km)

Visible and Infrared
(1-7Km)

Visible and Infrared
(60-80 m)

Visible and Infrared
(3Om)
Visible and Infrared
(10-3Om)
Microwave
(3Om)

(*) launched 11/02/92, not yet operational; on 08/04/92 SAR Antenna Deployed

Table 3: Space Sensors
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The following UbIe presents the characteristics of ordering activity
for the different recognitors, including the non spacebome ones.

Sensor / Recognilor

Airborne

In situ Platform

Human

Geo-salellite

Polar-satellite

not valid for NOAA
and Landsat

Knowledge

10min

l /5min

20 min

negligible

2hr(day)/
14 hr (night)
50 hr (during
weekends)

Replanning

10 min

1 / 2 min

O
not needed

1-2 hr

Issue of acquisi-
tion schedule

not needed

-/1OO min

not needed

not needed

1.5-12 hr 45° Lat
15 hr 67° Lat
O (use of relay
satellites system)

(*) During hurricane season GOES imaging is planned as required
to survey the tropical regions.

Table 4: Characteristics of Ordering activities

The time spent for Knowledge is the time necessary to contact the
managers of recognitors and determine which recognitor may be
used for the data acquisition; as the "recognitors managers* are
world spread, this activity is time consuming. Reolanning is the
activity which performs the re-scheduling for the recognitors
acquisition. The lime in the table is a "potential" time as the
organizations in charge of the replanning in general don't accept
re-scheduling req's for times < 22 hr. Some additional lime is
spent for the issue of acquisition schedule to the recognitors.

Acquisition

The time necessary for acquisition is given by the sum of the time
necessary for the recognitors to reach the area of interest and
collect data (Recognitors availability), the time for the acquisition
stations to be visible (Visibility) and the time for the acquisition
stations to acquire the data and make it available for processing
(Data availability"). We assume that acquisition stations are always
available due to high priority. To achieve data availability, it is
necessary to perform those activities such as dats storage on
magnetic tapes, de-multiplexing, assessment of correct reception
of data, etc.. The time for transmission of data to the Acquisition
Station is not considered in the following table 5.

Sensor

Airborne

visual/
camera

radiometer /
radar

In situ Platforms

Human

Geo-satellite

Polar-satellite

Recognitors

Availability

30 min

60 min

continuous

0.1-1 hr

continuous

12 hr
3 days
16 days
35 days

Acq. St.

Visibility

30 min

continuous
(terrestrial link)

Otol2hr
(satellite link)

10 minutes

continuous

15 hr (6T)

15-12 hr (45°)

Data
Availability

S min

S min

prompt

S min

30 min

Table 5: Characteristics of Acquisition

Preceding

Two main steps can be considered in the whole processing
sequence: a pre-processing and the generation of Metadata.
Pre-processing are activities such as:

correction of noise;
calibration, in order to extract absolute values;
introduction of orbit data and geotocation of data;
removal of sun angle;

correction of earth rotations and curvature effects;
correction of satellite rotations effects;
removal of atmospheric effects.

In other words, all the activities which clear most of the non target
related feature*. In the following table the time necessary for pre-
processing is highlighted.

Non-spacebome Sensor

Airborne visual

* camera

* radiometer

• radar

In situ Platform

Human

T1PP

10 min

30min

10 min

40 min

sec
10 min

Spacebome Sensors

Imaging Radiometer

AVHRR

MSS
TM
HRV
SAR

TPP
sec

S min

S min

S min

10 min

40 min

Tables 6A/B: Indicative pre-processing time

The data obtained from this activity may then be further processed
in order to produce the Metadata. The time spent for Metadata
production varies depending on the type of product required.

As a concluding remark of this section, we derived through
computational models, from the tables presented hercabove, the
time necessary to a user to receive support data for the evaluation
loop (see figures 2 and 3). It is assumed that these data have not
been pre-planned but the user performs an unexpected request.
The figures show the time required to receive non space data and
the probability to receive a spaceborne data within a certain lime.

Platforml refers to in-situ platforms which make use of a direct
link with the Ops Centre, Platform2 communicate via a DCS on *
Polar satellite. Figure 2 shows that in general, all non space data
are received within S hrs; this is one of the main quality of those
data.

hn
5

4,5
4 -

3,5
3

2,5
2

1,5

0,5
O •

Visual Photo SAR Pl»tf1 PlatfZ Human
A I r b o r n •

Picure 2: Time reauired to
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The time here considered is evaluated from the instant when the
user has detected anomaly conditions to the instant when the user
receives pre-processed data which will be then used for the
generation of Metadata.

The time necessary for communications purpose has been taken
into account only for non space data. In fact, considering the
actual average throughput available, the amount of data derived
from space sensors requires communications times of the order of
days. Only dedicated high rate comms links are capable to handle
the digital transmission of spacebome data.
For the spaceborne data, the above statistic presentation has been
chosen, as more adequate to take into account the peculiar
characteristic of availability of polar spacecrafts.
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Fipire 3: Probabilities to receive «pace data within time t

Figure 3 shows that TM and SAR have a very low probability to be
received by the users within one day. The AVHRR is the only
"polar" instrument useful to handle situations with severe lime
constraint requirements.

At present, if we exclude time spent for communications, which
depends on relatively costly up-to-date technology, the main
factors affecting the RT delivery of polar spacecrafts products are
therefore availability and visibility.

4. AN EVOLUTIONARY APPROACH

The tables presented in the previous section show the relevant
factors affecting the evaluation loop of the system.

When comparing the characteristics of disasters presented in table
1 with the performances of current infrastructure, it is possible to
highlight some requirements which are not satisfied by the present
infrastructure. In the following we identify some upgrades which
correct various bottle-necks and unnecessary delays in the
processing and exchange of information. A constraint for this
upgrading is represented by having a negligible cost impact: the
proposed system is therefore "open", meaning its kernel is
represented by a set of basic services, in line with what already
exists; as the user infrastructure will progress, the architecture of
the system will allow easy integration and increasing performances.

In the following figure we sketch a possible architecture for the
system.

The detection of contingencies is possible only if a sufficient
number of sensors is available. It is clear from table 3 that in case
of disasters which require for detection and alarm a sampling rate

of not less than 1 day, space sensors are valuable when the
resolution requirements are not stringent (> 1 Km). The tensors
satisfying these requirements are the geostationary Imaging
Radiometers and the AVHRR, they may be used for drought and
grasshopper. The only space sensor which satisfy sampling rate
requirements of about 1 hr is the Imagine Radiometer, as it is
embarked on geostationary satellites; it is wed for the monitoring
of hurricanes and weather conditions in general.

Geostotfenaryv-
Satellite

Scheduling Earth Observation
S/C Ground Seg.

3lor
Sotellite

Environmental
data detected
by spoceborne
sensors

"" - a
Replonning-,
requests '<

Geo Polar
Direct receiving
stations

Environment

Environmental

data delected
by air / ground

sensors

a
User
Interface
Centre

Request

a
Operations
Centre

Figure 4: System architecture

Presently, other contingencies such as floods or earthquakes which
require a high sampling rate and a high resolution don't match
with any available spaceborn» sensor. In this case it is important
that automatic ground based sensors integrate and improve the
system detection capability based otherwise, on "human" sensors,
which provide generally qualitative and non objective data and
may cause delay in the reaction of the system and in the whole
evaluation loop.

Some automatic sensors will continuously transmit data but most
of them should automatically turn on their transmission capability
by the exceeding of some parameters limits. This will limit the
amount of data to be handled by the system and save cost.

Data reflecting contingency, should reach the Operations Centre
for the reaction of the system.

Ground based sensors data will generally be transmitted to the
Ops Centre by means of telephone, fax, or dedicated lines for data
transmission. Space links may be valuable for wide areas; the Data
Collection System, available on Geostationary and Polar satellites,
is relative low-cost although it puts strict restrictions on data rale
and continuity of transmission. Luckily, ground based sensors data
require a limited data rate.

The Operations Centre represents the central facility (managed by
Civil Protection or similar entities) required to manage the
integrated resources at disposa! for the evaluation and
intervention activities. A well organized centre will quickly detect
contingencies and start the ordering tasks for recognitions.
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Generally, the user is not aware of the availability of recognitors
specially if these recognitors belong to an external organization;
furthermore, these organizations are spread in the world and
usually, not permanently available (see table 4). As a consequence
time is lost for the 'knowledge", "rcplanning" and 'issue of the
acquisition schedule'. An improved system requires a permanent
on line ordering capability.

In this paper it is proposed to make use of a User Interface Centre
which supports the National Operations Centres in performing
orders of spacebome data products.

It performs the following activities:

receives the requests of the National Operations Centres for
data products (in particular for 'external* products);
performs on-line multi-mission feasibility analysis for orders;

interfaces with the world spread mission control centres;
coordinates the distribution of the products to the users.

Furthermore, it may estimate the time necessary for the user to
receive the final product, giving him the possibility to follow in RT
the status of the delivery of data. Obviously the effectiveness of
such a Centre depends on a permanent availability of the
managers of the 'external* recognitors.

An improvement to the Acquisition activities for spacebome SAR
sensors may be found in the present 'under-development'
technology which is aimed to load directly the downlinked data in
the fast processing workstations, avoiding the necessity to record
previously, on tapes, the raw data.

Pre-processing of data at acquisition stations, will reduce its
amount and save time for further transmissions. Of course, in case
of products which require heavy computing resources (e.g. SAR
images), or Acquisition Stations with no pre-processing capability,
the raw data will be redistributed to Processing Centres for the
generation of Metadata.

It is proposed that the Operations Centre follows the generation
of the Metadata (if the Nations infrastructure do not allow such a
choice then an external Processing Centre may generate the
Metadata). In facts, the processing has to take into account the
geographical characteristics of the area under investigation, hence,
local expertise are inestimable in saving time and obtaining the
correct results. Furthermore, acquired data will be compared with
the historic and statistic data for the assessment of the disaster
which are likely to be present in local archives and data bases.

Geostolionory
Sotellite

4~V Comms Satellite

Polar
Satellite

Acquisition
Station

a
Operations
Centre

Processing
Centre

Figure 5: Space Communication» scheme for On* Centre support

The Operations Centre may therefore gather the acquisition,
management and processing functions of the system, at least for
metadata generation.

For less favourite countries, the use of external facilities for
acquisition and processing depends on the availability of suitable
communications link. On the other hand it is expected that the
Operations Centre will not be able to perform alone all the
processing required, particularly for specific products.

The need arises, therefore, to set up an infrastructure in support
to the Operation* Centre, by using existing Processing (and
Acquisition) facilities. The following solution is envisaged.

The high rate links are expected to make use of a geostationary
relay satellite; in facts, the equipment- necessary for the
communication* is comparable in cost with the installation of
dedicated high me ground connections. Furthermore, the high
rate channel on the comms satellite may be shared by the various
Nations of a wide geographic area, reducing costs for maintenance.

5. CONCLUSIONS

The identified architecture for the management of disasters is
highly flexible and has the characteristic of an open architecture.
Less favourite countries with lower acquisition and processing
capability may receive the system services although with reduced
performances. The main activities maybe hosted to other nations;
only a limited amount of resource is necessary to receive the final
products and generate the interprétable Metadata.

It is clear however, that there are intrinsic limits on the
performances of the system; fundamental upgrades will be
required to obtain some particular performances which may
change the present approach for the management of disaster (e.g.
capability to receive SAR products in RT).

Presently, revisit time by the satellites is the factor which affects at
most the time performances of the system; the usage of sensors
with orientation capability and all weather capability will reduce
this time. At the same time it is expected that significant increase
in performances will be achieved by processing systems, both at
single product level and at integrated Metadata level.

6. TABLE OF ACRONYMS

AVHRR Advanced Very High Resolution Radiometer
DCS Data Collection System
DM Disaster Management
EO Earth Observation
GIS Geographical Information System
HRV High Resolution Visible
IC Interface Centre
MMI Man Machine Interface
MSS Multi Spectral Scanner
RA Radio Altimeter
RT Real Time
SAR Synthetic Aperture Radar
S/C Spacecraft
TM Thematic Mapper
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A METHOD FOR SEQUENTIAL IMAGE ANALYSIS OF HAZARD AREAS

Jan J. Nossin *)
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ABSTRACT

A method is presented for digitizing air photos in time-sequence,
and digitally referencing them to SPOT imagery, or to a topo-
graphic map. The sequential analysis allows the monitoring of the
development of geomorphlc hazards over time, and forecasting
their possible further development. The eastern Colombian Andes
front serves as a study area, where mass movements and fluvial
dynamics are analyzed. Equipment used Is an Agfa-Focus Il
flatbed scanner with MacView Il 2.0 software, and an EarthProbe-
One image processing systerr

Keywords: Geomorphic hazard, sequential analysis, digital overlay.

1. INTRODUCTION

A geomorphic hazards study is being undertaken in the eastern
Colombian Andes front where it pushes against the Llanos
Orientales. The mountain front is quite steep and high, and the
relief change to the plains is very abrupt, in the order of a descent
from summits over 3500 metres high, to a foreland at less than
400 m. a.s.l, over some 10-20 km.

The rapidly growing city of Villavicencio (presently some 300.000
inhabitants) lies in the centre of the study area; some 20 km to the
north lies the town of Restrepo. Villavicencio Is located at the
place where the Guatiqui'a River leaves the mountains; it is consid-
ered the gateway to the Llanos Orientales, and the only significant
urban centre for hundreds of kilometres around.

A thrust fault zone where the rocks are strongly mylonitized, marks
the eastern front.

The terrain Is mostly made up of Mesozoic and Palaeozoic sedi-
mentary series, with dominating black lutites; Tertiary sedimen-
taries are found In the foreland. All rocks are strongly folded and
faulted.

Precipitation is in the order of 4000 - 6000 mm. per year. Records
on river discharge and seismic events are absent.

This area is prone to strong and rapid geomorphic processes
posing hazards to the inhabitants.

The study centers on fluvial dynamics as a result of changes in the
erosion regime of the Cordillera Oriental.

The methodology being developed. Is the time sequential analysis
of aerial photography dating back to 1937, in selected study zones
where presently environmental problems are encountered. Some
of these areas show quite spectacular phenomena.

The air photos are digitized by flat-bed scanning on an Agfa Focus
Il scanner, using McView-Plus II.2.0 software on an Apple
Mackintosh computer.

These are then transformed geometrically to be overlain on SPOT
panchromatic imagery where available. This is done in an
EarthProbe-1 image processing system. The 10 m resolution of the
satellite imagery allows, in practice, sufficient overlay to identify
the required ground control points in the SPOT Image as well as in
the photos. Thus it is possible to bring out the differences, which
are a yardstick, to monitor the development of the phenomenon
over time. The parallax of the air photos is not rectified further,
though Il is significantly reduced by the geometric correction.
Where no SPOT panchro imagery is available, one of the photos is
taken as a reference; registration to a topographic base map is
done as well.

A development in time îo the present hazardous situations can be
read from the analyzed imagery. An attempt at projection into the
future will be undertaken at a later stage.

The method is presently under development; in the following some
preliminary results will be presented.

Since the late 1930's, air photos of the area have been regularly
taken, so that at the IGAC (Instituto Geogrâfico Agustfn Codazzi,
Colombia's national Geographic Institute), a good time-sequential
coverage exists. A SPOT panchromatic image of 1990 has a
cloudfree window over 'the Villavicencio area, but not over
Restrepo.

The objective of this study is, to develop a method for digitally
overlaying the air photos, using the SPOT image as a reference,
so that a time-sequential analysis can be made of the development
of the hazards. Further image enhancement can be applied to any
or all of the registered images.

For this analysis, three areas were selected:

• The mass removal area known as the Mirador landslip. This
rapidly advancing landslip is a continuing threat to the
Vlllavicencio-Bogota highway.

• The fluvial dynamics (channel shifts) of the Guatiquia River.
In the bend off Villavicencio, the river threatens on its left
bank the civil airport of Villavicencio with flooding.

• The debris flows in the Rio Salinas and the Rio UpIn. The
latter debris flow threatens to overwhelm the town of
Restrepo.

The geological and geomorphological details of ihese areas are
described in the references quoted.

Proceedings ot the Central Symposium of the 'International Space Year' Conference Held in Munich. Germany. 30 March-4 April 1992
(fSA SP 341 July 19921
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In the following, first the method of analysis will be described for
each ol the areas selected Then, some preliminary remarks on
the interpretation of the multi-temporal image sets will follow

2. THE MIRAOOR LANDSLIP

Air photos of 1937, 1950 and 1964 were scanned on an Agfa
Focus Il B and W flatbed scanner, using the McView Plus Il 2.0
software on a Mackintosh computer, with selected windows of the
area of study, sizes in the order of 1000 x 1000 pixels, screen
resolution 200 or 175 d.p.i.

After inversion and removal of headers, the files (via floppies) were
introduced into an EarthProbe-One image processing system
(EP1) This consists of a Hewlett-Packard Vectra QS 20 with 80386
processor and 387 co-processor, a Revolution Number Nine colour
card, color and monochrome monitor, digitizing tablet and EP1
software.

Full-screen sized boxes comprising practically the whole subframe
were transformed into 512 x 512 pixel files, then registered to a
window of a SPOT image. 1990, that served as reference

Fig. 1 shows a referenced window of a 1937 airphoto

Each of the air photos was in its turn registered to 1he SPOT
image, using the EP1 registration programme, by affine warp, and
nearest neighbour resampling. It should be remarked that of the
area studied, more flights are available than the ones used here

Depending on the outcome, the registration of the images is done
in one or in two steps. The original overlay with the full-sized Spot
window is saved; this is for later matching with the other warped
photos, and for scale determination: the size of the SPOT window
from which the operation was started, is known and serves as a
scale for the other images. Similarly, its orientation is known and
serves for the other images. The box with the common area of the
overlay is saved separately and used as an end product. As the
photos are all referenced 10 the SPOT image, they are, after warp-
ing, also matchable mutually.

Fig . I Part of air photo 1937 , scanned and --Mrped to register wi th Spot image

The end result is a multi-band image, of which three bands can be
displayed at a time The system can hold maximally seven bands
per image Moreover, per (active) image, maximally eight map
levels can be overlaid These are bit maps that are created with
the cursor and the map editing software, usually overlain over an
image if the relevant image is registered with the others analyzed,
to a common base, this option allows the representation of another
eight overlays

The image bands represent respectively, the situation of 1937
1950, 1964 and 1990 (Spot) In fig. 2. the situations of 1937, 1950
and 1964 are shown m blue, green and red. respectively. The
1990 situation of the landslip (only) is shown as a map overlay
based on the Spot image, in white: the same map overlay en-
hances the 1964 position of the landslip in red.

In order to make the fit better presentable, the end the Spot image
has been warped to band 3 (1980) of the final image set This
however, is a cosmetic and should not normally be applied
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Fig. 2 Registered images of Mirador area: Blue = 1937, Green = 1950, Red =
1964. Red mask: landslip 1964. Uli i te mask: landslip growth 1964
199(.I.

3. THE GUATIQUJA RIVER

In order to analyze changes in the bed of the Guatiquia River,
different air photos but from the same flights were chosen, to show
the river tract in its bend as it flows by Villavicencio.

Later, an air photo of 1956 was added and treated similarly, as it
shows a situation of actual diversion of the Guatiquia waters.

The procedure is the same as that described for the Mirador

• Scanning of the windows on the air photos

• Introduced into the EP1 system and made into boxes of 512
x 512

• Overlay in one or two steps, with the Spot image window

• Final output a five- band image set representing ihe situ-
ations in 1937 1950. 1956. 1980 and 1990

Mere, no final warping of the Spot image was done.

Figure 3 shows a binary image (explained in para. 6) of the 1980,
1956 and 1937 situation, showing the area of the 1956 floods.

4. THE RESTREPO AREA

Over the Restrepo area, the Spot image is cloud covered, and the
resolution of the TM image is not good enough. Therefore, a reg-
istration was tested of two boxes from airphotos of 1939 as refer-
ence and 1980 as operand.

The overlaying is done in the usual way (affine warp, nearest
neighbour resampling) and the resulting warped 1980 image is
then registered to the 1939 image The common area is saved as
an end product
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Fig. 3 Registered binary images of Gii.itiquia bed: Blue
Red = 1980.

1937, Green = 1956,

1

In a map overlay, some of the conspicuous features are high-
lighted lineaments which are field-confirmed fault lines, infrastruc-
ture and urban area of 1939, and the differences in the two major
riverbeds This is shown in fig 4

A topographic map of 1960 (basis for the geological map) is also
available, and the 1956 air photo was warped to this topomap. The
original map scale is 1 25 000, it was first reduced to
1 50 000 and then the air photo of approc.
1 AO 000 scale was warped to it Four ground control points are
required for this operation

5. REMARKS ON THE GEOMETRIC
REGISTRATION

This geometric registration offers some particulars lhat should be
stipulated here

• The resolution of the SPOT panchromatic image (10 m) is
good enough to allow the identification of at least four (the
required minimum) ground control points bolh on the air
photo and on the SPOT image

• Also on an existing TM image with 30 m resolution, this
identification becomes so inaccurate as to be impracticable

• The urban expansion of Villavicencio is so intensive that in
the urbanized area, the identification of ground control
points is extremely difficult

• Parallactic distortions are different m each of the air photos
They have been taken with different focal lengths and films
to different scales

The warping affects the positioning of points in the image, but it
does not eliminate the parallax. This again has to be seen against
Ihe 10 m. resolution of the reference SPOT image, and for pur-
poses of analysis, the inacccuracies are considered compatible as
long as the matching is more or less concentrated on the height
level of the area of principal interest.

6. REMARKS ON THE PRESENTATION
IN COLOUR

Maximally three situations can be registered and shown simulta-
neously through, respectively, the blue, green and red channels of
the colour monitor. Each colour represents the situation in the
corresponding year Combination of colours yields the following

Magenta : Red + Blue (or white minus green)

Cyan • Green <- Blue (or white minus red)

Yellow Red + Green ( or white minus blue)

White Red + Blue -i Green

The colour of a particular feature in ihe image should be inter-
preted along this guideline

Red (or Green or Blue) feature present only in the particular
image represented by that colour

Magenta, or Cyan, or Yellow feature present in the two images
corresponding to that colour in the overlay

White feature present in all three years shown
Prints or screen photographs should be viewed and interpreted in
an anologous way
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Fig. 4 Resttepu area, R. Salinas and R. Hpin
Uitli map overlay.

/, Gi pen = 1980.

7. FURTHER ENHANCEMENTS

Based on the final multi-band image, enhancements can then be
applied to highlight certain aspects.

? 1 Binary images

After a pixel read-out, cutoff values for a binary representation can
be determined Either one band is binary overlaid on another nor-
mally represented, or a combination of (three) binary representa-
tions is made

The cutoff values are chosen to emphasize the features to De
highlighted, in practice this is done through an interactive pixel-
value readout in the image For the present study, the landslip and
the fluvial dynamics are the salient features Fig 3 shows the
Guatiquia streambed in a bma'y image, showing the 1980 situation
in red. 1956 m green. 1937 in blut The flood branch of the river to
the NE across the airport terrain is striking, and indicates the zone
in flood peril

The same and in another context, can be done to highlight
changes m land cover and vegetation, and infrastructure

7.2 Density slicing

A similar effect is obtained by density slicing, where the slice
values are first determined to highlight the significant features.
Different slices are needed for the monitoring of different features.
The results are not too different from binary overlays, which have
the advantage of greater clarity

7 3 Map overlays

Map overlays can be merged into the images, and they can be
kept as separate and registered maps, or burned into the image.
These maps are created in the EP1 system and are thus limited to
monoscopic interpretations of the imagery. An example is shown in
fig 1. and also in fig 4. where the 1939 and 1980 images of the
Restrepo area are registered and overlain by a bit map highlight-
ing lineaments, the 1939 streams and infrastructure, and the majo!
bed confines

7 4 Scanned interpretations

A further step, not yet applied here is to make interpretations and
annotations under the stereoscope, and to digitize the interpreta-
tion (black linears only) along with the air photo on the scanner

rt:
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8. PRELIMINARY OBSERVATIONS
ON THE SEQUENTIAL IMAGE SETS

8.1 The Mirador landslip

The Cafio Susumuco comes down from the landslip to the
Guatiquia river. On the 1937 (mage, there is no sign of any abnor-
mal quebrada (gorge) at all in this region.

The 1950 Image shows that the course of the cafto did not at all
originate from the landslip, but came from a catchment north and
west of the present landslip.

Between 1950 and 1964, a tributary to the Susumuco has eaten
itself headward at a high speed and created the landslip. The area
showing on the air photo is of a size of around 450 pixels, each
11.93 x 11.93 metres, or around 64000 mj.

Between 1964 and 1990, the total area has grown to around 1500
pixels, or some 213000 m* of affected terrain.

it can be seen on the 1964 image that the south fork of the erod-
ing zone seems to be fed from the road. Since then the road has
been re-laid various times, each time only to be eaten up by the
expanding landslip.

The lateral expansion, as seen on the Spot image, seems to grow
and it may be speculated that that has to do with the low re-
sistance of the mylonitlzed rocks in the fault zone. Expansion in
the trend direction of the fault may be expected.

Expansion in depth, over time, has been quite considerable, but
this cannot be read from these Images without stereoscopy. At the
same lime, aggradation In the gorge must have started at a par-
ticular moment In time, corresponding to the growth of the
landslip. A raising of the bed therefore must have resulted. In the
downstream part, the Susumuco gorge is indeed difficult to fit on
the images of the various years. A reason may be this change from
incision to aggradation as material from the landslip increased,
thereby raising and widening the bottom of the gorge.

8.2 The Guatiquia River

The 19SO image shows a large area on the present left bank, west
of the airport, as part of the riverbed. The area concerned is about
9100 pixels of 14.48 metres square, or 1908000 m2 approximately.

From 1950 to 1990 there is a net shift of the channel towards the
south bank. However, It is known from the 1956 images that at that
time the river shifted its course to an additional branch flowing
north- and northeast-ward across the present airport area, to join
up with rivers coming down from the Salinas area, then to take an
eastward course and join with the Guatiquia river further
downstream.

From other Imagery It Is known that the river, downstream of
Vlllavlcencio, has a tendency to migrate northward over time. The
areas thus affected, are likely to be affected again in the future,
and for planning development In the area, these outcomes can be
helpful. The trend of changes over time Is an important factor to
establish first.

8.3 The Restrepo area

In the Restrepo area, no suitable SPOT panchromatic reference
image exists, and the intention is to order one as soon as possible.
On the latest air photo analyzed here, the expansion of the Upin
across Restrepo is not evident yet: we have to do with a very
recent phenomenon. Nevertheless, the embankments of major
channels can be identified, and these are the parts of the greatest
hazard. In the R. Salinas, the progress of the debris deposit is
clearly visible.

Analysis of more recent imagery will add more Information about
the speed of growth of the hazard.
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THEUSEOFSPOTDATAIN

NATURAL DISASTER PREVENTION AND DAMAGE ASSESSMENT

J.C. RIVEREAU

SPOT IMAGE - Toulouse - FRANCE

\

ABSTRACT

SPOT can efficiently contribute to gather valuable information in dis-
aster prevention and preparedness, damage assessment and disas-
ter relief. In disaster prevention, risk analysis requires the compila-
tion of a number of information extracted from SPOT data: land use,
infrastructures, topography and morphology (OEM), hydrography,
geology, soil types. These information are introduced into geograph-
ic information systems to establish hazard maps and risk potentiali-
ties. Vulnerability maps and contingency plans are thus derived by
adding socio-economic factors. In case of disaster, the assessment
of damage is vital to undertake relief measures and on Ihe long term
recovery and rehabilitation planning. In remote areas, SPOT images
are often the only means of investigation if timely data can be ob-
tained. For immediate disaster relief purposes, the use of SPOT is
hampered by Ihe difficulty to acquire good data in a very short period
of time. But preparedness and disaster mitigation is strongly im-
proved, in hazard prone areas, by establishing well in advance con-
tingency studies to plan prevention means and measures. These
documents are particularly useful to authorities Io anticipate and plan
emergy actions according to actual situation and prevailing condi-
tions. Finally, on the long term, SPOT data efficiently contribute to
reconstruction and rehabilitation planning.

Keywords: SPOT, Disaster prevention, risk, vulnerability, conlengen-
cy plans, GIS.

!.INTRODUCTION

As we have virtually no means to avoid natural hazard occurrences,
actions are directed towards tools used to minimize disaster da-
mages and impact on lands, infrastructures and population. SPOT
key features such as: high ground resolution, flexibility to acquire
worldwide geographic information and stereoscopy can efficiently
contribute to gather valuable information in disaster prevention and
preparedness, damage assessment and disaster relief.
This brief description gives an overview of SPOT potential as well as
operational capability in this field of activity.

2. DISASTER PREVENTIONAND PREPAREDNESS

In disaster prevention, hazard and risk analysis is a major step and
requires the compilation of a number of information coming from se-
veral sources. A variety of up dated geographical information are ex-
tracted from SPOT data:

- land use and land cover,
- infrastructure and human settlements,
- topography and morphology,
- hydrography,
-geology,
-soils.
After analysis, these information are easily mapped, surfaces and Ii-
nears computed and introduced into Geographical Information Sys-

tem to establish hazard maps and risk assessment from which vulne-
rability maps and contingency plans will be derived. These docu-
ments are used to classified the areas, for a given natural hazard, in
terms of:

-physical risk potential,
- vulnerability which takes into account parameters such as land co-

ver, morphology, environment, infrastructure, hartal and human
and economic (actors.

From vulnerability mapping, contingency plans are derived to esta-
blish anticipated relief strategies or Io implement protective measu-
res. Applications are many for disaster prevention related to earth-
quakes, landslides, forest fires or flooding,

For earthquake preparedness, SPOT data are used for geological
and structural mapping (faults, fractures) for risk assessment Io
which further information on land cover and infrastructure are added
to derive a vulnerability document, at the local and regional levels.

A good example is given by the Laboratoire de Physique du Globe
(France) project on neotectonics in the North Ttoet region using
SPOT data. For instance for the Akin Dagh active fault, a displace-
ment a only few hundreds of meters has been detected in recent al-
luvial and colluvial deposits thanks to SPOT high resolution. The
fault average horizontal displacement has been estimated at 2 to 4
cm a year.

For landslide occurrences (and erosion process), SPOT data are
particularly useful as stereoscopic vision is provided by stereopairs
and digital elevation models can be routinely derived from images.

This is a discipline where most of the needed information to target
zones al risk is extracted from data:

- geology lor rock types, surface deposits and tectonics
- morphology,
- digital elevation model and slope maps/exposure maps,
- land use,
- vegetation map.

BRGM (France) has conducted several studies in Bolivia (City of La
Paz) Colombia (Chicamocha Valley) and Taiwan (Linkon Area) to
establish susceptibility maps in landslide prone areas, based on a
detailed analysis of SPOT data. The methodology in now well estab-
lished and makes use of both archive data collection and SPOT deri-
ved information using a DEM. Various thematic files are introduced
into a GIS: drainage density, slope classes, illumination, discontinui-
ties density, head scarp ol flow. Kthotogy, land use. A weight is assi-
gned to each item and a statistical analysis is performed by the SY-
NERGIS software Io produce a global map of risk or hazard suscep-
tibility. A more deterministic approach has been applied by geologist
of the Pierre et Marie Curie University (structural geology unit) in
Peru in the Nevado Sabancaya Volcano area Io study risk factors of
lahar occurrences (ashes and mud Hows) in Ihe nearby Valley of Rk)
Colca.
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Apart from the lives lost, forest lires are also an ecological disaster
since they destroy land scapes, wilderness areas and wildlife. In
Southern Europe, several hundred thousand hectares ol Mediterra-
nean forest are destroyed virtually each year. Preventive measures
and contingency plans can be drawn from information extracted from
SPOT data on plant communities, stands combustibility, morphology,
slopes, access roads, drainage network, information which are
cross-correlated with local weather data. The technique is well illus-
trated by the sensitivity maps produced by Euro-sens Betfolop
(Belgium} in the Agueda region of Portugal in the frame work of the
European Corine project.

In the field of flooding we can mention the project carried out with
SPOT data in the framework of the International Action Plan for
Flood Control in Bangladesh. This programme was set up after the
disastrous 1987 and 1988 floods which prompted the Bangladeshi
government to undertake a comprehensive review of flood policy and
flood protection measures under an international effort coordinated
by the World Bank. A first feasibility study was undertaken by France
leading to a first 5 year phase to control flooding by embankments
and to develop agriculture with an extended irrigation scheme. Seve-
ral tens of large international companies from various countries are
participating to the programme from feasibility studies to implementa-
tion of civil works.

There is no reliable or up dated maps in Bangladesh. In addition,
due to the flat physiography the river courses are modified each year
with monsoon floods and shift in river pattern can reach several kilo-
meters. N was therefore decided to produce a complete coverage of
the country with SPOT imagemaps at a scale of 1:50,000. Images
were acquired in 3 months and the 217 imagemaps produced in 6
months. The exercise will be repeated several times during a five
year period along the main river courses in order to modelyze the hy-
drographie pattern behaviour. The imagemaps win be used as an ac-
tualized geographic data base for implementation studies. Beside
the short production lime, the project was achieved at a cost of 5
US$persqkm.

Finally, beside these fast breaking phenomena, SPOT is perfectly
adapted, as a satellite based system, to monitor slow breaking natu-
ral disasters such as drought prediction or desertification process.

3. DAMAGE ASSESSMENT

In case ol disaster, the assessment of impact and damages is vital to
undertake relief measures or on the longer term for recovery plan-
ning or indemnities distribution. In remote areas, satellite images are
often the only means of investigation.

Timely data, thanks to SPOT high revisit capability can be acquired
after an accident, although some natural hazard occurrences are not
favourable to obtain doud free images (flooding, cyclone). However
information can usually be rapidly obtained Io assess damage ex-
tension. The technique is routinely used in France for instance to
quickly evaluate bush or forest fires extension.

A striking example is given by the study conducted by the Depart-
ment of Scientific and Industrial Research of New Zealand after cy-
clone BoIa stroke the East Cape region in the Northern part of the
country between 6th and 9th of March, 1988. SPOT Panchromatic
data were used to evaluate the magnitude of soil degradation cau-
sed by heavy rain falls in order to indemnify land owners. Extension
and localization of damages, mainly landslides and sediments trans-
port, was computed by digital analysis of differences which had oc-
curred between a 1986 SPOT image (the most up dated available
document at hand) and a second image taken few days after the dis-
aster. 51 days after the cyclone, results of damage assessment were
handed over to Valuation Co. in charge of working out indemnities.
Operation cost was reduced by a factor 4 according to DSIR estima-
tion.

More recently, SPOT data have been extensively used to evaluate
the extension of damages of the Pinatubo volcano eruption in 1991
in the Philippines, the impact of oil wells fire in Kuwait or to monitor,
also in 1991, the behaviour of the severe algae bloom along the
Adria-
tic coast of Italy.
In the case of slow breaking phenomena such as drought, SPOT da-
ta are used as an intermediate level of observation, between ground
survey and large coverage, low resolution satellite data (AVHRR) for
impact assessment and monitoring.

Damages to crops in Southern France, after a 2 year drought, have
been evaluated this way. Currently, the Aral sea or the lake Chad
desertification processes are also monitored with the help of SPOT
data.

4. DISASTER RELIEF

In the event ol a fast and severe sudden phenomenon, SPOT data
are difficult to use for disaster relief purposes because the time nee-
ded Io acquire and process data is to long to be efficient at very
short term (a minimum of 3 to 4 days are necessary, assuming that
weather conditions are good).

But relief measures and preparedness can be strongly improved, in
areas at risk, by establishing, well in advance, contingency studies Io
plan preventive means and measures in case ol occurrence. These
documents are particularly useful to authorities responsible for ma-
king decisions to anticipate and plan emergency actions according to
actual situation and prevailing conditions. Contingency plans are al-
so used for modelling and simulation.

An example of the technique i s given by the study carried out by
IFREMER in the Manakam delta, Kalimantan, for oil
spill prevention. Although this case refers to man induced accident, it
applies as well to natural disaster occurrence. The study is composed
of an environmental sensitivity map graded according to vulnerability
and supplemented by a contingency plan based on vulnerability and
human, economic and strategic factors. The cartographic document is
designed to operationally help make decision for site protection, allo-
cation of human and material emergency for pollution control, deploy-
ment of resources and rehabilitation planning

5. CONCLUSION

Adequate ground resolution, worldwide coverage and timely data ac-
quisition are SPOT key features to gather valuable geographical in-
formation to be used in natural disaster prevention and mitigation and
for damage assessment. SPOT data are specially useful for preven-
tion studies to compile risk and vulnerability maps and to prepare con-
tingency plans. Damage assessment is also rapidly completed for
phenomena involving large surfaces.
As a powerful source of knowledge, SPOT is one of the means at
hands to try to prevent a natural hazard to become a disaster. .

V V
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AEROSPACE MQNITORINB FOR ECOLOGICAL HAZARD AND DISASTER MITIGATION

Vinogradov, B. V., Frolov, D. E.

MAB WS AeroSpace Methods, Severtzov's Institute, Russian Academy of
Sciences: 33, Leninsky pr. , Moscow, 117071, Russia

ABSTRACT

The most reliable instrument for
regional disaster monitoring is an
analysis of repeated aerial and space
surveys during the long time duration (no
less 10-30 years). The mathematical space
-time distributed modelling of long-term
dynamics of suspected hazard regions
revealed the areas of ecological risk,
formed the normative ecological
forecasting, indicated the non-stability
years of economical turning points, led
to the dynamics optimization and
management. This advanced technology is
pictured on examples of long-term
experiments on soviet space probes during
1970-1990 over disaster Amudarya (Aral
sea environs) and Kalmykia (Caspian sea
environs) regions. Firstly, we used
technology of trend analysis. F. e.
aerospace monitoring of expansion of
drift sands over the Kalmykia
(N. E. Precaspian lowland) during 1954
-1984 was approximated by exponent
function the decision of which permited
to predict the full disaster degradation
to 1982. Than, more advanced technology
was based on system approach using
Markovian chains that permited to
forecast the land desertification over
the Amudarya delta to 2010. The
verification of such forecast revealed
the error near 10% for 5 predicted years.
Operations over models based on the space
supported dynamics models revealed the
non-stability date of turned points which
fall on the beginning of 1970s. Finally,
we developped the format of the Dynamic
EcoGeo Informât ion System.

1. INTRODUCTION.

At present time the regions of
ecological disastrs occupy large area In
the Russia, for instance, they cover at
least 16-18% of the whole area. The
damage from ecological disasters and the
loss from post-disaster fight against
consequences of ecological disasters
exceed the cost of the preventive
measures and the expence for nature
preservation by 2-3 times and more,
sometimes by 10-20 times. The main
advantage of aerospace monitoring for

ecological hazard and disaster mitigation
consists in detection and monitoring of
disasters with minimal time of lag, by
one side, and in probabilistic and
normative prediction of ecological
disasters, by other side. Thus, the
studies of disaster phenomena have a high
scientific interest as at present time
the "smooth" trends and stochastic
dynamics are replaced by bifurcations and
catastrophic shifts.

By origin we differ four disaster-
classes, which request the specific
monitoring techniques.

1. Natural disasters are both
geological - landslides, earthquakes,
etc. , and biological - plant deseases,
pests, natural forest fires, and
climatological events - droughts, storms,
frosts, etc.

2. Anthropogenic natural disasters
include the areas whw1 natural
disasterous processes are accelerated by
human activity. This disaster class is
the most widespread, that is
desertification, soil erosion,
<1«forestation, etc.

3. Natural anthropogenic disasters
cover the environmental damages caused by
accidents in water constructions,
chemical plants, sewage disposals, etc.
i r if 1 uei io ing on surrounding*.

4. Anthropogenic (technogenic)
disasters, which are very dangerous for
man, but not cause essent ial damages to
sur i oui id i rig natural and modified
euosyst .;ms.

Anthropogenic-natural and
-anthropogenic phenomena have
greatest interest for aer
ideological monitoring. In monitoring of
disasters the high difficulty is to
define the notion of ecological
catastrophe (Réf. 3, 9, 14, 15, IR). Fy
coi rect definition (Réf. 1), "catastrophes
are leap- formed changes, appearing in the
form of sudden response of the ecosystem
on smooth changes of outer oond i t i ons.
Catastrophes describe the formation of
discrete structures from continious
ones". Besides philosophical notion, we
use Lite practical approach to definition
of ecological catastrophe. It is rapide
shift of the environment (more than 4% of

the
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area per anhum) with practically and
economically irreversible, at least
during of life of one generation (namely
near1 "5 years), ecological changes.

\W*

1 >

2. ECOLOGICAL
SEQUENCES.

DISASTER CASES AND

Remote sensing technique is used on
all stages of monitoring: on predisaster,
disaster, and post-disaster (Réf. 2, 4 -
8).

On pi e-disaster stage we observe the
"smooth" dynamics, the long-term trends
within the ecological nonstable areas,
and compile the maps of risk of
ecological hazards.

On disaster stage we detect
•doci'Jetits and survey the areas subjected
to disasters with minimal time lag.

On post-disaster stage we survey the
sequences of disasteis, volume of damage,
and effects of restoration.

We have a special operational mobile
laboratory for field testing and for
larg-1 scale aerial photography during
,IffHI-I inn arid monitoring of ecological
sequences from some natural-anthropogenic

DisAsterous damage to sandy soils
ficwi overgrazing, ploughing-up, and
wind erosion in Kalmykia, and
Dagestan districts; Disasterous
damage to chernozem soils from water
erosion in Orel, and Belgorod
di^h int-5, the Central Russia;
Disasterous damage to turf soils
from ploughmg-up and wind erosion
in Pnpyatsky district, Belarus';
Dangerous damage to forest, cover
fiom complete timber cutting in Komi
district, the North-Western Russia,
e to. ;

and some anthropogenic-natural disasters:

Damage to surrounding pine forests
from accident on Chernobyl'sky
Atomic Electric Station; Damage to
agricultural lands from break of
Barabmsky, Karakumsky water cariais;
Damage to forest and range lands
from break of pipelines in
•Tyumen'sky, Krasnovodsky districts;

3. ECOLOGICAL DISASTER PREDICTION.

The greatest interest is a
[•!•edict ion of ecological disasters,
-•-pecially n̂ t hi opoge ru c- natural, where
• iegradation processes are accelerated by

activity. In these case*, the most
reliable foundation for ecological
forecasting is the mal henat teal modeling
of ecosystem dynamios. Analysing these
models we could find the critical times
of turning-points on ecological trends or
the non- stability points on the phase
space of complex ecosystem changes.
Below, we will show such base models on
example of disasterous desertification in
Black Lands Study Area, Kalmykia, the
North-Western Precaspian lowland during
1954-1984 using sequential aerial and
space photographs.

3.1 TREND ANALYSIS

Analysis of long-term changes of
remotely sensed features of the
ecosystems permits to reveal the dynamic
trends. Tacking of the first and second
derivative of trend equations we could
find the main indicator points, namely,
limit admissible disturbance level and
disasterous disturbance level.

One of the most important object ives
of aerospace monitoring in the USSR has
been to assess ecological disasters over
the sand hills of the Black Lands. This
ecological disaster phenomenon is related
to severe desertification process, which
had monitored with the sequential aerial
(from 1954) and space (from 1970) surveys
(Réf. 11, 12). Firstly, the set of
sequential surveys of 1954, 1958,
1961-1963, 1970, 1976, 1979-1981, and
1984-1985 were used to describe the
non-linearity of the desertification
trend [Fig. IJ.

Using these sequential data sets we
calculated the trend of area increase of
drif sands area (X) as a function of
disasteroub desertification with current
time (Y) which was expressed by exponent
equation Cl]:

X = a exp (k Y) [11,

where a is the area of drift sands during
a stable state within the ecoregion from
1946-1954, k is a parametr describing
linear acceleration which is specific for
the study area.

100.

80.'
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40!

1950 1960 1970 1980 1990 2000
t, years

Fig. 1. Disasterous dynamic trend of
relative area (S, %) of drift sands with
admissible (* the beginning 1960s), limit
admissible (** the beginning of 1970s)
aniAlsa?terous (*** the beginning of
1980s) levels of disturbance in Black
Lands Study Area, Kalmykia, where -- ia
observed state, ++ is predicted state.

Analysis of the desertification
trend using the first derivative permits
to divide it into three dynamic stages.
Toward the end of the 1950s and the
beginning of the 1960s the ecosystem
state was stable, the area of drift, sands
did not exceed 5% of the whole area, and
the increase of sand area was less than
0.5% per annum. Then, by the end of the
1960s and the beginning of the 1970s the
?£ea,r<y0f ̂ drift sands was increased to10-15% of the whole area, with increment
in the order 1-1.5% per annum. In this
time an area of drift sands exceeded the
limit admissible level. Finally, in the
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end of the 1970s and the beginning of the
1980s the area of drift sands reached 40-
45X of the whole area, with increment
exceeding 3-4% per annum, i.e. 40 000 ha
per annum. Desertification has reached a
disastrous level.

3.2. NON-STABILITY ANALYSIS

The best approach to ecological
catastrophes prediction is space-
distributed dynamic modeling of the large
ecosystems. The most comprehensive study
case is the long-term aerospace
monitoring of subdesert»sand hills region
Black Lands in Kalmykia on the
Northern-Western Precasp i an Env i rons.
There the comparison and analysis of
successive 6 times of surveys during 1954
-1984 (Réf. 10, 13).

Despite of this detail and correct
description of long-term the area changes
for the ecosystems in the Black Lands we
do not know the critical disaster time of
radical and irreversible transformations
of regional ecosystems set. This
transformation may leap to disastereus
ecological sequences in the future. Also,
it is necessary to determine the economic
changes which related to these
disasterous changes over time.

For describing of this critical
disaster time we used an approximation of
the ecosystem dynamics in the terms of
Markovian chains theory. Firstly,
transition matrices of one ecosystem to
others were calculated using data
provided by multi-year aerial and space
surveys. Then, the stationary
distribution of areas of the ecosystem
classes were calculated for each
transition matrice in strict sequence:

S*. IS*(1), S*(2), S*(3), S*(4>] £2],

The stationary distribution defines the
final ecosystems state, i.e. in the
stable state where common areas of
ecosystem classes do not change in time
although transitions between sites is
possible. Any Markovian chain has a
stationary distribution of transition
probabilities and stable probabilities in
each state (in our case, the probability
of each site in the i-th state correspond
toareaS*(j) of i-th ecosystem [41).
Stationary distribution of ecosystem
areas S*(i) answers the next constraints:

3*(n) - S*(n) x M(n) [3],

where M(n) is a matrix of transition
probabilities during time interval a

For evaluation of the state of an
ecoregion and for study of transformation
processes which stands for transition
from one stable state (subclimax before
1954) to another (bad lands after 1992)
we used a regional non-stability
coefficient E:

E - Ul,

where S(j) is an area of i-th ecosystem

classe as derived from aerial and space
surveys, S*(j) is an area of j'-th
ecosystem classe as revealed from
stationary distribution. A non-stability
coefficient (E) points to the relative
area (in %) of the study region, which
should be changed to reach the
quasi-stable state. This corresponds to a
matrix of transition probabilities during
a given study time-interval. A dynamic
surface of & as an expression of maximum
reduction in area was found for
time-interval between surveys of 1970 and
1979-1981. Apparently, this maximum E is
related to the middle of decade, i.e.
1974. This critical year is a
turning-point when the changes in the
ecoregion became irriversible and
bifurcation is developping. After this
growth of non-stability was complete,
succession led to second stable state
where the greatest area of the ecoregion
occupied with drift sands and bad lands.

The ecosystem succession is
influenced by desertification, and
coefficient E was calculatedto describe
the excessive growth of livestock
populations. The main cause of the
ecosystem dynamics over the Black Lands
is overgrazing of livestock which has
increased during the last 30 years from 1
million to 4 million and more. From 1972
to 1974, for example, 0.55 million head
of additional livestock were imported.
After a short population reduction in
1969 the population growth by 1974
reached 0.7 million per annuum. As a
response, there was an inrease of high
impact on exhausted pastures. The most

depression of livestock
on 0.3 million was observed

Then, the livestock
in next few years

with small depressions of
(by 3r6%). By examining the

dynamics of livestock populations and the
area change relationship of ecosystem
classes we calculated the conditional
impact on the pa^tur*» ecosystems 6(t):

S(t) x FU)
S(t) [5],

CU)

where SU) is a-vector-row of area of the
ecosystem classes, Fit) is a weight
coefficient of production capacity of the
ecosystem classes, CU) is a livestock
population, t is time. The phase space of
the ecosystem dynamics is drawn in the
phase coordinates E, B, and t (Fig. 1).

Analysing the phase space we were
able to reveal the time of structural
reconstruction over the study region,
viz. 1974-1975. Then, with these data we
could draw the curve B*U,E), which
describes the limited admissible impact
on the ecosystems depending on location
of this curve in the phaOe space of the
ecosystem dynamics. Retracing all
possible tracks of the regional dynamics
in the studied phase space we are able to
select the tracks that led to disaster
consequences. In contrary, if the impact
on the pastures would were to stay stable
at the approximate level formed in the
1960th, the track of the regional

i mportant
population
during next 2 years.
population increse
alternating
population
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Fig. 2. The phase space of the pasture
ecosystems dynamics over the Black Lands
with coordinates: E is a non-stability
coefficient, B is a livestock impact on
ecosystems (thousands of heads), t is
time (years). Maximum of E falls on time
(1974) of turning-point of the ecosystem
dynamics what predicted ecological
disaster before 10-15 years.

dynamics did not intersect the curve of
the maximal impacts B*(t,E). In this case
the disaster transformation of ecosystems
would not have happened although
coefficient E had reached high values.
The restauration of degraded ecosystems
in the last case would be more easy to
work with now. Hovewer, if increased
impact on pasture ecosystems over the
Black Lands would have reached a
turmngpoint earlier, then the
relationship among phase coordinates
could be plotted on curve of maximal
impacts B*(t,E).

Based on the above described
quantitative analysis of the long-term
aynanics of pasture ecosystems we can
conclude that the sharp rise of livestock
population during 1972-1974 was the
turning-point of trend of the regional
dynamics over the Black Lands. Thus,
excessive growth of livestock population
in the region without considering
raneeland carrying capacity predetrmined
the destructive concequences of
present-day rangeland degradation within
one of the most ancient of livestock
region still in 1975. Following more
moderate and rational land use policies
it would be possible to avoid these
disaster consequences. FinailIy,
analogous procedure could use for
prediction of turning-points in time of
critical stresses on ecosystems under
human impact over vaste regions.
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ABSTRACT

Spaceborne observations became inevitable one of the
most important sources of information on the thermo
dynamic and dynamic .state of our climate system. They
further identified many particularities and processes
within the climate system which never could be observed
with ground-based systems and are usually not detected
by models until their processes are brought in. While
there seems to be almost no other than financial problems
to built up a comfortable spaceborne global observing
system, the analyses and uses of the presently available
data and of in future expected streams of them provides
larger difficulties. These show up in particular in the
present weather forecast schemes, but also in the data
interpretations themselves. Despite of these uncertainties
and of some improvements one might expect in ground-
based systems, the observations from aboard earth-orbit-
ing satellites will form the major backbone for research
and applications in meteorology and climatology.

1. Introduction

The demand of the world's economy for more accurate
analyses and forecasts of the weather and climate of our
planet increased drastically. More accurate forecasts of
tomorrows and the next season's weather are required in
many respects: urban planning, traffic, agriculture,
forestry and even the industry call for accurate details on
weather and climate developments. Climate forecasts, in
particular with the expected increasing of the Greenhouse
forcing gases CO2, CH4 and others, are now the basis for
plans for the future world's energy supply. Even still not
accurate and reliable in all details, they help to open the
world's opinion for our immediate and longterm environ-
mental problems. One of them is related to the expecta-
tion, that the ozone layers will be destroyed by increasing
CFC's. Another is the availability of water in a changing
world, when climate variations alter in particular the
water supply (e.g. Houghton et al., 1991).

These demands call for highest accuracies in analyses of
our weather and climate, now and in future. They can
only be met when observations are globally available to
identify as well the thermodynamic and dynamic «tales of
our atmosphere and various properties and processes at
the surface as the manifold of processes within the climate
system.

Since surface-based observational systems can never
supply these vast amounts of required information, they
must be deduced from satellites. Two major problems

• Extraction of required information from space-based
data and their verification, and

• Assimilation of such information into analysis and
forecast schemes, to overcome several gaps in infor-
mation (e.g. the temporal changes of various pro-
cesses, and their insufficient image in measured satel-
lite data).

There are also major problems in the various programmes
and projects, such as the WCRP and its many subpro-
grammes, which must be solved in a way that in the very
near future that such analyses and process studies can be
done in "almost real time". A challenge also occurs for the
world's industry for data transfer and information
systems.

In this paper we shall concentrate only on the climate
system from the troposphere down to the ground and
leave out all middle atmospheric processes and their
importance for the climate at ground. This brief review
cannot replace more extended reviews and original
research reports on this subject.

2. Some examples of presently available spaceborne
information for the weather analyses

Weather and climate on earth are best described by the
thermodynamic and dynamic states of the atmosphere,
some surface properties and the energy (and water) trans-
ports in the atmosphere and their exchanges at the earth's
surface. Thus a large canon of information must be
collected - at present, it must deduced from passive multi-
spectral imaging and sounding measurements of the
electromagnetic radiation leaving from earth to space.
The available electromagnetic spectrum ranges from the
visible to the microwave region. Quite recently also imag-
ing radars and the scatterometers onboard the European
satellite ERS-I contribute more information (and difficul-
ties for many weather services to use them). We can in
this paper only report on some of them.

P'oceeomgs of the Central Symposium ot the International Space Year Conference Held in Munich Germany. 30 March-4 April 1992
itSA SP 341 JuI-,- /992)
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2.1 Thermodynamic properties of the atmosphere and
surface

These are described entirely by the temperature fields,
and the fields of water vapor and clouds, where the latter
modify considerably the redistributions of energy by
radiation and precipitation.

Temperature retrievals may reach now uncertainty rang-
es between 0.5 K (at the ocean surface) and 2 K (in the
cloudy atmosphere), where the vertical resolution of
vertical soundings is often worse than required when
iversion layers are present. These temperature retrievals,
if not initialized and smoothed properly may often even
"worse" the results of numerical, weather forecasts (e.g.
Andersson et al., 1991; Puri et al., 1990).

The situation is still much worse in observations of the
three-dimensional fields of atmospheric water content.
The present water vapor sounders, measuring in the
infrared or microwave regions, may provide highest ac-
curacies only for the water content in the lower
atmosphere, where it is in most cases anyway highest.
Cloud water amounts are now being deduced from avail-
able multispectral measurements - and even an identifica-
tion of the thermodynamic phase in the top layers of
clouds is excellently possible. Examples are shown quite
often in the literature - the ISCCP products and also there
individual studies need thorough verification by direct
measurements. None of the field campaigns of FIRE and
ICE have yet provided sufficiently good data sets for
these purposes.

2.2 Atmospheric wind fields

Models determine the extratropical tropospheric wind
fields in many cases quite accurately. Errors are due to
low spatial resolutions and various parameterization
uncertainties. They occur in particular for subgrid-scale
phenomena (e.g. local storms, polar lows, etc.) m the
tropics (where thermal and pressure gradients are ex-
tremely small) and in the upper troposphere. Considera-
ble improvements in forecasts and analyses have been
demonstrated in various examples (Thoss, 1991) when
small "satellite-winds" or cloud-motion vectors are assim-
ilated. Such cloud motion vectors can be derived from
successive images taken by geostationary satellites, in
particular over the tropical belts, where the Coriolis forc-
ing becomes negligible. Further improvements should be
possible only if back-scatter Doppler-lidar could be
placed into orbit and operated over economically long
time periods. We are not shure, that such systems feasible
in space already in this outgoing century.

2.3 Various relevant properties of the surface

For analyses and forecasts of the weather ("meteorology")
various surface properties should be known - with differ-
ent degrees of priorities as far as they effect the transport
of energy and momentum. Of upmost importance might
be the significant wave-height over all oceans and coastal
seas, which is directly linked to the mean wind speed
with the atmosphere adjacent to the surface (i.e. - 10 -
20 m thick layer). Such measurements are now provided
by the satellite ERS-I.

Furthermore, observations of the sea-ice extent and of
continental snow cover are possible - these quantities are
required to calculate the heat transfer from the ocean and
land surfaces, respectively, into the atmosphere. Conti-
nental surface albedos and vegetation coverage (e.g. vege-
tation index) can now routinely be monitored from space
and included into models and analyses.

Within the scope the international programmes GEWEX,
ISLSCP, BAHC and others, there are attempts to derive
also from satellite-based measurements of the surface
temperature vertical fluxes of heat and moisture into the
atmosphere, assuming (ad hoc ?) the surface moisture.
Such attempts might be more successful over the oceans.
But in both cases, over continents and over oceans very
careful validations are necessary which can only be made
with carefully designed field measurements. From space
the most accurate measurements can be made of only one
surface property, the surface temperature (CT: ± 0.5 -
1.0 K) - but only under the conditions of dear skies.

3. Other information for climate research

Climate, the "statistical behaviour" of daily weather prop-
erties, can already be described by proper analyses of the
above-mentioned quantities, which are needed for the
daily weather analysis and forecasts. However, there are
more parameters, which may not be required for the
weather forecast rather than for analyses of our climate -
i.e. the statistical behaviour of our environment, in par-
ticular as a possible response to internal and external forc-
ings. They describe in particular components of the ener-
gy and momentum transfer in our climate system
(GEWEX!).

3.1 Radiation budget parameters

Measurements of the components of the planetary
radiation budget have been made in various attempts
since the beginning of the meteorological satellite age,
1960 (Raschke, 1972). The best data sets have been ob-
tained so far from the ERBE for the period 1984 to 1988,
where multi-satellite measurements with almost identical
instruments contributed to minimize the diurnal sam-
pling problem. These measurements will be continued in
1993 and further-on with the French-Russian-German
radiometer ScaRaB - and a few years later by the succes-
sor of the ERBE, the American experiment CERES
(Barkstrom et al., 1989).

Analyses of ERBE and earlier radiation budget data have
been used quite successfully to identify quantitatively the
effect of clouds on the radiation budget, as cooling the
planet over most regions. These methodologies can also
be applied to the results of numerical climate models to
test their results (see intercomparisons, made by Cess et
al., 1990). Now also several projects are underway to
determine the surface radiation budget parameters from
satellite data with succeeds for the solar components,
while in the infrared one is lacking in information on
cloud-base and surface (over continents only) tempera-
tures. Hybrid techniques with satellite data assimilated
into numerical weather analysis models would be more
promising, than pure satellite data analyses.
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An operational inventory of cloud systems is now made
within the ISCCP (Rossow and Schiffer, 1991). It covers
already a time period of more than 5 years and will be
extented until the end of this century.

Other energetic climate parameters, such as sunshine
duration or the amounts of diffuse downward solar
radiation at ground can also be derived from satellite
data. No further problems occur to measure sea-ice and
ground albedo changes.

3.2 Precipitation

One most important quantity, the precipitation (probably
to be defined in amounts of water reaching ground with
certain time intervals: the rain rate), is still awaiting more
accurate measurements from space then now possible
with passive infrared and microwave radiometric infor-
mation. Therefore, within the WCRP majpr emphasis will
be paid to the hydrological cycles (GEWEX: Global
Energy and Water Cycle Experiment). The "rain radar" in
space, as anticipated for the satellite TRMM, will definite-
ly bring more information for the moment of measure-
ments. But still ground-truth and the time sampling
problems are to be solved, i.e. there is an urgent need to
measure precipitation over continental and selected ocean

In this present states climate models still predict precipi-
tation with larger uncertainties than allowable for esti-
mates of climate change impacts (see intercomparisons
made by Boer et al., 1991).

4. Some final remarks

Despite of the wealth of already available information
from satellite measurements, we still lack in efficient and
accurate methodologies to derive from them the quanti-
ties describing the weather and our climate - as required
to improve our understanding of the earth's climate and
its reactions to internal and external forcings, and for
many applications ranging from the daily or day-to-day
needs to long-range climate impact studies.

Probably some major problems exist in this field:

• No approval has been possible up to now on the use-
fulness of presently available satellite temperatures to
improve the quality of weather forecasts (apparently
only assimilated moisture and cloud information -
and to some extend winds as well do improve this
situation).

• The hydroiogical cycle, in particular cloud parameters
and even more important the precipitation, is still
insufficiently covered with present and even future
observations. This one of the major obstacles to model
and also measure even the pèsent climate.

• Major breakthroughs are necessary to make available
all related climate and weather data - inclusive those
of satellites - to the research community.

One major recommendation must be given to this ISY-
congress: The fruits of space technology can only be
harvested when major investments are made into data
analysis techniques and verification studies of the results.
This principle is still overlooked in all space programmes.
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REMOTE SENSING OF NON-RENEWABLE RESOURCES
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ABSTRACT:

Remote sensing in geological and mineralogical sciences and
applications is an important tool and reached in many areas an
operational status within manifold geoscientific methods. It
embraces geoscientific research and thematic mapping in
general, geology, geochemistry, mineralogy, tectonics,
pedology, hydrogeology and volcanology. The prime aim is to
apply satellite remote-sensing methods operationally in the
exploration of metallic and non-metallic mineral resources and
hydrocarbon deposits, in engineering geology, in ground-water
supply studies and in geological-hazard assessment such as the
surveillance of volcanic activity and erosion and earthquake
damage.

Keywords: non-renewable resources, optical-, microwave
remote sensing.

1. APPLICATION OBJECTIVES

The tracing of geological and mineral resources depends on
spectral signatures derived from characteristic chemical and
physical properties of surface exposed rocks and soils and
heavily on secondary indicators, such as vegetation changes and
vegetation stress, and soil characteristics, such as soil moisture.
Subsurface geological units and geochemical, mineral-deposits-
dependant anomalies are traced by surface phenomena and
changes.

* general geological, tectonic and geomorphological mapping
* mapping of drainage and erosion
* mapping of vegetation as a secondary indicator
* lithological mapping
* pedological mapping
* spectral signatures of minerals, rocks and soils
* geochemistry and soil chemistry
* mineral exploration
* hydrocarbon exploration
* ground-water exploration
* exploration of geothermal anomalies
* monitoring of soil contamination
* monitoring and assessment of sand and debris

transportation
* hazard assessment and monitoring

The main goals are thence an increased scientific understanding
of geo-processes and the development and promotion of
economic and commercial applications related to intelligent
handling of available resources.

2. OPTICAL REMOTE SENSING

The spectral behaviour of vegetation in the visible and near-
infrared varies significantly compared with that of bare rocks,
with a strong chlorophyll absorption band between 0.5 and 0.65
(im and maximum reflectance occuring at 0.7 (Jm. Here
especially vegetation stress is an important secondary indicator.
The detection of Fe2+ and Fe+ constituents in sparsely or
nonvegetated areas due to the Fe absorption at 0.87 jam is
significant.
Extending the spectral range towards the short-wave infrared
gives an additional ability to differentiate surface materials. The
atmospheric windows at 1.6 and 2.3 \un have been proved by
thematic mapping to be effective. The 1.6 urn region produces
the brightest reflectance for most rock surfaces. The 2.0 - 2.5
(am range is of great importance for the reconnaissance of shale,
micas and carbonates,

COMPARISON OF THE HEASUREHENI CAPABILITIES OF THE SEVERAL SCANNER SYSTEMS

AND THE REFLECTIVITY PROPERTIES OF COMMON SURFACE MINERALS

WAVELENGTH, ji

Within the emissive portion of the spectrum, the region from 3 -
15 |am contains the diagnostic spectral bands. The region from 3
- 5 Um contains diagnostic spectral bands suitable for nitrates
and sulphates and is more suitable for registration of high-
temperature phenomena, such as volcanic activitiy or fire
hazards, than the 8 -14 (am atmospheric window.
The infrared region beyond 8 M"i is especially important for
geological mapping, because spectral emittance variations
provide a basis for distinguishing between silicate and non-sili-
cate rocks and between the various types of silicates and
carbonate rocks.

Proceedings of the Centra/ Symposium of the 'International Space Year' Conference, Held in Munich, Germany. 30 March-4 April 1992
IESA SP-341. July 1992)
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Physical properties to be measured to meet the objectives for non-
renewable recources applications

Indicators Characteristic physical
quantities

Measured physical
quantities

* spectral properties VIR/NIR/SWIR spectral ratios

* thermal properties/ day/night thermal ratios
thermal inertia

* texture microwave backscatter coefficient

* topographic properties differences in topographic height
(height, shape, position)

* mulmemporal changes in
vegetation

* dielectric and geometrical
properties

VIS/NIR/SWIR/TIR
relative grey values

VIS/NIR/SWffi
absolute radiance

backscauered microwave
intensities

parallaxes by measuring
differences in visible
gray values of the same
object observed under
different observation
angles

1

Parameters of soil and rocks to be measured
for non-renewaole resources

SOIL AND ROCKS

detection of characteristic absorption features of minerals in soils and rocks,
determination of soil moisture, organic matter
structural analysis
determination of surface roughness

Parameters, Objects relevant spectral range optm. spectral resolution

charac. absorption features
of Fe-bearing minerals e.g.
-Hematite
-Goethite
rare earth elements

soil moisture

weak absorption features
of Carbonates e.g.
-dolomite
-calcite

VIS/NIR: 400-1400 nm

470,650, 920 nm
480,650,950 nm

500,580,730,800 nm
SWIRl: 1500-1850 nm

1740 & 1860 run
1760 & 1880 nm

SWIR 2:2000 - 2500 nm
charac. absorption features of
Co^" and OrT groups of
carbonates and phyflosilicates,
detection of hydrothermal alterations
and clay minerals
e.g. intensive carbonate bands
-calcite ca. 2320 nm
-dolomite ca. 2310 nm
e.g. AlOH- bearing minerals
-kaoli.iite, mu.sccyne 2200 nm
e.g. MgOH- bearing minerals
-talc, serpentine

-silicate, nonsilicate
-quartz contents
-limestone, dolomite
-water and rock temperature

2300 nm

TIR: 3 - IS urn

S-10 urn
10.5 - 12.6 \im

MICROWAVES: 0.3 -100 cm

•structural analysis
•water contents X (2.4 - 3.8 cm)
surface roughness C (3.8 - 7.5 cm)

-dielectric properties L ( 15 - 30 cm)
-vegetation and subsurface penetration

10 nm
10 nm
10 nm

<50nm

10 nm
10 nm

10 nm
10 run

10 nm

10 nm

requirements for radar

multi-frequency
multi-polarisation

(mult-incidence angle)

^-»*
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Evaluation of Imaging Spectrometer data emphasise their great
importance. On the basis of such data, more diagnostic
differentiation of geologically relevant phenomena are proved
by many airborne campaigns.
Stereoscopic information about the positions of lithological
units is essential for the mapping of non-renewable resources.
The spacebome stereoscopic data need to be available in digital
format to allow the construction of digital terrain models.
When merged with multispeciral multi-sensor data for
geological applications these stereoscopic data can be used very
effectively for:
- preparation of medium- to small-scale thematic maps

employing the three-dimensional information (conventional
geological photo-interpetation)

- correction and thereby improved quantification of
multispectral data depending on different relief-bound
illumination conditions

- merging of multispectral stereoscopic data with SAR data for
further scientific investigation of the geological interpre-
lability of microwaves.

The combination of remote-sensing data with geo data from
other sources (geophysical, morphological and hydrological)
using Geographical Information Systems (GIS) for different
geological, soil and mineral applications has given excellent
and hence very encouraging results.

IMULTISENSOR AND MULTIDATAASPECTS |

GEOGRAPHIC INFORMATION SYSTEM USING AND

SUPERIMPOSING DIFFERENT DATA

OPTIC

RADAR (aklivc and passive)

GROUNDTRUTHDATA

GEOPHYSICALDATA

gravimetry
magnetic
electric

3. MICROWAVE REMOTE SENSING

The essential advantages of microwave remote sensing are:

- surface-roughness indications
- dielectric properties of different targets/objects
- selectable radar parameters (incidence angle, azimuth

angle and wavelength)
- vegetation- and subsurface-penetration capabilities

Radar imaging provides significant new informations to the
geologists, enhancing joints, faults, shear zones and folded
strata, which may not be visible from optical remote-sensing
data. It can be used to map drainage patterns and determine their
geometrical characteristics. In arid areas, an imaging radar
becomes extremely sensitive to the surface roughness and can
also highlight soil-camouflaged geological phenomena.

However, the usefulness of the microwave range for direct
lithological discrimination has yet to be proved. In addition to
the effects of the radar system parameters, the return signal from
the surface roughness is influenced by the terrain orientation, the
surface roughness of soil and rocks, the complex dielectric
constant, the vegetational cover, and the moisture content and
depth of soil. The tonal characteristics in a radar image will
therefore be of little use for rock discrimination unless accurate
information on orientation of slope facets, humidity and
vegetational differences is available. Quantitative analysis
correlating the strength of the reflected signal with specific
quantitative characteristics of the reflecting surface warrants fur-
ther investigation. Some experiments have already been
conducted to increase the applicability of digital analysis for
accurate image interpretation.

By contrast, active microwave systems have proved to be
effective in structural interpretation, particulary in areas prone to
permanent cloud cover. Airborne X-band (3-cm) radar imagery
is now widely used for interpretation in densely vegetated areas
and areas of low relief. At X-band, most surface materials
appear uniformly rough, so that disturbing cultural and vegeta-
tion density effects are minimised, unmasking subtle
topographic expressions. The low apparent illumination angles
available from spaceborne radar systems also enhance subtle re-
lief.
Longer wavelength radar, L-band (25 cm), is more sensitive to
the natural surface roughnesses. The use of tile packscatter
properties of surface materials to determine material type is
therefore being actively investigated.

ALTIMETRY:

For the surveillance of gravimetric anomalies altimetric
measurements are employed especially for shelf-, marginal and
enclosed seas.

4. EXISTING REMOTE SENSING DATA SOURCES

The images of Landsat 1 - 3 have demonstrated that remote-
sensing methods are an indispensable tool in both scientific
research and purely commercial activities, despite Landsat's
restriction to the visible and reflective infrared region, broad
spectral bands, nonoptimised centre frequencies, and limited
ground resolution. The Thematic Mapper data made available
by Landsat-4 and -5 are beginning to highlight the benefits of
the shortwave infrared bands. The French Spot satellite is
delivering high spatial resolution (20 m muhispectral and 10 m
panchromatic) data for thematic applications for nonrenewable
resources. It is the first scanning system to provide track-by-
track stereo imaging. The Metric Cainara and MOMS-Ol ex-
periments have already demonstrated the high-resolution and
stereo capabilities of thematic mapping for geo-scientific
investigations.

The first spaceborne imaging radar for Earth observation was
launched in 1978 on SEASAT. The imagery that is provided
over land also made land-application studies possible.though the
principel system parameters were optimised for océanographie
surveying. The highly promising data obtained caused a shift in
attention towards the microwave field. The launch of NASA's
Shuttle Imaging Radar, SIR-A in 1981 and SIR-B in 1984, and
the ESA/JRC SAR-580 campaign in 1981 - 1983 reflected the
change of emphasis. ERS-I will carry the first preoperational
SAR.

Imaging spectrometers, multispectral + stereo and
multifrequency, multi-incidence and multipolarisation SAR will
be future sensors on POEM and other free-flyers.

5. FUTURE DEVELOPMENT

To extend the possibilities for the application of remote sensing
data from space and to enable thematic evaluation on a scale of
1:50 000 to 1:100 000, future satellite systems must satisfy the
following user requirements:
- geometrical resolution of 10-2Om
- high spectral resolution using imaging spectrometers
- application-optimised band-centre frequencies and

bandwidths
- extension of spectral bands towards the reflected infrared

range (1.6-2.3 UITI) and the emitted infrared spec;rum (8-12
|im)

- stereoscopic data acquisition
- active microwave remote sensing

(multifrequency/multipolarisation systems ?)
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Development of Earth Observing Sensors for Non-Renewable Resources

PHOTOINTERPRETATlON SIGNATURERESEARCH

q u a l i t a t i v e

previous, operational and
experimental sensors and missions

Since I960 different prorjnimmej :
RADAM BKXOL
SEASAT
SAR 580

DC-S/E-SAR
ERS-I

Geomorphologicil and
tectonic features
Soil moisture ftffcrcnuuor, O

future sensors and missions

WDARSAT POLARMAITORMS
JERS-I SAR

ks multi-rrequency

q u a l i t a t i v e q u a n t i t a t i v e

Aerial Photography
operational use for geology iincc 1920

Undsal-MSS.MC.LFC
since early seventies

Conventional PhotointerpteLiiion
Tectonic research it regional and
continental scale
Qualitative mapping of broad regional
lilbological ind pedological distribution

Landsat-TM, SPOT, MOMS
(J-ERS -1)
since 1982/83

Detailed tectonic and lithologie mapping
Detection and mapping of limited mineral
(Toiips with chaiacteristic absorption
features (Fe and OH bearing)
Mapping of hydrolhermal alterations
Qualitative mapping of vegetation
changes sa secondary indicator for
subsurface phenomena

Imaging Spectrometer
Airborne Campaigns e.g :
MAC/AV1RIS.TIMS
EISAC/GER. FLr. CASt

POLARPLATPORMS
Spacebome Imaging Spectrometers
URIS1MERIS1ROSIS

Semiquantitative tkicciton and identification of
numerous minerals and mineral components
Measuring characteristic spectra) responses in
the VIS through SWIR
Moisture content of soils
Quantitative detection of heavy metal stress
of vegetation

Operational apptiaation
REQUIREMENTS:
high spatial and spectral
lewluilon
no high repetitive rate
(4 times per anno)

These requirements call for missions of the following types:
- multispectral observation, including shortwave and thermal

infrared from several platforms with different ground
resolutions, for complete and repeated coverage of the whole
globe

- Imaging spectroscppy for quantitative assessment
- operatinal SAR missions

(multi-incidence/multipolarisation/multifrequency ?) with
full coverage of land masses and adequate repetition rates

- stereoscopic data
- complex missions to collect spectroscopic, stereoscopic and

radar data
- short term missions with dedicated sensors (Imaging

Spectrometer like HRlS or multispectral stereo sensors like
MOMS) to obtain essential data over selected regions

For non-renewable resources, where phenomena can be
analysed directly only under certain optimum conditions using
either multispectral or backscattered microwave information, a
multi-sensor and multi-data approach for identifying geology- or
pedology-dependant indicators is essential.
A payload combining an optical and a SAR sensor could
provide the optimum operational capability, with the optical
instrument yielding information about the spectral behaviour of
the phenomena/indicators, and the radar giving the
indispensable information on soil moisture, surface roughness ,
penetration and relief.
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ABSTRACT

Earth resources satellite data is
an important tool for geological
research. Imagery, as well as spec-
tral data are widely used in litho-
logical and structural mapping,
groundwater, mineral and hydrocar-
bon prospecting, and in environmen-
tal geological investigations.
Spectroradiometry supports field
and remote sensing work.

Keywords: Remote sensing, geology,
prospecting, spectroradiometry

INTRODUCTION

Remote sensing methods are
generally applied using aircraft or
satellites to fly different instru-
ments which are necessary to obser-
ve the earths surface. In this pa-
per, we focus on the application of
satellite remote sensing data for
geological investigations. We will
demonstrate that the main emphasis
of the geologists' work is rather
in the field of interpretation of
enhanced satellite Imagery than in
the automated feature detection.
Sofar, this approach has been very
successfully followed in the geos-
cientific exploration work of the
German Federal Institute of Geos-
ciences and Natural Resources in
Hannover.

During the 60-ies, geologists
stipulated and advocated for the
launch of earth resources satelli-

tes. The spectacular lunar landing
1969 proved that the previous pho-
togeological interpretation of re-
motely sensed imagery from the lu-
nar surface could be used to select
and analyze a variety of lunar lan-
ding sites. Consequently, NASA's
Earth Observation Programme, stipu-
lated by the US geologists and geo-
graphers Paul Lowmann NASA and A.
Colvocorressis, F. W. "Bill" Fisher
of US Geological Survey and others
became the start of what is todays
LANDSAT programme. It is the most
successful earth resources satelli-
te programm besides the weather
satellites.

Since 1972, satellite imagery
has been widely used in the geolo-
gical exploration of the earth and
the monitoring of geodynamic pro-
cesses, mainly landuse and vegeta-
tion changes.

RENOTB SENSING GEOLOGY

In geology, we are facing the
fact, that most exploitable occur-
rences of groundwater,minerals and
oil are not directly observable at
the surface. Soil, vegetation or
thick bedrock coverage hide valu-
able deposits and very often it
requires a detectiv's work, to col-
lect and re-assemble all the small
evidences which these deposits re-
lease to the surface in order to
come to a better understanding of
the hidden treasures burled be-
neath. Satellite data and imagery
have since long become an indispen-
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sable tool in the work of our pro-
fession. The synoptic overview over
large areas of the land surface, as
well as spectral data of satellite
sensors, directed to the identifi-
cation of specific minerals help to
come to a better assessment of an
area under surveillance and pro-
specting.

There are two directions in
geological application of remotely
sensed satellite data:

concentrations of economic
minerals are usually low and
exceed rarely 10% of mineral
content in the ore.

many rocks are a mixture of
different minerals resulting
in a very uniform multi-
spectral reflectance, if ob-
served by the broad spectral
bands of the currently ope-
rating satellites.

direct observation of speci-
fic reflections or emissions
and

geological interpretation of
satellite imagery.

The direct observation of
specific features is a challenging
task which yields results in a very
short time:

observation of alteration
products above mineral occur-
rences, e.g. gossans and hy-
drothermal alterations near
volcanic or intrusive bodies

geothermal anomalies, hot
steam, hot springs, increase
volcanic activities, offshore
freshwater prospecting

groundwater accumulations in
arid and semiarid areas

identification of industrial
minerals as gypsum, kaolini-
te, and limestone, dolomite,
gravel, granite etc.

identification of oil-bearing
rocks

However, the direct observa-
tion is rather the exeptional case
in our work. There is one very im-
portant draw-back concerning the
direct observation of mineral oc-
currences:

there is hardly the ore expo-
sed in an area large enough
to be detected from space.

From these deliberations it
is obvious that a successful use of
satellite imagery and data for geo-
logical application has to follow a
different approach. In the German
Federal Institute for Geosciences
and Natural Resources (BGR) the
emphasis in remote sensing lies on
the visual Interpretation of satel-
lite Imagery, on image processing
to optimize the images according to
the task ahead, and on spectrora-
diometer measurements of natural
surfaces in the field and in the
laboratory. The combination .of
satellite-image interpretation with
geological field observations, geo-
physical- and geochemical data al-
lows in many cases a better assess-
ment of the mineral potential of an
area as well as an improved pro-
specting and exploration concept.

PROSPECTING

In Turkey, a geological ex-
ploration on gold placer deposits
in the Kagizman area required the
knowledge on the primary occurrence
of gold deposits. From the geologi-
cal mapping of LANOSAT TH imagery
it appears that the ophiolitic
rocks, part of an ocean-floor 70
million years ago, were uplifted
and folded. It forms todays Aras
mountains. Neogene and Quarternary
volcanism, represented in numerous
volcanoes, among them Nt. Ararat
(5.156 m), the highest mountain in
Europe, created shallow intrusions,
which are represented at the surfa-
ce in circular features. From the
specially processed LANDSAT TN ima-
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ges it could be detected, that aci-
dic rocks appear along the circular
features. In the field, veins of
Quarz and Feldspare, so-called peg-
matites have been found which con-
tain primary gold particles. The
genetic hypothesis is that intru-
sions of hot acidic magma remobili-
zed the disseminated gold in the
seafloor rocks, and concentrated
them in hydrothermal liquids. These
liquids moved towards the surface
and cooled, leading to the crystal-
lization of primary noble minerals.
These in turn were later eroded and
transported by rivers together with
gravel and boulders. When the cur-
rents of the river became less vi-
rulent, the gravel and the heavy
gold particles sedimentated, again
leading to a further concentration
in placer deposits.

In Bolivia, the Neogene vol-
canism produced a large amount of
volcanic products, mostly of andes-
itic composition. In places, they
produced sulphidic ores, which can
be traced by processing and analy-
sing LANOSAT TM data. In this case,
my colleagues used 1,4,7/1 (B,G,R)
Images, which clearly outline the
alteration products. However, the
same colour appears in widely dis-
tributed alluvial weathering pro-
ducts, and a careful separation by
visiual Interpretation was neces-
sary, to determine the future ex-
ploration targets.

The search for oil and other
hydrocarbon products is a very cos-
tly and time consuming buisiness,
which can also benefit greatly from
satellite image interpretation and
processing. Structural mapping
using LANDSAT NSS colour imagery of
a 300.000 km area of western Paki-
stan arrived at a structural model
that is completely different from
previous tectonical models. In Bur-
ma, LANDSAT HNS black and white
images were the base for a paleo-
geographlcal reconstruction of the
situation, when the oil-producing
rocks were sedimentated in a shelf-
slope environment some 70 million

years ago.

Mapping can be extremely ra-
tionalized by displaying the surfa-
ce in specially enhanced Images.
Recently, BGR produced the geologi-
cal map of the northern part of Ye-
men, which is now published in the
scale of 1:250.000 in eight sheets.
Based entirely on field verifica-
tion of a visual interpretation of
colour enhanced LANDSAT TN imagery,
of which several different band/
color combinations were used, field
work could be directed into the
Important areas to do the necessary
field checks.

SPECTRORADIONETRY

In Harocco. strata bound sul-
phidic ore deposits in paleozoic
sediments are covered by gossans, a
concentration of limonite with very
specific absorption bands in the
visible and strong reflection in
the 2200 Nm - 2500 Nm region of the
electromagnetic spectrum. LANDSAT
TM imagery have been processed and
displayed in 1, 4, 7/1 mode which
allowed a more precise location of
the gossans than the 1,4,7 stan-
dard-mode (B,G,R). In the field,
spectro-radiometer measurements
have been applied to distinguish
between gossans, limonite coated
volcanic rocks and schiet.

With LANDSAT TM data, the
search for oil-bearing rocks can be
greatly improved. During our work
in eastern Turkey five years ago,
slightly bituminous limestones ap-
peared in different colour con-
trasts on several different colour
enhanced products. Similar observa-
tions could be made in Tertiary
shales S of the Bitlis mountains in
an oil productive area. There, an
open pit asphalt mine is operated
in this conspicuous series. During
our cooperation with the HDIP of
Pakistan. LANDSAT data of the Su-
lalman Range was obtained and pro-
cessed in our GLOBUS image proces-
sing system, using the same algo-
rithms as with the Turkish data.
The distribution of oil-bearing
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Tertiary sediments can be clearly
depicted. Follow-up work will in-
clude 3pectro-radiometer survey on
the site and in our lab at BGR HQ
in Hannover.

ENVIRONMENTAL GEOLOGT

An important application of
remote sensing data lies in the
field of hydrogeology. The prospec-
ting and discovery of groundwater
reserves will always be a challen-
ging task in view of a growing de-
mand in the semiarid regions of the
world.

In Argentina. LANDSAT MSS
imagery, SKYLAB photography and
data of a previous extensive
groundsurvey were combined to pro-
duce a groundwater quality map of a
larger part of the northern Pampa
of Argentina. The information and
experiences derived from this pro-
gramme were the base of the assess-
ment of the inundation of large
parts of Argentina during 1988 -
1990, when the groundwater storage
capabilities of the underground
were exhausted and surplus ground-
water was inundating the Pampa.

In Niger, the groundwater re-
charge model developed from LANDSAT
MSS Imagery 15 years ago, opened
new possibilities to tap groundwa-
ter for various villages in the
area. Dry season imagery of West-
africa have been successfully uti-
lized, to detect zones, were groun-
dwater was available even during
the terrible drought during 1972 -
1974. Subsequent work in other Sa-
helian countries, combining aerial
photo-mosaics and MOMS-data with
LANDSAT MSS imagery led to new
groundwater drilling projects,
which have been executed during
1989/90. 15 out of 16 drillholes
yielded water-quantities sufficient
for the installation of hand-pumps
to produce potable water for the
neighbouring village.

The environmental geology
will profit largely from satellite

image interpretation. From our ex-
perience in various areas in the
world it is apparent that engineers
have the tendency to select dam-
sites according to morphological
criteria. Dams have to be short and
the volume of waterbody stored has
to be as large as possible. These
constrains are best met, when the
dam is constructed at the lower end
of a valley before it meets with a
larger valley. In modern mountain
chaînes, frequently faults paralle-
ling the main valley occur at the
intersection of tributaries which
seem to be suitable to store a lar-
ge volume of water. Many dam-sites
therefore are located on top of
rather active faults enlarging the
risk of a dam burst during earth-
quakes.

In Bandung, Indonesia. SPOT
Imagery was used to support the
work of the Directorate of Environ-
mental Geology. Although the area
surrounding Bandung is intensivly
cultivated, important geological
observations have been made, influ-
encing the further planning of hy-
drogeological exploration, enginee-
ring geology and hazard mitigation,
landuse planning and other related
fields.

CONCLUSIONS

This paper focusses on the
indispensable need of the human
Interpretation of satellite derived
data. From the side of the inter-
pretator it requires a sound educa-
tion In his geological or geoscien-
tific profession. From the side of
the image processing, it requires
an optimized image for the task at
hand. Sensor development and higher
spatial resolution of future satel-
lites cannot replace the human in-
terpretation of the acquired data.
Better data, however, will improve
the results of the human interpre-
ter.
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ABSTRACT

For water management activities runoff is the most
important component of the hydrological cycle. Therefore
remote sensing applications serve to increase our
knowledge of the temporal and spatial distribution of runoff
from rain and snow. A review is given on the methods and
models used to assess, monitor, and forecast hydrological
relevant input, process, and output variables related to
runoff, using various remote sensing systems, and on future
possibilities with advanced sensor système.

Keywords: hydrological cycle, runoff, runoff models.

INTRODUCTION

Hydrological and water management problems are forming
key elements in the current worldwide economical and
ecological situation. Continuous repetitive observations
are needed to better understand the complex processes and
interactions that are involved, and to provide the necessary
input data for operational applications and models of all
kinds. Remote sensing from space may be the only
reliable, timely and cost-effective means to monitor these
dynamic features and interrelations at the surface of the
earth on local, regional and global scales.

For water management activities runoff is the most
important component of the hydrological cycle. Thus most
applications of remote sensing serve to increase our
knowledge of the temporal and spatial distribution of
runoff. By analysing the input values rain and snow into
the hydrological system, and the state of process which is
related with the runoff formation, e.g. soil moisture and
evapotranspiration, remote sensing techniques become
most helpful tools for water management.

ESTIMATION OF INPUT VARIABLES FOR HYDRO-
LOGICAL PROCESSES: RAIN AND SNOW

Estimation of rainfall amounts for large areas is the basis
for monitoring large scale hydrological processes. Remote
sensing techniques have a high practical importance to
supplement the insufficient land-based measurements. But
these techniques are physically indirect, i.e. the satellite
input has some information (cloud brightness temperature,
texture, rate of cloud growth etc.) which pertains to the
cloud as seen from above, rather than to the rain which falls
out of the base.

Meteorological observation, e.g. surface observed rainfall,
vertical motion in the atmosphere or vertical profile data
can be used to transform two dimensional cloud information

into rainfall data by considering three dimensional
physical processes within clouds. Actually there are two
types of satellite information which are used for rainfall
monitoring: visible and infrared channels. They are
provided by well established operational weather satellites
including polar-orbiting (e.g. NOAA) and geostationary
(GOES, GMS, Insat, Meteosat) satellites. Different linear or
non-linear algorithms were developed for rainfall
estimation by considering cloud top brightness or top
temperature, texture, cloud growth and movement. A
summary of existing and proposed rainfall monitoring
methods is shown in Fig. 1.

A new source for precipitation related remote sensing
information is passive microwave data from space.
Unfortunately as signal strengths of naturally emitted
microwave radiances are low in comparison with those in
the visible and infrared spectrum, spatial resolution is
lower also. The advantage of microwave lies in the fact that
the radiation is emitted by hydrometeors within clouds
rather than by the top of clouds. Thus measured radiances
are more physically direct than visible or infrared channel
information, and passive microwave imagery can be
applied to improve existing visible and infrared techniques
over land and water especially if polarized microwave
radiation is used.

The snowcover and its seasonal and yearly variations are
not only influencing the runoff pattern and the water
balance, but have direct effects on the albedo and the
radiation budget, and consequently upon climate. Therefore
the snow accumulation and depletion process and the
regional and altitudinal distribution of the snowpack with
its water reserves, and its interlinking with changes of the
albedo and geoecological effects have to be monitored
carefully. Adequate methods were developed to assess and
monitor the changes of the seasonal snowcover for defined
basins and elevation zones, and to derive the corresponding
depletion curves from Landsat-, SPOT- and NOAA-AVHRR-
data, even if the satellite images are obscured by a
reasonable amount of clouds (Réf. 1).

To monitoring the extent and changes of the snowcover
area <SCA) in rugged high mountain terrain, especially of
small and heterogeneous watersheds as characteristic for the
Alps, various categories related to snowcover conditions,
shadow effects, surface impurities, vegetation obscu-
rations, disconnected snowpatches etc. have to be
considered. Afterwards these categories are combined to
determine the snow-covered and snow-free basin areas and
the transition zone, subdivided into elevation zones or
other pertinent units. This method is operational and has
been successfully applied in the Alps (Réf. 2) and the
Himalayas (Réf. 3). The monitoring of the SCA during a
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melting period enables the construction of the
corresponding depletion curves (Fig. 3). In addition using
historical data and a OTM partly clouded satellite scenes can
be classified as well, by subdividing the region into 205
elevalion/aspect/slope classes. All cloud covered pixels
then are assigned to the same relative snow coverage as
interpreted fcr the corresponding class in the cloud free
portion.

Of importance is an appropriate relation between the size of
the basin under investigation and the sensor system used
for the determination of the SCA. Generally NOAA-AVHRR
data are useful on basins from 200 km2 upwards, Landsat-
MSS data on basins larger than 10 km2, and Landsat-TM on
basins as small as 2.5 km2 (Réf. 4).

Wet, melting snow can be detected with SAR-systems
operating at X- and C-band frequencies, because the
backscattering intensity of wet snow is in general clearly
lower than the intensity of snow-free surfaces. But mapping
is complicated by topographic effects. The implementation
of a DTM. incidence angle-, shadow- and layover- maps is
mandatory to overcome these difficulties in mountainous
terrain. Multi-frequency and polarimetric SAR offer further
advantages for digital snow mapping in complex terrain
(Réf. 5).

Besides SCA the estimation of snow depth and snow water
equivalent (SWE) is an additional important hydrological
variable. Information on its regional distribution and
variations is essential for runoff forecasting and for a
prognosis of snow loads on structures to be expected with a
given probability. Snow depth and SWE can be estimated
using optical, microwave and gamma ray techniques.

The method to evaluate the SWE initially stored in a basin
using optical satellite data is based on historical data from
SCA monitoring (Réf. 6). By calculating modified
depletion curves the snowcover can be related to the
accumulative snow melt depths. The area below a modified
depletion curve then indicates the areal water equivalent of
the seasonal snowcover (Réf. 2).

Passive microwave remote sensing allows a measurement of
snow depth under certain conditions (Réf. 7). Upwelling
microwave radiation from the soil is scattered by the
overlaying snow, and in general increasing snow depth
relates to a decreasing brightness temperature. This inverse
relationship has been used to develop algorithms to
mapping snow depth on a global scale from NIMBUS-7
data. But as HALL et al. (Réf. 7, p. 170) state ".. we do not
understand all of the factors that influence the microwave
emission from snow ...". The algorithms for SWE determi-
nation, due to variations in snow morphology, definitely
show regional and seasonal variations. Another drawback
is the limited spatial resolution of microwave radiometers.

The only method to measure SWE of all types of snow is by
airborne gamma ray spectrometry, by determining the
terrestrial gamma emission along a profile line before snow
accumulation and during the snowcovered phase, and by
converting the attenuation of the gamma emission to SWE
(Réf. 8).

ESTIMATION OF HYDROLOGICAL PROCESS VARIABLES

For operational water management the spatial and temporal
distribution of runoff, which is generated at or below the
earth surface from rain or snow, must be known. The
estimation of the useable water resources (i.e. runoff but
also groundwater) requires to make assumptions about the

hydrological processes such as interception, infiltration,
percolation and runoff-formation within a river basin.
Another important aspect is the relationship between the
size of the catchment and the hydrological response. For
the quantitative description of these processes remote
sensing can be used to estimate the parameters which are
connected with their long-term variability e.g. lar.duse,
basin characteristics as slope, aspect, state of the ground,
vegetation type, and state of the vegetation within
seasons. Unfortunately parameters which are relevant for
such processes and which are variable in short time, e.g.
the surface temperature or data which are describing the
photosynthesis activity, cannot be provided in the tempo-
ral resolution which would be necessary as these satellite
observations can be made only under cloud free conditions.
However, some parameters which are highly relevant for
hydrology can be estimated such as vegetation index, leaf
water content index, soil water index and leaf area index.

Soil moisture is an aspect of fundamental importance which
has to be assessed and monitored on a regional as well as on
a global scale. Soil moisture content (SMC) affects the
infiltration from runoff and the retention, and consequently
represents an indispensable process variable for surface
runoff estimation.

To detect the surface moisture of bare soil remote sensors in
the visible and thermal infrared can be used (Réf. 9).

Micro "ave sensors allow a quantitative estimation of the
SMC based on the large difference between the microwave
dielectric properties of dry soil and liquid water.

In combination with SMC evaporation from bare soil or the
surface of a water body and transpiration from the vegeta-
tion canopy are influencing the hydrological process. In
particular the interactions between soil moisture, evapo-
transpiration and latent heat fluxes are of great interest for
global climate studies. Unfortunately these parameters are
difficult to estimate over large areas. Various approaches
were undertaken based upon an analysis of the energy
budget of the earth's surface. Two types of methods can be
distinguished (Fig. 2).

Surface temperature and evapotranspiration are affected by
the albedo. Increase of albedo is often due to a reduction of
the vegetation, which leads to a decline in the evapotrans-
piration rate, and as a consequence to a rise of the surface
temperature. Therefore differences between mechanisms of
evaporation from bare soil and of evapotranspiration from
vegetated areas should be taken into account, using an
energy-balance equation to model heat and moisture fluxes
as well as determining evapotranspiration fluxes.

COMPUTATION OF THE HYDROLOGICAL OUTPUT
VARIABLERUNOFF

Knowing the input and process variables by application of
mathematical hydrological models, the runoff formation
can be described, and the output variable runoff estimated
and forecasted. The different temporal resolutions of the
runoff values, which are needed for different water manage-
ment activities, require also different hydrological models.
In a case study a hydrological model for estimation of long-
term runoff data in Western Africa from rainfall data, which
were estimated by remote sensing, was applied (Réf. 10). A
flood forecasting model, which is under development for
the Moscl river basin in Germany, will also be demon-
strated to show the opportunity and limitations of real-lime
remote sensing applications in water management
(Réf. 11). The application of remote sensing for analyses



635

METHOD
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crop prediction
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meteorological
research

meteorological
research

cloud research and
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thermodynamics

oceanic meteorology
and climatology

cloud and rainfall
research forecasting
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polar -orbiting
geostationary

polar-orbiting

geostationary

polar-orbiting
geostationary

geostationary

polar orbiting

? polar-orbiting
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visible and/or infrared

visible and/or infrared

infrared

visible and infrared

infrared and
microwave

microwave
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(active microwave)

PRESENT
STATUS

quasi - operational

developmental

future

Fig. 1 : Summary of current and proposed satellite rainfall monitoring methods (in BARRETT, 1989)

Type

I

U a

H b

Approach

Evapotranspirationdaiiy -
Nettoradiation

= b - a (Tsurface -Tair )

a and b are statistically
determined coefficients for
vegetation roughness length

Numerical models of soil-
atmosphere interaction driven
by local climatic variables are
used.

Either soil heat transfer equat-
ions are solved, the surface
moisture conditions being held
constant, or coupled heat and
mass transfer equations for a
bare soil or for vegetated
surface.

Models of class II a are used.
but the need to measure local
climatic variables is circum-
vented by coupling a planetary
boundary-layer (PBL)

Advantages

very simple

more
physically
sound

no local
measurements
necessary;
physically
sound

Constraints

local
atmospheric
variables
required;
semi-empiric
approach

very sensitive
to parameters
which are
difficult to
estimate such
as the soil
transfer
characteristics;
local
measurements
of climatic
variables are
required

often too
much
computer-time
needed to be
considered
operational
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Fig. 3 : Depletion curves of Sedrun region for season
1985 (in BURKART. 1992)

APR MAY JUN JUL ! AUG SEP

FIJ. S : Computed and meuured hydrograph of Sedrun
region for 1985 (in BURKART, 1992)

Snowmelt Runoff Model

(SRM)

Snowmell Runoff

- Simulations
• Forecasts

Fig. 4 : Concept for snowmelt runoff simulation and
forecasting with SRM (in SEIDEL et al., 1989)
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RESOLUTION IN SPACE

Fig. 6 : Résolution in time and space of existing remote sensing devices and expected future
trends (in SCHULTZ and BARRETT. 1989)
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of anthropogenic impacts on runoff formation will be
shown along with an example of urbanization.

Since there is always a time lag between snow accumulation
and runoff, forecasting of snowmelt surface runoff plays a
special role in water resources management. Various models
have been tested to simulate and forecast snowmelt runoff
(Refs. 1, 2). A very simple but efficient model to predict
seasonal runoff was developed by RAMAMOORTHI, which
is operational in a large Himalayan basin with surprisingly
good results.

For a short to medium term forecasting the Snowmelt
Runoff Model (SRM) by MARTINEC is widely used and has
been applied worldwide in many different mountain basins
of very different sizes. The model (Fig. 4) bases on actual
weather records (temperature and precipitation readings of
at least one station within or as near as possible to the
basin), daily SCA measurements for each elevation zone,
and hydrological coefficients, which have to be evaluated
and adjusted. Fig. S provides a simulated hydrograph of the
Sedrun region in the Swiss Alps, using Landsat-TM as
remotely sensed data input (Réf. 2).

Excesses in runoff is another important aspect, which
requires completely different management strategics, and
consequently different methodological concepts and
approaches. A prerequisite again is a fast and reliable
assessment and monitoring of the input and process
variables. Today in general only mapping of flood levels > j
practised. But for a proper flood management and conhol it
would be essential to add flood damage assessment fore-
casting, flood risk zoning and other variables. Examples
trom the Ganges and Brahmaputra rivers in India demon-
strate the potentials of remote sensing technology in this
field (Réf. 12). The severest hindrance to operational
application is the request for timely coverages of the
affected areas with high repetition rates, which can only be
guaranteed by sensors with allweather capability.

CONCLUSIONS ANDOUTLOOK

In the near future great developments in space technology
are expected. New satellites will carry advanced sensor
systems of great relevance to hydrology and water
management, above all microwave sensors. These sensors
penetrate clouds and overcome the weather and daylight
dependence of optical remote sensing data. In particular
ERS-I and similar satellites will augment water mana-
gement applications.

One main problem in applying remote sensing for runoff
estimation is the gap between temporal and spatial
resolution of present satellite sensors which do not offer a
high resolution simultaneously in both scales. Sensors
with high resolution in space provide information only on
slow hydrologie processes. Those having a high resolution
in lime allow monitoring of dynamic processes, but only
for large areas, since spatial resolution is low (Réf. 13).
For hydrology a high resolution in both space and lime is
needed (Fig. 6).

Deficits which result from the insufficient temporal and
.spatial resolution of remote sensing data will be reduced in
the future. The main problem of new sensors capable to
provide such information which are not only qualitatively
connected with hydrological processes are demanding a
closer link between scientists, who are interested in
hydrological applications of remote sensing data, and
scientists who are developing the technical facilities of
remote sensing.
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POTENTIAL OPERATIONAL USE OF REMOTE SENSING FROM SPACE IN FORESTRY
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ABSTRACT

Quite different aspects of remote sensing
from space have to be considered for fore-
stry purposes as shown in fig. 1. The dif-
ferent information requirements for these
purposes are described and the question is
answered how far remote sensing from space
can accomplish these requirements.
The main problems and methodic ways to
overcome these (at least to a satisfying
extent) are discussed. This includes visual
analysis of object-related enhanced color-
composites, optimized digital classifica-
tion and hybrid approaches for the evalua-
tion, furthermore the prestratification of
the survey area, the role of ancillary and
multitemporal data, atmospheric corrections
a.s.o.
Guided by latest examples it is demonstra-
ted, that much more information can be re-
liably extracted from high resolution opti-
cal satellite imagery as it is often de-
scribed. An assessment of the varions re-
mote sensing systems complete the paper.

Keywords: Spaceborne remote sensing, fore-
stry, signatures of vegetation, image ana-
lysis, hybrid and multiphase concepts.

1. FIELDS OF APPLICATION AND INFORMATION
REQUIREMENTS

The main fields of remote sensing applica-
tion in forestry are listed in fig. 1,
those of them which have to be considered
for remote sensing from space are marked
with a asterisks. As it can be seen remote
sensing in forestry is first of all applied
to practical routine work. Therefore the
data requirements are strictly determined
by the information needs for the respective
practical tasks.

Fig. 2 represents as a first example the
levels of information required for FAO's
global assessment of the entire area of
tropical forest cover. Many studies, prac-
tical projects and FAO's forest assessment
1990 has demonstrated that multispectral
optical spaceborne data with ground reso-
lution of 30 m and better and - with reser-
vation - even Landsat-MSS data can provide

a reliable estimate of the forests and
other woody vegetation cover and their
changes over time. This relates to the
classification as shown in fig. 2 or simi-
lar schemes at least under optimal conditi-
ons (Réf. 1-10).

ARM OF APPLICATION
FIELD OF APPLICATION

FOREST COVER MONITORING

FOREST MAPPINO
i FOREST COVER MAPPINO

1 ; t MlO. AND SMALLER
. MAIN FOREST TYPES

1:21.000 - 1:200,000
• DETAILED FOXEST CON-

FOREST RESOURCES INVENTORY
AND MONITORING INCL. TIMBER
VOLUME
. FOR FOREST POLICl' PURPOSES
. FOR FOREST MANAGEMENT AND

PLANNING

DETECTION, SURVEILLANCE,
ASSESMENT OF FOREST FIRE,
DAMAGES AND DESEASE

LAND DEVELOPMENT PLANNING

HABITAT AND ENVIRONMENTAL
STUPlES I

WORLD
HEGIONS

|*X*|

COUNTUY
PRONVINCES•n«r~

[5x1
[xx]

Fli*j.
_1ZL

FOREST
DISTRICT

DD

_

J1D_
r/n
HT]

Soaceborne remote sensing

- is required

- can be considered as main datasource in the
multistage/multiphase concepts

- can be considered in tne frame of multistage/
multiphase concepts as equally good or less
important data source .

- not applicable, only airborne remote sensing
is useful

Fig. 1 Application of remote sensing in fo-
restry

The first run of FAO's survey for the tro-
pical zone is presently being implemented
on a sample base of about 10 % of the ac-
tual tropical forest cover area (Réf. 11).
A complete mapping of the tropical moist
forests of the world is foreseen by FAO
using NOAA AVHRR data. However, the 1 km
resolution of these data allow only a rough
and partly unclear classification. There-
fore an adjustment of the classification
results is intended using the sample clas-
sification just mentioned and other exi-
sting classifications resulting from Land-
sat or Spot data. The development of an
operational methodology for the tropical
forest monitoring based on the coarse NOAA
data is in progress (Réf. 12-14).

r*
Proceedings o1 ihe Cental Symposium of the 'International Space Year' Conference. Held in Munch, Germany, 30 March-4 Apr/I 1992
(ESA SP-341. July 1992)
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Fig. 2 FAO Classification of woody vegetation cover for tropi-
cal forest resources assessment

Foresters term the classification of cover
types as shown in fig. 2 as "rough ! One
may recognize, that with the exception of
mangroves and bamboo, floristic aspects are
not included.

This is quite different for large scale fo-
rest resource inventories for national fo-
rest policy or for planning and control of
large scale, long-term forest management
programs. In such cases more detailed qua-
litative and quantitative information about
forest types, siIvicultural conditions da-
mages, diseases and depletion and esp. tim-
ber volume and growth is required (fig. 3).

Spaceborne remote sensing is used more and
more for these purposes (Réf. 2, 10, 15-
24). According to circumstances it can con-
tribute in different ways and scale to ac-
complish the task.

Because only a part of the required infor-
mation on the forests (fig. 3) can be pro-
vided by it, multistage and multi-phase
concepts have been proven as very suitable
and effective (Réf. 17, 20, 21, 25-28).
Such approaches combine spaceborne and air-
borne remote sensing, fieldwork and the in-
troduction of existing (GIS-) data.

Multistage and multiphase concepts take ad-
vantage

of the possibility to cover, to stra-
tify and to map complete huge inven-
tory areas by means of spaceborne re-
mote sensing

of the increasingly more detailed in-
formation of remote sensing imagery
that may become available on a samp-
ling basis to improve step by step the
classification of the forest land and
to increase the efficiency of sample
selection in each subsequent stage or
phase.

JT---
uuantities

Acreage
of forest land
of forest types

Timber
distinction between
species
volume (classes)
diameter-classes
(light classes
growth, increment

Transportation
transportation lines
slope classes

Wildlife
live stock of games

IAl : a/
QuttTHTe»

Condition of forest
forest types
species, composition
density
timber qualities
damages, desease

Site conditions
yield power classes
habitat classes

Functions of forest
production
protection
recreation
reservation
watershed areas

Ownership

DEVELOPMENTS 1

Fig. 3 Objects of forest resources inven-
tory

2. PROBLEMS OF APPLICATION

Presently the application of spaceborne re-
mote sensing depends of'̂ n on the timely
avail ibility of imagery and - in view of
monitoring purposes - on the certainty of
this in the future. It is often hampered at
the moment due to still insufficiently qua-
lified staff and the lack of appropriate
image analysis facilities but in fact also
as a result of the limited acceptance of
these techniques. The latter applies espe-
cially for countries with intensive forest
management and well developed systems of
conventional timber inventory.

JANO'S (Réf. 29) six year old analysis of
the reasons for the slow introduction of
spaceborne remote sensing even in Canada -
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Fig. 4 Equiprobability ellipses of the digital numbers of seven
vegetation classes in the two dimensional space of Landsat TM
bands 2 versus 4

which is in fact very suited for this - ap-
plies largely also to the present; ir-
respective of remarkable progress in cer-
tain countries (see e.g. Réf. 10, 15).

The last remark invites the questions:
Firstly which information can be realisti-
cally and reliably provided by advanced re-
mote sensing from space and secondly how
far is the practiced remote sensing in ac-
cordance with these possibilities? The ans-
wer to the first question will be given la-
ter by some examples. The answer to the se-
cond question is as follows: In spite of
remarkably good results in individual cases
and many fairly good results there are
still too much other cases with a gap bet-
ween possible and delivered results of
image analysis.

It must be realized that simple readings of
standard products of spaceborne imagery and
also simple digital classifications, based
alone on spectral data are in most cases
not suffient. They must be replaced by more
advanced techniques. Many vegetation cover
types reflect very similar and on the other
hand the spectral signature of a given type
varies due to the actual phenological and
other biological states, different atmo-
spheric conditions and illumination of slo-
pes.

A few examples may illustrate this point,
fig. 4 shows for an area in the German
Blackforest seven vegetation classes. The
clusters cover 90 % of the digital numbers
in the two-dimensional space of TM band 3
versus TM band 4.

Obviously a separation of these classes ba-
sed on spectral data is possible in this
case. Similar good results can be found for
many cases including such in the tropics
(Réf. 9) but - unfortunatly - this cannot
be found for all vegetation types to be
classified according to forestry require-
ments.

The possible similarity of spectral signa-
tures in spaceborne data of quite different
forest types is demonstrated in fig. 5.
Compared are the means of digital numbers

of TM data for old beech stands and mixed
deciduous afforestations and for teak plan-
tations and adjoining tropical dry deci-
duous forests.
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Fig. 5 Means of digital numbers of Landsat
TM data for old beech stands on sunny sto-
pes (2,2) versus mixid deciduous afforesta-
tions (3,4) (Réf. 31) and tropical teak
plantations (5) versus tropical dry deci-
duous forests (6) (Réf. 9)
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In contrast to this fig. 6 shows that the
signatures of the same type vary in depen-
dence on internal or external factors.
Here, the illumination of slopes is choosen
as an example. Compared are old beech
stands, growing on shaded and sunny slopes
and again as an example for tropical condi-
tions evergreen forests growing on shaded
and sunny slopes, both under clear and
foggy weather contitions.

For the interpretation of fig. 5-6 the
standard deviations of the means must be
considered. The histograms in fig. 7 and
tab. 1 as well as the ellipses in fig. 4
give an impression of possible variances.

Furthermore, one has to take into account
that the influence of the illumination *.o
the spectral signatures is different depen-
ding on the cover type as well as on the
spectral band. This can be seen in fig. 8,
demonstrated with beech and spruce stands,
spruce of different age and the comparison
of TM band 2 and 4.
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Fig. 6 Means of digital numbers of Landsat
TM data for old beech stands on shaded slo-
pes (1-3) versus on sunny slopes (4,5)
(Réf. 31) and tropical evergreen forests on
sunny slopes at a clear day (EB-B) and a
hazy day (EB-NB) on shades slopes at a
clear day (EB-S) and a hazy day (EB-NS)
(Réf. 9)
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Fig. 7 Frequency distributions of digital
numbers of Landsat TM data for pole size
beech stands (a) and pole size spruce
stands (b) (Réf. 33)

Tab. 1: Means and standard deviations of digital
numbers in Landsat TM data for two different forest
types. The frequency distribution 1s shown in f1g.7

Landsat
TM band

Nr. (urn)

1 (0,45-0,52)
2 (0,52-0,60)
3 (0,63-0,69)
4 (0,76-0,90)
5 (1,55-1,75)
6 (10,4-12,5)
7 (2,8 -2,35)

pole size
beech stands

mean

70,50
28,18
22,10
110,18
85,85
116,11
19,56

standard
deviation

1,92
1,11
1,33

14,71
10,92
1,21
2,87

pole size
spruce stands

mean

87,06
23,81
19,72
81,17
42,06
114,33
12,33

standard
deviation

0,97
1,01
1,04
8,47
6,19
0,47
1,45

Fig. 8 Dependence of Landsat TM digital
numbers the illumination of slopes {Réf. 32)
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3. MASTERING THE PROBLEMS

Advanced and appropriate methods of image
processing and analysis are meanwhile avai-
lable to overcome the deficiencies of
spectral signatures. Of course it costs
time and money but it pays off. Using the
available tricks in methodology and a well
considered overall concept of remote sen-
sing for forest inventory it does not al-
ways need a doctor thesis in each practical
case.

However, In consequence, in view of the ob-
jects to be inventoried and monitored a ca-
reful signature-analysis must be done to
select for each specific case the appro-
priate bands, ratios and enhancement tech-
niques. This applies for the following di-
gital classification as well as for the ge-
neration of optimized colorcomposits for
visual interpretation.

According to circumstances the well known
image enhancements like contrast strechind,
smoothing, edge enhancement, IHS color-
transformations, rationing a.o. must be
considered. Furthermore radiometric correc-
tions which reduce the atmospheric influen-
ces and exceed the relative radiometric
equalization within a single scene, should
become a self understanding procedure. This
applies generally but is of special impor-
tance for monitoring based on multi-tempo-
ral data sets. Kattenborn (Réf. 34) has re-
cently developed an effective and practical
method for this purpose which for the first
time considers different atmospheric condi-
tions both horizontally and vertically.

The evaluation of multidate imagery may
take advantage of phenological changes from
season to season. One can benefit from the
fact that some vegetation types reflect in
a certain season equal but in another
season different.

Of particular importance in many cases of
forest surveys is the inclusion of geocoded
ancillary, topographic and thematic data in
addition to pure spectral data (Réf. 2, 5,
6, 22, 30, 31, 35).
The ancillary data allows

the prestratification of the inventory
area into regional or local eco-flori-
stic zones with the objective to de-
termine natural subdivisions so that
the population of vegetation cover ty-
pes to be surveyed within each subdi-
vision is less variable than in the
range of vegetation cover over the
entire survey ar~a. Thereby some of
the types with similar reflection pro-
porties which grow however, in diffe-
rent zones are not longer subjects of
confusion.

the stratification with regard to
"illumination-classes" based on the
aspect using a DTM as ancillary data
source;

the inclusion of local and expert a-
priori-knowledges to identify or to
exclude such covertypes which can be
and can not be expected on certain si-
tes. This begins with the simple know-

ledge that certain types or species
are existing and common in the area
and others are not. It leads to the
development of complex topographic
distribution models of vegetation.

Another important, but sometimes ignored
prerequisit for successful remote sensing
from space for the purposes under discus-
sion are the qualifications of the ana-
lysts. It seems to be obvious, but past ex-
perience has shown that it .Tiust be stressed
again and again.

Analysts must be provided with

specalized background knowledges in fo-
restry

local a-priori-knowledses of
the nature of the inventory area
and its vegetation
the socio-economic situation and
the resulting practices to use
and manage the forests and local
natural resources
former occurrences which possibly
have determined the vegetation
cover or left local marks on it

the ability to gather reference data
by field work, interpretation of ae-
rial photos or airborne video imagery
and to utilize GIS data;

the technical skill in image proces-
sing and interpretation.

These requirements show, that remote sen-
sing from space for forestry purposes is a
matter for highly qualified and specialized
staff with local and expert knowledge.

Concerning the basic technique of the ana-
lysis of spaceborne imagery within the
scope of forest surveys neither digital
classification nor visual interpretation
exhaust completely the information inherent
in that imagery. Digital classification ne-
glect the many nonspectral information,
which is also present in the imagery or can
be derived from it by interpretation and
association. Visual analysis on the other
hand, is Ii mi ted. by the human ability to
compare multispectral signatures precisely
and to perceive slight differences, esp. if
objects are not adjoining.

Therefore in some way or other hybrid ap-
proaches are more and more applied to stu-
dies and to practical survey projects in
forestry. They combine visual and digital
evaluation and thereby enlarge the possibi-
lities of the analysis.

A comparison of classification results
using digital, visual and hybrid methods
based on optimized Landsat TM data sets is
given in tab. 2.

Examples of successfully applied hybrid ap-
proaches are discussed and shown e.g. in
Réf. 2, 5, 6, 9.
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Tab. 2: Comparision between classification results
Inventory area: Western Ghats, India. Database:
Landsat TM Data (Réf. 9)

1

Method

visual interpretation
digital ML classification
hybrid approach

Number of classes which
could be mapped with
sufficient accuracy

15
11
19

4. INFORMATION CONTENT IN HIGH RESOLUTION
OPTICAL IMAGERY

The following examples demonstrate the ac-
tual capacity of spaceborne remote sensing
for forst inventory and monitoring when
using advanced methods as discussed before
and carried out by forestry experts with
local knowledges and technical skill in
image processing and analysis. In all pre-
sented cases the accuracy of the results
have been checked in the field and classi-
fied as being most adequate.

Example 1: from Schmltt-Fiirntratt (1990, Réf. 9)
Locality: Western Ghats near Mercara, India
Data: Landsat-TM February Scene (dry season)

- evergreen forest, intact crown closure > 60 X
- evergreen forest, crown closure < 60 %
- evergreen forest, with Cardamon cultivation
- degraded evergreen forest (DEG)
- semievergreen forest
- scattered degraded evergreen forest (80 X DEG,

20 X grass)
- moist deciduous forest
- dry deciduous forest
- degraded dry deciduous forest
- teak plantations
- coffee plantations, sheltered by evergreen trees
- open woodland
- grassland (60 X grass, 40 X DEG)
- rubber plantations, old
- rubber plantations, young
- burnt areas in dry deciduous and teak forests
- agricultural areas
- built up areas
- water

Example 3: from Schardt (1990, Réf. 31)
Locality: Rhine-Vally near Freiburg, Germany
Data: Landsat-TM, April and July Scene, DTM

- mixed deciduous, young
- mixed deciduous, pole-size
- mixed deciduous, old
- pure poplar, 30-50 year old
- old beech
- douglas-fir, young
- douglas-fir, pole-size
- pine, afforestation

non-forest classes have not been included in the
classification. Receivable without difficulties
have been in the colorcomposites:

- arable land (tilled and reaped)
- vineyards
- grassland
- water
- built-up areas
- gravel pits

Overall accuracy 88,7 x

Example 2: from Baules (1991, Réf. 2)
Locality: West Panama (ChlrlquD
Data: Landsat-TM, Life zone and top-map

- mangroves, dense and tall
- mangroves, open and tall
- mangroves, low
- orey-pure stands
- orey-mixed stands
- highmontane tropical rainforest
- montane tropical rainforest
- submontane tropical rainforest
- secundary forest
- plantations of fruittrees (ollpalmes, bananas)
- agriculture land
- matorral
- pasture land
- dry grassland
- areas of erosion
- settlements
- water

Example V- from Schardt (1990, Réf. 3D
Locality: Black Forest near Freiburg, Germany
Data: Landsat-TM, April and July Scene, DTM

- conifers (spruce, fire, douglas fir), young
- conifers, pole size

- beech (with some oak, ash, maple), afforestation
- beech, old
- mixed conifer-hardwood, afforestation
- mixed conifer-hardwood (< 30 X), thicket
- mixed conifer-hardwood (31-60 X), thicket
- mixed conifer-hardwood « 30 X), thicket to pole

- mixed conifer-hardwood (31-60 x), thicket to pole

- mixed conifer-hardwood (< 30 X), thicket to pole
Sl 26

- mixed conifer-hardwood (31-60 X), pole size
- mixed conifer-hardwood (61-90 X) pole size
- mixed conifer-hardwood (< 30 x), old
- mixed conifer-hardwood (31-60 X), old
- mixed conifer-hardwood (61-90 X), old

Overall accuracy 88,2 X

5. ASSESSMENT OF SENSORS FOR FORESTRY
APPLICATION OF REMOTE SENSING FROM SPACE

Spaceborne remote sensing using mul-
tispectral and high resolution sensors have
been proven useful also for mapping, moni-
toring and assessment of forest damages and
destructions, extended defoliation of fo-
rests, forest fire, and deforestations. As
examples for the application of effective
spaceborn remote sensing and its limitati-
ons for various kinds of destructive in-
cidents it is referred to Réf. 8, 10, 14,
31, 33, 36-41.

As a final remark I give my personal esti-
mation about future remote sensing from
space.

OPTICAL SENSORS with resolution of 30 m or
better and spectral capacity in the visi-
ble, near and middle Infrared, operating
from satellites and high resolution CIR
photography, taken from spaceplatforms have
been proven as a useful tool and one of the
information sources for large scale
inventory and monitoring in forestry.
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They w i l l extend tneir leading role if
advanced techniques of project related
enhancements, and hybrid evaluation
w i l l be applied;
the data become part of GIS;
the establishment of local remote sen-
sing centres and the education of fo-
resters as RS experts will become the
rule;
the acquisition of the same type of
imagery w i l l be guaranteed over deca-
des.

From the foresters point of view: The use-
fulues of sensors with very high ra-
diometric resolution seems to be overesti-
mated .

OPTICAL SENSORS with coarse resolution like
NOAA AVHRR w i l l be useful in some extent
for global monitoring of vegetation but as
a rule not for national or local forestry
purposes.

THERMAL INFRARED IMAGERY WICh is useful for
aijrbprne remote sensing with regard to fo-
rest fire control and microclimatic studies
is not in the same way important for space-
borne remote sensing.

Imaging RADAR is import as a substitute of
optical sensors in localities with perma-
nent clound cover. Its importance will in-
crease. However, considering its limited
forest information content compred with
photographic or multispectral optical ima-
gery it cannot be expected that RADAR will
replace optical systems. Foresters prefer-
rence w i l l remain in future with optical
systems. Nevertheless it is good and
desirable to have a sensor with al!weather
capability available.

The references selected for this presenta-
tion should convey an idea of the state of
the art and the application of spaceborne
remote sensing in forestry. They should be
understood as a part of the paper.
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REMOTE SENSING APPLIED TO AGRICULTURE STATE OF THE ART AND NEU TRENDS
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Abstract

For many years, thematic cartography was
the only application of remote sensing
techniques.
Monitoring of agriculture is now being
feasible using specific methodology developed
in pilot projects such as MARS.
New satellites or geographic information
techniques should allow us to overcome some of
the actual difficulties.

Such conditions tend to be realized with
high-resolution satellite data which is not the
case with meteorological satellites.
Any application related to continuous monitoring
requires high repetitivity and low cost which
generally means low resolution. Cloud cover and
the limited amount of available images have
always been a drawback, but microwave sensors
could be a way to overcome such a problem.

Generally remote sensing techniques must be
linked with existing geocoded data. The
improvements in Geographic information systems
are such that large scale operations can be
implemented.

1. INTRODUCTION

Satellite data have been used extensively
for thematic maps and cartography applied to
agriculture. Stratification and contribution
to surveys by cartographic documents have
proved to be quite effective.
Improvements in meteorological forecasting due
to satellite data have been of a direct
benefit for farmers.

The next 10 years should see a
breakthrough in two kinds of applications:

agricultural monitoring at the regional
level (inventories, monitoring...)
control of crops at the field level, for
which there is a strong and growing
demand.
The MARS project within the Institute for

Remote Sensing Applications is developing such
methods so that they can be applied in the
European Community.

However, for such applications, some basic
requirements must be fulfilled: continuity of
space data and long-term commitments,
well-developed ground segments, close
cooperation with users.

2. CROP INVENTORIES

The methodology used for crop inventories is
now highly standardized. It has two distinct
components:

objective observations of land with a
sampling plan produced or improved by remote
sensing. This amounts to a sampling frame
followed by an area-sampling survey;
automatic classification of satellite data to
improve the estimates from prior land
surveys. This meets the need for precise
annual inventories of acreages and yield at
the field level.
Results from the two components have been

produced for a variety of European regions using
Spot or Landsat. The method is highly
satisfactory for estimating acreages of major
crops. Component one is universally applicable
and rapidly provides objective information on the
production characteristics of such crops. It can
be an excellent complement to national statistics
services when upgrading is necessary. Southern
European countries tend to implement such
methods.

v !•
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3. MONITORING VEGETATION CONDITIONS AND YIELD
INDICATORS

Continuous and wall-to wall monitoring of
the vegetation requires frequent and cheap
satellite images to make it economically
viable. NOAA-AVHRR data have such
characteristics, the application of which has
been developed within the MARS project.

The objective is to provide indicators of
crops and vegetation evolution under various
geographical conditions. The method consists
of processing the data to obtain two
indicators: the vegetation index and the
surface temperature. Subsequently, the aim
wi l l be to integrate the data in space and
time in order to compare the two indicators by
year and by area. The vegetation conditions
and yield indicators are then monitored on the
bassis of variations in relation to reference
years or areas.

The results obtained, although of a
qualitative nature, are extremely accurate in
geographically locating particular events,
such as a drought affecting crops. The data
are extremely sensitive to the satellites,
such as view angles, or to atmospheric factors
such as water vapor or aerosols.
These highly qualitative data become more
valuable when coupled with agrometeorological
models. The schemes for the processing of
NOAA-AVHRR data were worked out in
collaboration with the European Space Agency
(ESA). The latter is responsible for data
capture and storage, which involves
coordinating the receiving stations. The
project has begun to develop algorithms
automated to the maximum for processing raw
data into a geometrically and radiometrically
corrected product. The software is now ready,
and the space data for the years 1991 and 1992
are getting processed simultaneously.

4. EUROPE - WIDE QUICK ESTIMATES OF ACREAGES
AND POTENTIAL YIELD

For large regions, such as the whole
European Community, it is impossible to have
wall-to wall repetitive coverage with
high-resolution satellite data. However, it is
possible to use a sample of sites to obtain
approximately the same results. The action 4
of the MARS project: European estimates of
acreages and potential yield is done this way.

The objective of this action is to supply
early information at the Community level on
changes in crop acreages for a year in
comparison with the previous year, as well as
indicators of potential yields. The objective
is also to develop a forecasting method that
could be applied to foreign crops.

The method consists of determining a
sample of approximately 50 sites for the
Community, of acquiring and interpreting all

the high resolution satellite images of those
sites (around four per year), and of extracting
the necessary information.

The method has proved to be feasable for 30
sites in 1991 and will be implemented in an
operational way over 53 sites in 1992. There is
only a 10-day delay between image acquisition by
the satellite and the results of the analysis of
the site.

Real time remote sensing techniques which
were a dream just a few years ago are being
applied since we must consider that 10 days for
crop assessment is nearly real time.

5. CONTROL OF CROPS AT THE FIELD LEVEL

The results obtained with the methodology of
regional inventories enabled the DG VI to
establish a specific process for scrutinizing
applications for subsidies associated with durum
wheat acreage. These studies were initiated in
1990 in Southern Italy and Northern Greece. They
produced at the regional level accurate and
objective results independent of farmers or local
organisations.

This operation has indirectly revealed the
statistical distortions resulting from
interviewing farmers about such items as durum
wheat, for which they make declarations having
considerable financial implications.

In 1991 and 1992 the studies focused on the
possibility of discriminating crops at the field
level. The objective is to provide the regional
or national authorities in charge of controls
with a specific remote sensing method: farmer's
declarations would first be checked with
satellite images on a computer screen. The
results would be qualitative, for example: right,
wrong or doubtful. The ground controls which are
done systematically for about 10% of the cases
would be reduced and the rate of control would
depend upon the qualitative results obtained on
the screen, which could be better and cheaper.

In 1991 such a method was tested in four
provinces of various countries. It has been
extended in 1992 specifically for the set-aside
scheme and oil-seed crops.

For permanent crops such as vineyards and
olive trees, in general, aerial photographs are
needed. For other cases, satellite data such as
SPOT are generally sufficient for what is
required which is rather simple.

6. REQUIREMENTS

In agriculture, space data are not widely
operational. Some basic requirements such as
availability of data are very difficult to
fulfill.

Availability of data depends upon many
factors. Satellite continuity is the first one.
Decent problems with the LANDSAT program are a
clear demonstration of such difficulties.



649

To have such programs as SPOT approved
promising that the overall costs would be
recovered can be dangerous in the long run
since for most of the applications, the prices
are already in the upper limit and useful
images are limited.

A long term policy for providing satellite
data is needed. It should be recognized that
some repetitive coverages of earth observation
satellites are necessary and should be
publicly funded.

A cost/price policy should be applied only
to value added products and services.

If a lot of applications can be
implemented with the existing well-known earth
observation satellites there are strong
limitations due to cloud cover. Radar
satellites, even if not tailored to
agricultural applications, should be an
important source of information. It is too
early to have a precise assessment of ERS-I.
However the first images show a potential of
discrimination related to the content of
fields and the design of the satellite sensors
should allow a soil humidity indicator.

We will, however, have to await the data
we requested for specific sites in order to
have a more in-depth analysis.

Availability of space data is not enough.
The ground segment must also be tailored to
the user's request. For example preprocessing
is important for the radiometric or geometric
accuracy, the latter being very sensitive for
agricultural applications at the field level.

Time delivery is also very dependent upon
the structure of the ground segment.
Meteorological satellites such as NOAAs are
difficult to use since the instruments are not
calibrated regularly.

Close cooperation with users is necessary
both before and after the launch. In many
applications, data simulations should be done
through aerial campaigns as a basic
preparation for users. The users should be
aware of the costs linked to specific demands
such as rapid delivery in order to relate the
needs to the effectiveness or benefits of the
application.

In general, fundings of pilot projects are
meaningless in comparison to the cost of space
programs, but when they are significant, a lot
of progress can be made towards applications.

control output of models or even basic quality of
data.

Within the MARS project, the objective is to
implement an advanced agricultural information
system. For different modules the necessary
space data are quite different and are always
used in association with auxiliary data through
geographic information systems. Instead of
working on the application of a certain type of
space data the attitude is now to solve a problem
and to use data which are available and more
suitable.

The trend is to use different sources and to
make it as transparent as possible for the user.

8. CONCLUSIONS

Up until now, successful remote sensing
techniques have used mainly cartographic visual
products. For continuous monitoring, same stable
techniques are being implemented. Real time
applications are also being implemented at the
level of the Commission of the European
Community.

There are still strong limitations such as
cloud cover preventing image acquisition, but at
the same time, data such as ERS-I are appearing
on the market which could overcome some of these
problems. Methodologies are rapidly improving
for large scale applications specially with the
implementation of geographic information systems,
whose techniques are quite complementary with
remote sensing techniques.

A lot has been accomplished in term of
applications at the European level during the
last four or five years and the trend for
operational applications is promising.

7. NEU TRENDS

For most applications, satellite data must
be combined with auxiliary information, such
as ground surveys, existing maps or
statistics. New developments in Geographic
information systems, allow such ties. More and
more for operational aspects, remote sensing
data will be either one of the layers of
information to be combined or will be used to
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APPLICATIONS OF REMOTE SENSING FOR TIDAL WATERS,
COASTAL AREAS AND INLAND WATERS

Roeland Allewijn

Survey Department, Rijkswaterstaat, Kanaalweg 3b, Delft, The Netherlands

ABSTRACT

A review is given of the main aquatic applications of spaceborne and
airborne remote sensing techniques. Examples of the use of remote
sensing for operational management of Dutch tidal waters, coastal
areas and inland waters are presented. Finally some priorities for
furtherresearch on applications of remote sensing for water
management are given.

Keywords: Spacebome and airborne remote sensing, water
management, operational applications.

Table 1; Water applications of remote sensing

1. INTRODUCTION

Water management requires a detailed water quality observation
network in space and time. Nowadays measurements are mainly
performed from ships at a limited number of locations with a rather
low frequency. Remote sensing can be a valuable tool to gain a
better insight in the spatial distribution and temporal variation of
physical and biological characteristics of tidal waters, coastal areas
and inland water...

Remote sensing techniques can be used for a wide range of aquatic
applications. Observations of tidal waters, coastal areas and inland
waters from spaceborne and airborne platforms are increasingly
being used by scientists, water managers and decision makers.

The whole range of remote sensing techniques is used for water
applications (table 1). NIMBUS-CZCS and NOAA-AVHRfl data with
poor spatial resolutions are generally applied to large coastal waters
(e.g. North Sea). Landsat and SPOT are mainly used for intertidal
zones and large inland waters, while airborne remote sensing is
applied to small inland waters, rivers and harbours. Optical, thermal
and microwave sensors each have their own specific aquatic
applications.

For effective use ot remote sensing the data generally have to be
combined with in-situ measurements and numerical models. Good
communication between the remote sensing expert, the scientist with
field knowledge and the model builder is therefore indispensable.
Integration of remote sensing data and other types of spatial
information in a Geographical Information System offers a large
nunrtoer of new possMlities for the application of remote sensing.

A. TIDAL WATERS

Systems

NOAA/AVHRR

Nimbus-CZCS

Landsat and SPOT

HF-radar

Airborne and
Spaceborne SAR and
SLAR

Airborne SLAR

Applications

' Sea Surface Temperature
' Total Suspended Matter
* Algae Blooms

* Suspended Matter
• Algae and Chlorophyll

* Sediment Load and Currents

* Currents and Ship Convoying

* Currents and Waves
* Sea Bottom Topography

* Oil Spills

B. COASTAL AREAS

Systems

Landsat and SPOT

Airborne Scanners and
Aerial Photography

Applications

* Geomorphology
' Lrthobgy
* Vegetation

* Vegetation Type and Density
' Geomorphology
* Topography and Erosion Features

C. INLAND WATERS

Systems

Lancisat

Landsat and SPOT

Aerial Photography

Airborne Thermal
Scanners

Applications

* Suspended Matter
* Transparency
* Chlorophyll
* Surface Temperature

' Floating Layers of Aigae
•Density of Water Plants

• Density and Spwtos of Water
Plant»

* Temperature and Cunnts

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich. Germany, 30 March-4 April 7992
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2. TIDAL WATERS

Management of tidal waters shifted over the years from economical
interest, such as shipping and fishery, towards ecological aspects. In
particular for large tidal waters, such as the North Sea, remote
sensing can provide valuable information on water quality
parameters, which are used for ecological monitoring.

Water quality observations of tidal waters are generally made by
optical and thermal satellite systems (NOAA, Landsat and SPOT).
Radar techniques can be used to detect oil, wave patterns and
currents. Information on waver and currents can be used in wave-
and wind forecasting models.

The optical and thermal scanners of the NOAA satellite provide
operational products for management of large seas. For Western
Europe two optical images and four thermal images are recorded
daily. For the North Sea standard products of total suspended matter
(mg/l) and sea surface temperature (0C) are made (Réf. 1). For
individual points the accuracy of suspended matter and temperature
observations from NOAA is rather tow. On the other hand, the high
frequency synoptic observations of suspended toad concentrations
and related pollution, and the observed patterns of temperature and
related currents give much additional information to the water
manager (figure 1 ). Combination of thermal NOAA imagery with heat
exchange models or numerical current models have shown good
prospects. Furthermore, qualitative images of algae blooms can be
derived from NOAA-AVHRR imagery.

The information obtained from the NIMBUS Coastal Zone Colour
Scanner (CZCS), which was operational from 1978 to 1984, is still
being used for determination of the turbidity of coastal waters.
Furthermore, spatial and temporal analysis of ecological parameters
such as chlorophyll, algae and micro-pollutants, is performed on the
basis of CZCS data. For smaller delta areas Landsat and SPOT
imagery have better potentials to detect sediment load and currents.

High-frequency radar (HF-radar) operated from shore is an technique
used for monitoring surface currents with high accuracy (Réf. 2). In
combination with flow models HF-radar can be used for convoying
ships.

Side Looking Airborne Radar (SLAR) and Synthetic Aperture Radar
(SAR) are used to detect currents and local wavelengths and wave-
directions (figure 2). SLAR is also applied on an operational basis for
detecting oil spills. Finally radar techniques proved to be valuable for
mapping sea bottom topography in shallow waters. Although
absolute water depths cannot be measured, radar can be used to
monitor transport of sand along the sea bottom.

3. COASTAL AREAS

Tidal waters are bordered by a zone of land which is influenced by
the sea. Intertidal areas (such as the Dutch and German
Waddensea) are flooded every day by salt water, while salt water
marshes are flooded once in a while. Apart from environmental
problems in these inlertkial areas and salt water marshes, protection
of lowlands against flooding, especially with respect to sea level
changes, is one of the main problems in coastal areas. Coastal
defence is concentrated mainly on coastal fore dunes.

Landsat and SPOT imagery are used for mapping geomorphology
and for monitoring sedimentation and erosion features in estuaries
(figure 3). For non-vegetated tidal flats also maps with sand/clay
percentages can be obtained from Landsat. Although the absolute
accuracy is rather tow, the detected patterns of mud give a good
insight in the distribution of micro-pollutants in tidal areas.

Vegetation maps of inlertkial areas and salt water marshes are
generally made on the basis of false colour aerial photography, in
combination with field observations (Refs. 3,4). Vegetation density
can be derived more quantitatively from digital airborne data, while
for tow vegetation on tidal flats biomass can also be measured from
digital imagery.

The marram grass vegetation of the coastal fore dunes plays an
important role in the defence of the coast. By means of aerial
photography and multi-spectral scanning techniques biomass
estimations of this grass vegetation can be made. Furthermore
monitoring of coastal erosion is performed on a regular basis by
construction of beach/dune profiles and Digital Terrain Models
(DTM1S)1 using remote sensing techniques.

4. INLAND WATERS

For inland water management optical and thermal remote sensing
techniques are used. For large inland waters NOAA-AVHRR images
can be used, but for small inland waters generally Landsat and
SPOT or airborne techniques have to be applied (Réf. 5).

Landsat and SPOT give images with good spatial detail. The
infrequent passage of these satellites and the small number of non-
cloudy images for cloudy regions makes the monitoring of short to
medium term processes, such as dynamic flow processes in inland
waters, very difficult. For large inland waters a solution to this
problem is the combined use of NOAA-AVHRR for optimum temporal
information and Landsat or SPOT for optimum spatial information.

After calibration with in-situ water samples a number of quantitative
products can be derived from Landsat imagery: Concentration maps
of suspended matter (with an accurary of ± 5 mg/l), chlorophyll/algae
(± 30 ug/l), transparency (± 20 cm) and temperature (+ 1 0C). These
concentration maps contribute to interpretation of point
measurements and optimization of monitoring networks (Réf. 6).

Apart from these quantitative products also qualitative information
can be obtained from Landsat and SPOT, such as floating layers of
blue algae (figure 4), patterns of ice cover and the coverage of
water-meadows in cases of high river water levels. SPOT imagery
appeared to be a valuable tool to obtain a synoptic view of water
plants. The density and spatial distribution of water plants are
important indications for the ecological functioning of water systems
(Réf. 7).

Due to the fixed dates and time of satellite overflights data-
acquisition by airborne remote sensing is more flexible. Aerial
photography and thermal scanning are the main airborne techniques
applied to inland water management.

Aerial photography can provide spatial information on distribution,
density and species composition of water plants. A combination of
SPOT imagery, true colour aerial photography and field measure-
ments seems to be the best tool for biological monitoring.

Detection of discharges in rivers and harbours and monitoring
surface current patterns and dispersion are two important
applications of thermal airborne scanning (figure 5). Discharges of
cooling water and industrial waste water can be detected from
thermal imagery and control can be performed. Surface current
patterns and mixing phenomena in rivers can be studied using time
series of thermal images, especially if these images are used as
input for surface water current models (Réf. 8).

5. NEW DEVELOPMENTS

In the past remote sensing research strongly focussed on the
definition of new remote sensing instruments and analysis
techniques. As interest in remote sensing increases, the activities in
the field of remote sensing have moved from the technology-push
towards the realization of information needs. However, bridging the
gap between the remote sensing experts and the (earth) scientists,
decision makers and politicians still requires a tot of effort.

The recent trend from technology-oriented remote sensing research
towards problem-oriented research is stimulated by the integration of
remote sensing data and other spatial data in Geographical
Information Systems (figure 6). Data-assimilation of remotely sensed
information, in-situ measurements and modelling results also
broadens the potentials of remote sensing.
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Figure 1: NOAA-AVHRR image of the North Sea (4-11-1988);
total suspended matter (mg/l)

Figure 2: ERS-1 SAR image of the Dutch Waddensea
(27-7-1991), currents and waves; ESA 1991

Figure 3: Landsat TM image of the Dutch Waddensea
(25-5-1937); vegetation and geomorphology

Figure 4: Landsat MSS image of Lake Ussel (19-8-1983);
floating layers of blue algae

Figura S: Airborne thermal image of the river Meuse;
waste water disposal of a power plant
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Apart from the above mentioned developments, several new data-
acquisition, such as imaging spectroscopy, laser techniques and new
radar systems, will increase the possibilities of remote sensing to
detect a wider range of water surface phenomena. Furthermore
these new observation instruments new data-analysis techniques,
such as pattern recognition by neural networks, will improve
classification results. Further research on and implementation of
atmospheric correction procedures are essential for quantitative use
of optical data and monitoring water quality parameters (Réf. 9).

Speed and effectiveness of remote sensing data-acquisition will
become more and more important. Already in the first phase of data-
acquisition only those data should be collected which are really
necessary to solve a specific problem. Methods should also be
developed for optimizing the combined use of remote sensing and
field observations. Furthermore new data compression techniques
should be developed to handle the large amount of data and to
transfer these data into knowledge which can be used by water
conservation managers.

Although artificial intelligence and expert systems seem to be the
solution to all our problems, the expertise which should form the
basis of those systems is really the bottle-neck. Cooperation of
scientists from a number of professions, decision makers and
politicians is necessary. The relations between processes and spatial
information on different scale levels, such as the relations between
global climatic changes and local environmental effects, should be
studied.
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In conclusion for future remote sensing research two priorities can
be defined:

A strong emphasis on the applications of remote sensing
for which the information needs of users should form the
starling point.
The need for integration of data-acquisition and analysis
methods to solve the many environmental problems of our
earth.
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EUROPEAN APPLICATIONS OF SPACE-BORNE EARTH OBSERVATION FOR
LAND COVER MAPPING

B. K. Wyatt and R. M. Fuller

Institute of Terrestrial Ecology

ABSTRACT

Information on land surface cover and the manner with which
this changes over lime is needed for a variety of operational
purposes. Data from space-borne earth observation offers a
means of generating over extensive areas consistent and cost-
effective information in digital form, suitable for overlay with
other geographically-referenced datasets or for incorporation
directly into numerical models. A number of recent initiatives
in Europe are building on earlier experimental work in the use
of digital remotely-sensed imagery for land surface mapping
and have resulted in large-scale operational schemes for
national and international applications. This paper describes
one such programme, currently in progress in the United
Kingdom, with the objective of compiling a national digital
map of land cover. The paper places this UK Land Cover
Mapping project in its broader European context, with
emphasis on the need to achieve inter-compatibility between
individual national initiatives and systems developed to service
the requirements of the wider international community.

Keywords: Land-cover mapping, multi-spectral classification,
multi-temporal composites, data validation, CIS.

1. THE EMERGENCE OF OPERATIONAL LAND
COVER MAPPING APPLICATIONS

A striking feature of the history of earth observation has been
the relative pace with which remote sensing has been adopted
as an operational tool in meteorology and oceanography, for
example, compared with its routine use in terrestrial
applications. There are many reasons for this: the atmosphere
and the oceans, by comparison with the land surface, are well-
mixed and homogeneous media, which reward large-scale
treatment. Precisely because the land surface is discontinuous
and heterogeneous, there has been little incentive until recently
to think holistically in relation to land cover.

Lately, the situation has changed dramatically. This Conference
provides evidence of a number of initiatives aimed towards the

production of maps of land surface cover for scientific, policy
and management purposes at national, European and global
scales.

Two factors have contributed to this change. On the one hand,
a user community has emerged with clearly defined needs for
land surface data at national and larger scales. An important
stimulus for this has been the growing realisation of the extent
and rate of recent and future environmental change, especially
change brought about through differences in land usage and
through global warming. Management of change on this scale
demands integrated planning of land resources in order to
reconcile conflicting demands of agriculture, forestry, water
resources, recreation, industry and environmental quality. This,
in turn, requires consistent information on present land uses
and future trends.

At the same lime, significant improvements have come about
in the content and availability of data from earth observation
systems and in the methods which can be used to extract
information on land cover. These developments include:

• the availability, from the mid-1980's, of
data from Landsat-TM and SPOT, both offering
imagery at a resolution consistent with Geld-by-field
mapping in most European landscapes;

• the evolution of an archive of imagery
which now provides comprehensive high-resolution
multi-date cloud-free cover of Europe;

• the use of multi-temporal imagery and
contextual information from other digital data
sources to improve discrimination;

• modifying the aspirations of users in line
with the technical feasibility of mapping land da
from their radiometric and contextual properties.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992)
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2. THiE EUROPEAN CONTEXT

Examples of European countries with emergent national land
cover mapping programmes, following this general pattern,
include the United Kingdom, the Netherlands, Sweden and
Finland. The European Community has a similar requirement
for information on land cover to support environmental policy
and appraisal and for use in other sectors, such as Agriculture
and Regional Development. Individually, the various
independent national land cover maps are unsuitable as a
means of servicing the broader European strategic requirement
because the national databases are each structured in response
to particular national priorities. This makes for obvious
difficulties, for example, when compiling Community-wide
maps and statistics from the different national classifications
and nomenclatures.

For Community purposes, a common framework is needed,
including a single European nomenclature of land cover and
consistent methods for delineating and classifying land parcels.
The CORlNE Land Cover Project, (Réf. 1), part of an
experimental programme to coordinate environmental
information across the European Community, (Réf. 2), has
been designed with this objective in mind.

Conversely, national requirements differ from the more
strategic needs of the European Commission, particularly in
relation to the spatial scale and resolution needed. A single
Community-wide database of land cover cannot satisfy
simultaneously the synoptic needs of the Commission and the
requirements of the Member States for more detailed
information. Given that separate systems are required at these

I F

FUIAL
CLAM
HAV

1.ABCHWW3
2. INPUT TO GM
3. VALlDATIOH «

CALIBRATION -Y-
IKaBQUABEt

J
BMlocr

FV- 1: Overview of methods used to compile load cover maft of Great Britain



657

two levels, it then becomes essential to achieve and maintain
consistency between Community systems and those designed
to service more detailed national objectives.

One example of how this can be achieved is given by the
hierarchical land cover nomenclature adopted in the CORINE
system, in which 44 'European' land cover classes can be
further sub-divided, if necessary, to allow definition of more
detailed classes, of local significance.

3. THE UK PROJECT '.MAPPING THE LAND COVER
OF GREAT BRITAIN'

3.1 Objectives

'!Tic purpose of the British land cover mapping project is to
generate a comprehensive national digital map of land cover,
al a field-by-field scale. Examples of intended applications
include:

• National strategic land use planning

• Countryside Management

• Nature conservation and habitat protection

• Ecological research

The database is not intended to support repetitive monitoring,
such as would be needed for agricultural inventories or for
estimation of crop yields. However, its potential as a baseline
for detecting and estimating longer-term environmental change
is obvious, and consideration is already being given Io the
development of methods to exploit this potential, for example
by updating or repeating the map at regular (S-IO year)
intervals.

3.2 Methodology

The method is based on the use of multi-temporal Landsat-TM
imagery (Figure 1). A composite image is generated by co-
registering pairs of images acquired within and outside the
growing season. Data from 6 of the 12 available channels are
used in the classification, 3 from the summer scene and 3 from
the winter pairing. Complete coverage of Britain will involve
the generation of a mosaic of abou! 60 quarter-scenes of
combined summer and winter Landsat-TM imagery (Figure 2).

'!"he procedure employs a conventional supervised classification
approach, using a maximum likelihood per-pixel classifier
(ReIs. 3, 4). It is recognised that improved results could be
achieved using more advanced procedures, for example,
automatic image segmentation and contextual methods.
However, the extent of the task is such that the first priority
was to create a production environment, in which speed and
ease of implementation were paramount.

Digital output lakes the form of a 25 m re-sampled raster
image, registered to the British National Grid. For convenience
of data storage, the database is held as 100km x 100km tiles;
this tiling is transparent to the user.

'!Tic baseline reference year for the map is 1990. However,
since cloud-free imagery for the whole country was not
available within a single year, imagery was accepted within a
window of ± 2 years from 1990.

Fig. 2: Mosaic ofLandsat-TM cover of Gnat Britain and status
of mapping programme, April, 1992

INTEGRATED DATA CAN GIVE IMNLOVED ESTIMATES,

WITHIN SOUND SPATIAL FKAMEWOKK, AND THB

MEANS TO MEASURE AND MODEL PROCESSES

Fig. 3: Countryside Survey 1990 - relationships between the
field and satellite surveys

The project was carried out within the context of a broader
survey of the rural environment in Britain, entitled Countryside
Survey, 1990 (Figure 3). In parallel with the satellite-based
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land cover mapping described here, Countryside Survey, 1990
entailed a programme of field survey carried out at 512 sites,
dispersed throughout Great Britain. These sites were chosen as
representative of 32 broad landscape classes or strata,
delimited on objective geo-dimatic criteria. Together, the 512
sites form a stratified random sample of the range of
landscapes encountered in Britain. Data from survey of the
sites can therefore be used Io compute estimates of national
and regional conditions (Réf. 5).

Each site comprised a 1km2 cell of the British National Grid;
the ground survey entailed comprehensive observations of land
use, together with lists of plant species, soil type and water
quality from within smaller sample quadrats. The land cover
data recorded in the field provide a unique independent
reference set for validation of the remotely-sensed map; the
more detailed field data can also be used in association with
the land cover map to generate statistical estimates of features
that are not measurable directly by earth observation (eg
species composition within the land classes).

A target set of 25 land cover classes '(Table 1) was agreed
after wide consultation with the user community in the UK and
after consideration of other relevant nomenclatures such as
CORINE Land Cover, the UN/ECE land classification and
earlier land cover nomenclatures in use in the UK.

Land Description
Class

1 Sea
2 Inland water
3 Beach
4 Salt marsh
5 Grass heath
6 Pasture / amenity grass
7 Meadow / unimproved grass
8 Marsh / rough grass
9 Grass moor
10 Grass / shrub moor
11 Upland dwarf shrub
12 Bracken
13 Dwarf shrub heath
14 Scrub
15 Deciduous wood
16 Evergreen wood
17 Upland bog
18 Arable land
19 Ruderal land
20 Suburban / rural development
21 Industrial / urban
22 Bare ground
23 Felled woodland
24 Lowland bog
25 Grass / shrub heath

table 1: Classes recognised in the VK map of land cover.

Training was carried out on spectrally uniform units identified
in the imagery whose identity was kuown from ground

reconnaissance. Because the target classes are spectrally
composite, this necessitated the use of >70 spectrally unique
sub-classes in training, which were subsequently merged to
form the final set of 25.

An important feature of the methodology was the use of
contextual editing after classification to resolve anomalies
resulting from spectral ambiguity between certain classes. For
example, coastal, urban and upland masks were generated from
digital cartographic sources or directly from the classified
imagery, using a piecewise linear transform. Land parcels
within the urban mask which had been mis-classified as
agricultural or natural land cover categories were transformed
to the most likely urban class; similarly, areas mapped as
maritime vegetation which fell outside the region defined by
the coastal mask were converted to those terrestrial classes
which shared similar spectral signatures. The contour mask
was used to differentiate between vegetation types
characteristic of upland and lowland environments.

Preliminary verification is being undertaken by comparing the
land cover map with field observations made along transects
selected for the purpose. Final validation will be carried out
against digitised maps which record the results of the
independent ground-based observations from the 512 1km x
1km sample squares within Countryside Survey, 1990.
Corresponding 1km units have been extracted from the land
cover map and comparisons will be made on a per-pixel basis
and also with respect to estimates of total extent of each land
cover class within every 1km2 grid cell.

3.3 Results

Classification of Great Britain, following the above procedures,
is scheduled for completion early in 1993 (see Figure 2). The
results available to date suggest an accuracy of 85 - 90%,
measured per land parcel; >80% measured per pixel.
Differences between the reference field survey and the map
generated from classification of remotely-sensed imagery are
due to a variety of factors, including:

• the difficulty of accurately classifying
mixed pixels, particularly at boundaries between land
parcels and along linear features;

• slight (< 1 pixel) mis-registration between
imagery and digitized field maps;

• differences in classification nomenclature
used in field survey and image classification, which
make for difficulties in inter-comparison. For
example, areas of mixed vegetation such as agro-
forestry were recorded as such in the field survey,
while the classification identified their components
(trees and grassland) individually.

Although the mapping programme will not be completed until
the end of 1992 and validated data will not be available until
1993, the project has already attracted considerable interest and
geographical subsets of the database are now in use or
scheduled for use in a variety of applications in research and
environmental management (See Table 2). In particular, the
map will be incorporated within a national environmental
geographic information system, which will allow investigation
of interactions between land use, climate and environmental
impacts as a basis for a future modelling capability. Already,
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Scientific analysis of the role of landscape structure
in determining bio-diversity;

Predictive modelling of the ecological impacts of
changed land use and global warming;

Estimation of pollutant loading to aquifers and
watercourses, by integration of digital soils maps,
maps of land use and knowledge of rates of
application of fertilisers and biocides under given
environmental conditions;

Catchment-scale hydrological modelling for
forecasting river flows;

Mapping the distribution of ecologically-important
habitats as a basis for reviewing current nature
protection policies in the UK;

Study of habitat preferences of wildlife by
examining data from radio-tracking experiments
against characteristics recorded in the land cover
map;

Use, in association with digital elevation models, to
plan cell-phone networks by modelling the
attenuation of radio signals by different land cover
types.
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In the. European context, 'single-shot' imagery, even
from a multi-channel senior such a» Landsat-TM,
provides insufficient discrimination for acceptable
mapping accuracy. The need for imagery from
outside the growing season presents problems
because of the high incidence of cloud cover at this
time of the year. It is possible that this difficulty
might be overcome by substituting the winter VIS-IR
dauby SAR.

Ancillary data, such as digital data from topographic
or thematic maps, are helpful and in some cases
indispensable for use in post-classification contextual
editing.

Adequate ground reference data are essential in
defining suitable training areas for the supervised
classification, as an aid to quality control during
processing and as a means of assessing the accuracy
of the final product.

European Community requirements for land cover
data differ from the needs of national authorities, for
example, in the spatial resolution and the detail with
which land parcels are described. The Community
requirement is met by the CORINE Land Cover
project, and it is important that consistency should
be maintained between this and corresponding
databases in the Member States.

S

1

TabU 2. Examples of suggested applications/» Uu UK laitd
cover map

work has begun on an experimental basis to investigate how
the distributions of plants and animals, as recorded in
databases held by the Institute of Terrestrial Ecology, are
influenced by the composition, form and structure of the
landscape, measu.cU from the land cover map in terms of
variables such as patch size and frequency, patch shape (eg
ratio of area to perimeter), fragmentation and isolation of
landscape units and neighbourhood measures such as density
and diversity of patches.

A pilot study has also been completed on the feasibility of
generating data to conform with the standards of the CORINE
Land Cover system. Automatic conversion of a sub-set of the
data from raster to vector form has been undertaken, followed
by filtration and generalisation of the resultant vector file Io
produce data consistent with the CORINE land classes and
minimum mapped area of 25ha.

4. CONCLUSIONS

1 Data from the present generation of space-borne
sensors can be used operationally to generate maps
of land cover at spatial scales and with sufficient
discrimination to be useful for national strategic
land-use planning and for a variety of other
applications in environmental research and
management.

2 Automatic per-pixel classification is a cost-effective
means of achieving this goal and has advantages of
objectivity and repeatability.
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ABSTRACT

The University of Lisbon Group of Oceanography is
supporting operationally the Portuguese tuna and swordfish
fisheries by providing them with near real-time products
based on satellite measurements of sea surface temperature.
These products include charts with the location of thermal
fronts and isotherms. Besides these operational activities,
three research programmes are being carried out to
investigate the relations between tuna, swordfish and sardine
aggregations and the distributions of océanographie
parameters as observed by the fishermen and using satellite
data. A preliminary finding of this research is that sardines
concentrate in moderately cool, relatively "old" upwelling
waters, on the inner shelf off western Portugal. On the other
hand, swordfish and tunas are preferentially found seaward
of the semi-permanent thermal front separating coastal
waters from the wanner open ocean.

Keywords: Satellite Oceanography, Fisheries Oceanography,
Fisheries Forecasting, Portugal.

!.INTRODUCTION

The Oceanography Group of the University of Lisbon is
conducting an applied research programme for supporting
operationally the Portuguese fisheries using satellite data,
under the SATOCEAN Project ("Development of Satellite
Oceanography in Portugal"), which is sponsored by the
NATO Science for Stability Programme. Since 1989, the
SATOCEAN team has supported several fisheries (swordfish
and tuna) by providing them with near real-time satellite-
derived products that include charts with isotherms and/or
locations of fronts. These products are tailored for each
fishery according to the state-of-the-art knowledge on the
relationships between fish aggregation and temperature
distribution and also using the experience that has been
acquired in the meantime under SATOCEAN. These
activities improved considerably since the installation of a
NOAA-N HRPT receiving station at the Space
Oceanography Facility of the Lisbon University Group of
Oceanography in December 1990 (see Fiûza and Oliveira,
1992 - Réf. 1), and includes presently three different sub-
projects: (i) the sardine fishery along the west coast of
Continental Portugal; (ii) the swordfish and tuna fisheries off
Continental Portugal; and (iii) the tuna fishery in the Azores
region (see Fig. 1 for locations) In association with these
operational activities, the SATOCEAN team is investigating
the relation between fish concentrations and the distributions
of océanographie parameters, mainly sea surface
temperatures and their horizontal gradients. This research is
based on in situ observations made voluntarily by the
fishermen associated with the SATOCEAN Project,

supplemented by thermal satellite imagery obtained at the
Space Oceanography Facility in Lisbon.

2. DATA AND METHODS

2. !.Fishery Data
The fishery data available were obtain from records kept by
several masters of sardine purse-seiners and one longline
fishing vessel operating in the area off Continental Portugal.

Fig. 1: Chart of the NE Atlantic ocean, showing the location
of Continental Portugal and the Azores and Madeira
archipelagos.

This information includes date and time of the fishing set,
location, total depth, fish school depth estimated by echo-
sounder (only for sardine), total catch in weight and in
number of fish (only for swordfish and tuna), and amount of
fish estimated by echo-sounder (only for sardine). For the
tuna fishery programme in the Azores region there are no
fishing data available, apart from some informations
reporting fishing success in the areas indicated in the fishery
advisory products provided under SATOCEAN, which are
transmitted verbally by some fishermen to the fishing
company headquarters.
A total of 487 sardine fishing sets and 81 swordfish longline
fishing sets were used in the statistical analysis presented
below. The sardine data available for the analysis were
collected during two fishing seasons, from September 1989
through November 1989 and from June 1990 through
January 1991. The longline data (mainly swordfish and also
tunas) were collected off Continental Portugal during the
swordfish fishing seasons of 1990 (May-November) and
1991 (July-September).

2.2. Sea Surface Temperature CSS1D
2.2.1. In situ measurements. Sea surface temperatures were
measured by the fishermen during their activities, using
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"bucket" thermometers at depths of approximately 1-3
meters from the sea surface. These thermometers were
previously calibrated in a laboratory at the University of
Lisbon.
The times given for the measurements were: (i) for the
sardine purse-seine fishery, on completion of encircling the
fish school; and (ii) for the swordfish longline fishery, at the
beginning and ending of the longline setting and hauling
(therefore 4 independent measurements were available for
each of these fishing sets).
2.2.2. Satellite remote sensing measurements. All the images
used were from the NOAA-IO and 11 satellites and were
received at the University of Lisbon Space Oceanography
Facility or acquired from the NERC Satellite Station at the
University of Dundee, U.K. A total of 95 AVHRR/2 images
were collected at approximately the same dates as the
sardine fishery data and 22 similar satellite images were
used covering the 1990 swordfish fishing season.
All the AVHRR/2 infrared data were processed using the
hardware and software of the University of Lisbon Space
Oceanography Facility. Each image was geographically
registered to linear latitude-longitude co-ordinates using
satellite orbit elements supplied by the U.S. Department of
Defence which are sent to the University of Lisbon on a
routine basis by SeaSpace Co. Because of satellite clock
time errors and inaccuracies in the attitude control system of
the satellite a further visual interactive process was used to
bring some reference marks into exact alignment with the
actual land points (SeaSpace, 1990 - Réf. 2). Normally,
small corrections for clock and roll errors are sufficient to
align the reference marks.
NOAA-11 AVHRR/2 radiances were converted in per cent of
albedo and degrees Celsius using the methods described in
Lauritson et al., 1979 (Réf. 3). After the radiometric
calibration the data were subjected to a variety of tests (3 to
5 tests) to identify and eliminate cloudy areas and also to
eliminate the pixels with satellite zenith view angles greater
than 60 degrees (Réf. 2). Data from cloud-free pixels were
tht;n converted into sea surface temperatures using the
NOAA/NESDIS operational night-time ch4/ch5 algorithm
for atmospheric correction. Sea surface temperatures using
NOAA-IO data were computed using the method described
in Appendix C of Réf. 2.
SST gradients were computed using a 3x3 Prewilt operator
(Rosenfeld and Kak, 1982 - Réf. 4). The magnitude of the
SST gradients was determined from the horizontal
(meridional, y, and zonal, x) vector components using:

G = (Eq. 1)

A comparison between satellite-derived SST and in situ SST
measurements was performed using ordinary least squares
linear regression along with diagnostics on the residuals, in
order to check if the errors were normally distributed, if they
had a constant variance and if they were independent from
each other. In this analysis only satellite images with less
than 12 hours differences relatively to the time of the fishing
set were used; in more than 50% of the cases this time
difference was less than 8 hours (Fig. 2).
In order to assess the adequacy of the linear regression
model computations of the simple Pearson correlation (T), of
the coefficient of determination (r2), of the standard error of
the estimate, and of the standard errors of the regression
coefficients were also made, and a t statistics and an analysis
of variance (ANOVA) were applied.

I 2 3 4 5 6 7 8 9 10 Il 12 13

AbsoUe time difference (hours)

Fig. 2: Distribution of the absolute time differences between
satellite passes and corresponding fishing sets.

3. RESULTS AND DISCUSSION

3.1. Satellite and In Situ SST measurements
Table 1 and Fig. 3 summarise the results of the regression
and correlation analysis between the satellite-derived SST
(MCSST) and the in si Iu SST measurements.

Table 1: Summary of the results of the linear regression
model of satellite-derived sea surface temperatures
(MCSST) versus in situ sea surface temperatures (CST).

Dep. van: MCSST n=98

Variable
Constant
SST

Coef.
1.356
0.950

r=0.888

SE
0.884
0.050

1^=0.788 SEc=1.031
t

1.535
18.894

P(2 tail)
0.12
0.00

Analysis of Variance
Source

Regression
Residual

SS
379.225
101.980

df
1

96

MS
379.225

1.062

F-ratio
356.987

P
0.000

SST(0C)

Fig. 3: Regression of satellite sea surface temperatures
(MCSST) against sea surface temperature (SST) observed
from fishing vessels. The solid line represents the
regression line described by the equation shown in the
inset and the dashed line is the perfect regression line. The
values of the simple Pearson correlation (r) and of the
probability (P) for r = O are also indicated.

The I statistic for the regression slope (t = 18.894), which is
equivalent to testing the significance of the correlation
between the two different methods of measuring SST,
indicates that the null hypothesis (H0: slope equal to zero) is
rejected at a highly significant level (P « 0.001). This is
also confirmed by the analysis of variance reported in Table
1. The value of 0.888 for the simple Pearson correlation (r)
leads to the conclusion that there is an highly significant
correlation between the two SST variables. On the other
hand the value of the r2 = 0.788 reveals that about 80% of
the variation of the satellite SST is accounted for in the
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linear model. These results indicate clearly that the satellite-
derived measurements performed well, and also that the
measurements made by the fishermen are reliabK

3.2. The Sardine Fishery Off Continental Portugal
The sardine fishery has the largest volume and total value of
the Portuguese fisheries (Santos, 1989 - Réf. 5), therefore
constituting one of the most important fishing resources of
Portugal. It takes place along the whole coast of Continental
Portugal but mostly off the NW coast. An analysis of the
sardine data collected under SATOCEAN in the area
demonstrates that this fishing activity occurs very near the
coast, mainly between the isobaths 30-60 m (Fig. 4).

140

120

Jj 100

f so
«g.

•S
£

15 25 TA 4S 55 (S TS if W 105 115 125 135 145 155 165

Depth dus (m)

Fig. 4: Frequency distribution of the number of sardine
fishing sets by local bottom depth. In the x-axis the mid-
values of each depth class (10m intervals) are indicated.

The european sardine (Sardina pilchardus) is not very well
studied in what concerns the relations between its
availability and environmental conditions. Thus a research
programme is presently being conducted by the SATOCEAN
team in order to investigate the feasibility of applying
satellite-derived data to support this very important fishery.
Preliminary results, using catch data graphically
superimposed on thermal satellite imagery, indicate that
sardine availability is higher along thin filaments of
moderately cool, relatively "old" upwelling waters, on the
inner shelf off western Portugal, as illustrated by the
example of Plate 1. This conclusion is corroborated by the
distribution of the catches per fishing se'. *>y temperature
intervals, as obtained from data provided by the fishermen
under this programme (Fig. S). In an earlier research
conducted off western Continental Portugal in 1976/7, Fhlza,
1980 (Réf. £) also observed that sardines aggregate in the
cool side of thermal fronts in SST around 14° C.

135 145 155 165 175 185 195 205 215
SST class CC)

Fig. 5: Frequency distribution of the catch per sardine seine
set as a function of the SST measured by the fishermen. In
the x-axis the mid-values of each SST class (1° C
intervals) are indicated.

Another finding of this research programme is that the
sardine schools are found at subsurface levels at depths

between 20-50 m, generally near the sea bottom. In this
study approximately 50% of the schools were found at
depths of less than 10 m from the bottom, and more than
70% in less than 20 m. Therefore the knowledge of the
relation between sardine aggregation and the vertical thermal
structure becomes as important as their relationships with
the horizontal surface temperature field. Several sardine (and
also swordfish) fishing vessels will soon be equipped with
expendable bathythermograph (XBT) systems, in order to
obtain vertical profiles of temperature during their fishing
activities, thus enabling the SATOCEAN team to use
simultaneously obtained satellite-derived surface
temperature distributions for evaluating their reliability as
indicators of subsurface structures favourable to fish
aggregation.

3.3. Swordfish and Tuna Fisheries Off Continental Portugal
The swordfish fishery is a longline fishery occurring in the
central region of the west coast of Continental Portugal (Fig.
1). Because of the scant knowledge about swordfish ecology,
the SATOCEAN programme concerning this fishery is
mainly at a research stage. Notwithstanding, the
SATOCEAN team, after previous discussions with a fishing
master involved in the programme, has already begun an
experiment to support operationally this fishery. Under this
experiment, every Monday a satellite-derived chart with
isotherms is constructed with the most recently available
data at the Space Oceanography Facility and is sent by fax to
the fishing co-operative where the fishing master receives
the information before departing to his activity.
A first result of this programme is that swordfish are mainly
found in temperatures greater than 20° C in the study area
(Fig. 6), offshore of the semi-permanent thermal front which
separates coastal upwelling waters from the wanner OCCUTJC
waters (see Plate 2).

165 175 185 195 205 215 225 235 245
SSTClassCC)

Fig. 6: Frequency distribution of the swordfish catch per
longline set as a function of the SST measured by the
fishermen. In the x-axis the mid-values of each SST class
(1° C interval^ are indicated.

Tunas are incidentally caught by the swordfish longline
fishery and this information is also available because the
fisherman reports separately the different fish species that
are found when the longline is hauled. Therefore a study on
tunas is also possible using this fishing data.
Albacore (Thunnus alalunga) were found essentially in SST
ranging from 16° C to 19° C, but the higher bigeyc tuna
(Thunnus obesus) catches per fishing set were observed in
warmer waters (Fig. 7). These results confirm previous
conclusions reported for these two species by Uda (in HeIa
and Laevastu, 1970 - Rcf. 7) and for albacore by Clemens.,
1961 (Réf. 8).
More detailed research on these tuna species will be
conducted in the near future under SATOCEAN because this
will also constitute an input for the operational support to the
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Plate 1: Satellite-derived sea surface temperature distribulion off NW Portugal on September 20, 1989, and
sardine fishing sets (squares) during September 19-20, 1989. The sizes of the squares are proportional Io the
amount of sardine catch and represent, in ascending order, poor catch, average catch, and catch above the
average. The grey shades represent, from white to dark grey, increasing sea surface temperature values.

tuna fishery in the Azores region, which will be described in
the next subsection.

165 17.5 185 193 205 215 225 235 245

SSTCbss CC)

Fig. 7: Frequency distribution of tuna species catch pel
swordfish longline set as a function of the SST measured
by the fishermen. Numbers on the x-axis indicate the mid-
values of each SST class (1° C width).

3.4. Tuna Fishery in the Azores Region
The Portuguese tuna fishery takes place mainly in the Azores
and Madeira regions (see Fig. 1). In the Azores tunas are
caught principally by pole and line fishing. Tunas appear to
aggregate in the vicinity of strong thermal fronts for feeding
(e.g., Laurs and Bracks, 1985 - Réf. 9; Fiedler and Bernard,
1987 - Ref 10). Therefore, an analysis/prediction scheme for
the location of zones potentially favourable for tuna fishing
was developed for the Azores region, under SATOCEAN,

using thermal infrared imagery obtained by the NOAA-N
satellites.
Under this operational programme, satellite data are
processed as to produce maps of SST values and also of SST
gradient distributions, in order to identify and locate the
stronger oceanic thermal fronts in the fishing area. Using
this satellite-derived information the SATOCEAN team
prepares advisory products indicating the location of
potential favourable tuna fishing zones which are sent, by
fax, to the Azores fishing company associated with
SATOCEAN (Fig. 8).
Apart from satellite-derived charts, each of these fishery
advisory products contains a small report describing the
evolution of the océanographie conditions in the region,
based on the analysis of sequences of satellite images, and
also the location of the thermal fronts by means of
geographic co-ordinates.
The first results of this programme in what concerns the
possibility of supporting the Azores fisheries using NOAA-N
satellite data were surprisingly good, talcing into account the
intense cloud cover that prevails in that region. Based on an
analysis of 30 years of cloud observations at meteorological
stations in several inlands of the Azores, Laurs et al., 1989
(Ref. 11) concluded that it would be possible to have only a
cloud-free image of the Azores region every 10-14 days
during the spring and summer months, which correspond to
the tuna fishing season in that region. Nevertheless, during
the 16 weeks of this programme in 1991, only in 4 weeks no
information was sent to the fishing company because of
cloudiness; during half of that period, it was even possible to
prepare and send charts twice a week. It is obvious that the
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Plate 2: Swordfish longline fishing set off the Portuguese central west coast on the night of July 21-22, 1990
(indicated by the two white lines, one corresponding to the setting of the longline and the other to its hauling)
superimposed on a nearly contemporaneous (July 23, 1990) satellite-derived sea surface temperature chart. The
grey shades represent, from light to dark tones, increasing sea surface temperature values.

efficiency of this near-real time support is due to the
availability of the Space Oceanography Facility at the
University of Lisbon.

j NOAA-XAVHRRDATA |

I
SEASURFACE

TEMPERATURE
(SST)

SST GRADIENTS

SATELLITE-DERIVED
FISHERIES SUPPORT

PRODUCTS

Fig. 8: Schematic flow diagram representing the data
processing and analysis stages, from the reception of the
NOAA-N HRPT data at the Space Oceanography Facility
of the University of Lisbon till the preparation of the tuna
fishery support product.

In relation with the use of the satellite-derived fishery
advisory products by the Azores tuna fishermen, the only
feedback to the SATOCEAN team was that several masters
used the information and found tunas in the areas indicated
in the charts. This lack of feedback will here to be solved in
order to validate the predictions and to provide more
accurate fisheries support.
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Al'I 'UCATlON OF SATKLIJTK IMAGKKIKS DATA TO KISHKKIKS IN JAPAN

Hideo Tameishi Osamu Honda Toshiyuki Kohguti Shin Ku j i t a Katsuya Saitoh

Japan Fisheries Information Service Center (JAFIC)
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J A K l C makes the Satellite Aided Océanographie Condition
Charts w i th NOAA A V U R R data and sends these charts to
f ishing vessels at sea experimental. Because, it was shown
tha t the NOAA A V f I R R data were applicable to fishing ground
forecasting. The indexes of f i s h i n g ground forecasting are as
follows.
The f i rs t index for monitoring f ishing grounds is the most
fin-Durable température range of a target f ish.
The secrnd index is an océanographie enviroment such as
warn cold current , warm'cold eddy, front and intrusion of
'Aarm/cold water \ \h ich is produced as a fisheries Océanographie
Chart by JAFIC.
The third index w i l l be OCPHM coin* „ hich corresponds to distr-
ibut ion of phytoplanckton, ttvii ,:• ?---\\ condition. However the
ocean color is not described in t'r,. ••! ,.Hp but for further study
in future .
And then JAFlC developed a discriminant prediction system of
skipjack fishing ground formation using the XOAA AVHRR
data (1982-1985). The discriminant prediction formula is as
follow.

F=0.32X, -0.36X,-0.88X,

1. INTRODUCTION

The seas off Japan Islands are known as frontal f ishing grounds
where the Kuroshio Current ( the warm current coming from
the South Pacific) and the Oyashio Current (the cold current
coming from the Kuri l Islands) mix each other. Particularly
the northeast offshore of Japan Islands is forming a very good
environmental condition for fisheries because eddies and fronts
are well developed.
The northeast area, known as one of the four biggest fishing
grounds in the world produces 15 percent of the world fish
products including both warm and cold current fishes.
Though the existing satellite sensor cannot identify individual
fish, the physical environment of inhabitant fishes such as
temperature, salinity, density and ocean color can be detected.
Out of the environmental factors, temperature is the most useful
and practical factor because fish is an animal of variable body
temperature which always looks for the most favourable temp-
erature range. One should note that fish can spawn, feed and
migrate only in an allowable range of temperature.

2. PRESENT STATE OF FISHERIES INFORMATION
SERVICE IN JAPAN

Sea surface conditions, for example distributions of the Kuro-
shio and the Oyashio currents, are identified by isothermal
map of the surface temperature. Inshore fishes of Japan
Islands take adaptive movements to their preferable water tem-
perature and to water f ront , eddies and cruuents. Therefore, i
nformations on these sea surface conditions can be uti l ized for
efficient discovering of fishing grounds, and they are in turn
effective to save fuel consumption of fishing boats.
Hitherto the informations on sea surface temperature are
gathered by ships and aircrafts, however recently utilizations
of NOAA satellites are increasing day by day. The temperature
data from NOAA satellites are as dense as 10,200 points in 1
degree square of lat i tude and longitude. Because of this high
data density, fronts and eddies related to fishing ground are
identified vere easily. The NOAA data are making a new era
in forecasting of fishing grounds. The Japan Fisheries Infor-
mation Service Center ( JAKIC) now uses ihe NOAA data to
extract informations to sea surface conditions and disseminates
the informations to fishing boats in ocean. This receiving, pro-
cessing, and disseminating system is shown in Fig. 1 This
system operates as follows :
1) NOAA data are received at the Data Processing Center of the

Meteorological Agency.
2) The received data are transmitted to the JAFIC through

a high speed digital channel (optical fiber cable).
3) Image processing and analysis on the data are carried out at

the JAFIC.
4) The processed and analyzed data, including informations on

currents, eddies, fronts, and fishing grounds, are transmitted
to fishing boats in offshore by facsimile via the central fishing
wireless station.

5) The data are also transmitted to fisheries industry by telex.
mail, and personal computer network.

3. METHODOLOGY FOR FISHERIES DETECTION

The most important information for fisheries detection is the
most favourable temperature and range with respect to fish
species and month. Table 1 shows the most favourable tempe-
rature and/or range, of which statics were taken from 1972 to
1977 by JAKIC.
The fishery analysis is made by NOAA AVHRR sea surface
temperature (Figure 1) off Japan Islands and by a Fishing and
océanographie condition chart which indicates front, current,
eddy, intrusion and specific fishing grounds, as shown in
Figure 2.
Fishery information as the sea truth was given from logbooks
of fishing boats.
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Î. THK HKSn/rS OF I M A G K ANALYSIS

1.1 Skipjack Fish ing ( ï rounds
Figure 3 shows NOAA A V l I R H thermal imagery w i t h f i sh ing
grounds of skipjack and saury on October M, 1982. As shown
in Talilo 1. tlu i most favourable temperature range for skipjack
i orrespunded to 19 degree off Sanriku and 18 degree off Kushiro
in i t ^ f l a i l i n g grounds,
TIh ' - k i j M . i c k ( i sh ing grounds in Figure 3 were loralpd at southeast
f r inge oi a warm eddy and south front of the Cyashio Cold
Current.
Kigure 1 shows six time:senes of XOAA AVHRR thermal band
from September I tu October 10. 1987 together with skipjack
f i sh ing grounds (solid circle) which were reported by fishing
boats. From these images, it can be pointed out that skipjack
f i sh ing grounds are discovered at the front of warm eddy wi th
rather higher rurrent velocity. The migration of skipjacks was
clockwise as same as the warm eddy. In accordance wi th tem-
perature docreasp of a warm eddy as denoted by A in the figure,
the skipjack f ishing grounds moved to the othc'r warm water as
denoted as R in the figure. The southward migration of skip-
jack w i l l he judged to start in the midd le or end of September.
One can note t h a t outer fringe of a warm eddy with a suitable
temperature for skipjack wil l be good f ishing grounds.

4.2 Saurv_Fishing_Ground_s
Figure 3 shows also saury f ishing grounds (solid circle) at the
topend of the first southward cold current on the left side with
a temperature of 17- 18 degree, at the second distr ibutary of cold
current (east of a warm eddy) with a temperature of 14 degree
and at the southern part of the third distr ibutary of cold current
w i t h a temperature of 13-15 degree.
H can be noted tha t saury f ishing grounds wi l l be found at the
southern parts of cold current with the suitable temperature
range.

4-3 Squid Fishing Grounds
A progression of a warm streamer from the Tsushima Current

to the warm core ring in the east of the Ynmato Bank during
Jun . (10-13, 1986)
A \ \ a r rn streamer nt the ridge of the frontal wave was entrained
into the warm core ing staying near Stn. G. Head of the stre-
amer progressed and drew half a circle wiht 'in three days.
Schools of "Squid" move along the warm streamers in the
northward migration. (Figure 5)

5. APPLICATION OFf MOS-I VTIR DATA
TO FISHKRIES SERVICK

The JAF(C developed a discriminant prediction system of fishing
ground formation using the NOAA AVHRR data (1982-1985).
The discriminant prediction formula is as follows:

F-L 1 X 1 • L3X1^L11X1

Here, X , and X j are quant i t ies which related Io the sea surface
temperature gradients in space and time of the concerned area
respectively, and X3 is quanti ty related to the general knowledge
that the skipjack fishing ground is formed in their favorite
température region of northern part of the Kuroshio current,
or in warm eddies and near the fronts. Greater the X1, X8,
and X,,, then greater the F. and the possibility of fishing ground
formation will be higher. The coefficients L1, L2 and L:t are
determined as 0.32, 0.36, and 0.88 respectively by the discrimi-
nant analysis. If F > O, the fishing ground will be formed and
F > O, the fishing ground xvill not be formed.
The accuracy of the discriminant formula is checked by the data
of 1982-1985. In the cases of fishing ground formation, for 82%
of them F > O, and in the cases of no fishing ground formation,
for 94% of them F > O. These results show the high accuracy of
the formula . Then the JAFIC applied this discriminant formula
to the MOS-I VTIR data (22 data of VTIR in 1987). In the
cases of fishing ground formation, for 83°6 of them F > O and
in the cases of no fishing ground formation, for 80% of them
F > O. These results are shown in Table ]. Therefore, we can
say that the MOS- 1 VTIR d^ta are applicable to forecasting of
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Table 1 The Most Favourable Temperature and Range

Upper row the most favourable temperature in Centigrade
Lower row the allowable range in Centigrade
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Fish

Saury

Sardine

Squid

Mackerel

Skipiack

Ian Feb

Il 12
1 1 - 1 4 9-15

17 16
13-18 15-18

29-30 20-24

Mar

13
9-14

19
14-20

2027
18-24

Apr

13
11-16

18
15-23

2029
18-23

May

13-14
13-14

17
14-18

21
19-22

18
17-23

19.20
18-23

lun

15-16
15-16

19
17-22

19
15-21

22
16-23

19
16-23

IuI

17-18
17-18

14
12-23

19
15-21

14
11-16

20-21
19-24

Aug

13.16
8-19

13.21
12-21

18.20
15-23

14
12-19

20-24
18-25

Sep

15
9-20

22

17
1-21

18
15-21

20
19-24

OCt

13.18
10-20

19
12-21

14
11-19

13
13-20

19.20
17-20

Nov

17
11-21

14
13-15

29
28-30

Dec

14
14-20

14
12-19

14
13-15

30
28-30
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Fig - : SatclHtc thermal nmige of sea surface temperature around Japan, taken from XOAA 9 on Juno 12, 1Ï18G.
Colors are changed graduallv from hlue (cold) to red (warm) by every l.fi'C. The figure indicates, the
nlea. 'lenity path of tin» Kuroshm and Oyaslno in lli(' Pacific and the Tsushima Current in the Japan Sea,
accon panlcd l> \ many warm core rings.

In the orange and red regions (23-23 Om the Knroshin, fishing grounds of "Skipjack" arc fromed. Fishing
ground of "Tuna" and "Squid" is formed in the warm rurennffs east of Japan and Korea, ri'spectivulv, in the
period of northward mignition.
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The flow chart for the discriminant prediction of the formation of Skipjack fishing ground.

I-1£ fi ia i ; JAFIC developed a d iscr iminant proriirt in MvMpm of skipja<'k fisli ing ground formation using the
X O A A A V l I H R ( l n i n ( 1 9 8 2 1985). Thp disrr iminnnt prcriirliiin formula is as follow.

I" 0.32X, -0.36X.. -0.88X,
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Table 2 Matching Ratio with Respect to Océanographie
Characteristics

Fish Océanographie
Characteristics

Number of Matched Matched
Fishing Grounds Number Ratio

Saury Cold Current; Front

Skipjack Warm Current; Warm Eddy

52

23

43

20

83%

86%

1

Squid Warm Current; Warm Eddy
(12-20°c)

12 12 100%
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ABSTRACT

Remotely-sensed data have been used for
oil pollution and water quality mapping
over Augusta Bay in Sicily, Italy, since
1977, to investigate the usefulness of
remote sensing techniques to the analysis
of resource related problems. LANDSAT MSS
(Multispectral Scanner) and TM (Thematic
Mapper) data, along with MSS data,
Thermal Infrared Imagery (TIR),
Ultraviolet (UV) and Infrared (IR)
Photography from lightplanes and
helicopters are among the data acquired.
Color-coded imagery, showing oil
pollution, distinguishing different types
of it, calculating their extension were
obtained. Also, color-coded images, each
depicting the distribution of a selected
water quality parameter were produced.

Keywords: remote sensing, oil, water.

1. INTRODUCTION

The pollution of the marine environment
is one of the most serious forms of
pollution, because of its effects on the
biological and ecological balance of life
on our planet.

Remote sensing offers the most effective
approach to the protection of such an
environment, by providing information in
the form of synoptic views, which are
difficult to obtain, using traditional
surface sampling methods. Light, near-
infrared and visible electromagnetic
radiation in particular, are used to
obtain remotely-sensed information on
water quality. By studying how the
intensity and color of luminous radiation
is altered, while passing through water,
the nature and concentration of elements
present in it can be inferred. However,
other attenuation phenomena should be
allowed for, since they may interfere
with the measurement process. The bands
of the electromagnetic spectrum, more
significant for oil pollution, are the
ultraviolet (0.3*0.4 urn), near infrared
(0.7*3 urn), and thermal infrared (8*14
urn) bands. Oil films as thin as 0.15 VLJD
and 10 urn are detectable in the

ultraviolet and thermal infrared bands,
respectively. Also, the difference
between the radiometric temperature of
clear water, and that of water covered
with a thin oil film, is approximately
1.4 'C, because of the different
emissivity (Refs. 1, 7).

The Institute of Machinery, Faculty of
Engineering, at the University of Catania
in Sicily, Italy, is very active in the
remote sensing of the marine environment.
Over many years, remotely-sensed data
have been used in the monitoring of water
quality, and the assessment of oil
pollution, in the coastal areas of Italy,
and especially those around Sicily (Refs.
5, 10).

Recently, concern has grown over the
quality of water in and around Sicily. As
population and industrial activities have
increased, more pressure is put on the
water resources of the area. Augusta Bay
is located on the eastern coast of
Sicily. It is a natural harbor, enclosed
by a man-made breakwater with two major
inlets. The surface area of Augusta Bay
is, approximately, 50 km2. The harbor is,
heavily, used for shipping by industries
located along the coast of Sicily. The
study area encompassed all of Augusta
Bay, and much of the sea surrounding the
bay.

2. «PELICAN» SYSTEM DATA

Helicopters of the Naval HeIo Station
(MARISTAELI) at Catania were flown
several times in recent years over
Augusta Bay, using infrared photography
and thermal infrared imagery. The images
obtained were processed, using computer-
aided analysis Remote sensing techniques
of this kind have proved their usefulness
in showing, clearly, features such as
highly polluted areas, urban and
industrial discharges, illegally
discharging vessels, oil slicks, thermal
pollution, etc., not only in daytime, but
also under poor light conditions, and at
night (Refs. 12, 2-3).

The subsequent use of multispectral
photography and simultaneous thermal
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infrared imagery, as well as improvements
in digital image processing procedures,
made it possible to develop a purpose-
built remote sensing system for
helicopters (Refs. 4, 8). This system,
named «Pelican», is an Airborne Maritime
Surveillance System (AMSS). The system
utilizes mult!spectral photography,
thermal infrared (TIR) imagery, and
digital image processing (DIP). In
particular, a raultiband photographic
system enables the acquisition of black-
and-white (BIR), color infrared (CIR),
color (COL), and ultraviolet (UV)
photographs of the same scene, TIR
imagery is acquired using a thermal
scanner, working in the 3*5.6 urn band,
with a field of view (FOV) of 20', a
geometric resolution of 3.4 mrad, and a
Minimum Resolvable Temperature Difference
(MRTD) of 0.1 'C at 30 'C.

The system was, successfully, tested in a
number of flights over the Sicilian
coastal zone, for monitoring marine
pollution.

3. ITALIAN COAST GUARD SYSTEM DATA

Recently, the Italian Merchant Marine
Ministry has acquired a number of Piaggio
P.166-DL3 aircraft for the Coast Guard
(Capitanerie di Porto), to provide the
surveillance of the marine environment.
An Aircraft Remote Sensing System was
developed, and it was integrated into
such platform. The system includes Aerial
Camera System (ACS), Bi spectral Scanner
System (BSS), Multispectral Scanner
System (MSS), FLIR (Forward Looking
Infrared) System (Refs. 6, 9).

ACS consists of Z 70 mm reconnaissance
cameras, equipped with 76 mm lenses for
vertical (80') and oblique (4O- 30')
aerial photographs. Framing speed can be
varied from 5 to 8 frames per second,
depending on aircraft velocity and
altitude, and photograph overlapping
along the flight path. Using 30 m
capacity magazines, the system makes it
possible to take as many as 500
photographs with each magazine.

BSS uses a passive sensor, which senses
and records ground energy differentials,
electronically transforming the resulting
signals into an image of near
photographic quality, a few seconds after
the overpass. The system works, using 2
channels, in the UV (0.32*0.38 urn) and IR
(8*14 um) bands, with 87* field of view
(FOV), and 5 mrad geometric resolution.
The output of the system is hard-copy.

MSS is a line-scanner device, which
detects, using 12 channels, energy in 11
bands (0.434*0.454 pm, 0.454*0.480 pm,
0.480*0.500 un, 0.508*0.532 pm,
0.543*0.578 pm, 0.578*0.640 pm,
0.648*0.702 pm, 0.715*0.815 pm,
1.550*1.750 pm, 2.080*2.350 pm,
8.500*14.000 pa). FOV is 85.92*, and the
geometric resolution ia 2.3 nrad. The
output of the system consists of High
Density Digital Tapes (HDDT), 1,000 bpi,
having special format. Another output is

available on oscilloscope, to display
sensor signals.

Although thermal IR is covered with BSS,
a FLIR System facilitates the search and
location of targets. It delivers 40* x
24* (wide, 40* x 21.5* in the updated
model) and 7* x 25* (narrow) FOV, with
2.7 mrad (2.1 mrad in the updated model )
and 3.25 geometric resolution
respectively. The FLIR System uses an
array of passive sensors, working in the
8*12 pm (IR) band. The output of the
system is displayed on a high-resolution
black-and-white video monitor.

The surveillance techniques, using this
kind of sensors, offer a unique capacity
for monitoring the ground, during the
night and day.

4. LANDSAT DATA

Also, LANDSAT Multispectral Scanner (MSS)
and Thematic Mapper (TM) data were used,
to map oil pollution and water quality in
Augusta Bay.

The LANDSAT MSS is a line-scanning
device, which detects reflected energy in
4 bands, including wavelengths in the
visible spectrum (bands 1 and 2,
corresponding to green and red), and in
the near-infrared spectrum (bands 3 and
4 ). Each pixel covers an area of
approximately 1,600 m2 . The LANDSAT TM is
a line-scanning device, which detects
reflected energy in 6 bands, and emitted
thermal energy in 1 band (band 6). The 6
reflective bands include wavelengths in
». • visible spectrum (bands 1, 2, and 3,
corresponding to blue, green, and red),
and in the near-infrared spectrum (bands
4, 5, and 7). Each pixel covers an area
of approximately 900 m2. Upwelling
radiance from the water column contains
information about the water itself, and
this radiance is detected by the MSS and
TM.

As part of a cooperative project to
investigate the usefulness of remotely-
sensed data for the analysis of resource-
related problems, LANDSAT-TM data were
used to assess water quality on Augusta
Bay. Information on the distribution of
water quality parameters in estuaries and
bays provides greater understanding of
ecology, biology, and dynamics in these
systems. The distribution of certain
parameters, such as chlorophyll-a, can be
an indication of the biological activity
and the productivity level in estuaries
and bays. Other parameters, such as
turbidity and Secchi depth, provide a
better understanding of water circulation
and currents, organic and inorganic
matter distributions, and hydrodynaaic
conditions in these systems. The water
quality parameters investigated have been
studied by conventional survey
techniques, in many similar bodies of
water throughout the world. These
conventional surveys can be tine-
consuming, and expensive, and they,
frequently, fail to represent the
distributions of parameters of interest
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in heterogeneous and patchy areas. In
these cases, researchers have had to rely
on the sampling methods, and
interpolation and extrapolation between
sample points. On the other hand,
remotely-sensed data, acquired from
satellite, provide a synoptic view not
attainable from conventional methods, and
have produced a viable alternative for
water quality modelling, mapping, and
management.

5. DISCUSSION

Remotely-sensed data, acquired from
aircraft and satellite, have been used
for oil pollution and water quality
mapping over Augusta Bay since 1977, to
investigate the usefulness of remote
sensing techniques to the analysis of
resource related problems.

Information on the distribution of water
quality parameters provides greater
understanding of ecology, biology, and
dynamics in the systems under
investigation. Also, oil pollution, due
to discharging vessels and industrial
plants, its location, and areal extent
provides useful information on pollution
sourcesi and risk to the coastal areas.

LANDSAT MSS (Multispectral Scanner) and
TM (Thematic Mapper) data, along with MSS
data, Thermal Infrared Imagery (TIR),
Ultraviolet (UV) and Infrared (IR)
Photography from lightplanes and
helicopters are among the remotely-sensed
data, acquired over the years, to assess
oil pollution and water quality on
Augusta Bay.

Data were processed with computer-aided
techniques, using systems for image
digital analysis. The interpretation,
process, and digital analysis of data,
acquired from aircraft and satellite,
made it possible to obtain color-coded
imagery, showing oil pollution,
distinguishing different types of it as a
function of the intensity level,
calculating their extension. Also, color-
coded images, each depicting the
distribution of a selected water quality
parameter (chlorophyll-a, Secchi depth,
surface temperature, and turbidity) were
produced.

Figure 1 shows tankers, illegally
discharging oil into the sea, in Augusta
Bay, Sicily, Italy. The ultraviolet
imagery, was acquired, at an height of
450 m, from an Agusta Bell AB-212 ASW
helicopter of the 2nd HeIo ASW Squadron,
Naval HeIo Station (HARISTAELI), at
Catania in Sicily. Figure 2 shows a
tanker, illegally discharging oil into
the sea, in Augusta Bay. The thermal
infrared imagery was acquired, at an
height of 200 B, from an Agusta Bell AB-
212 ASW helicopter of the 2nd HeIo
Squadron, Naval HeIo Station
(MARISTAELI), at Catania. It is a color
thermal inage, resulting from digital
analysis, where each color corresponds to
an exact thermal level. Typically, oil
filas (in black) appear cold on thernal

infrared imagery, due to the emission
characteristics of the oil-water surface.
In particular, even if the thermonetric
temperatures were the same, oil should

have radiometric temperatures lower, and
show characteristics of higher
reflectance than sea water. The
difference between the radiant
temperature of an oil slick, and that of
the surrounding water, is about 1.4 *C.
Figure 3 shows oil slicks (UV on bottom),
and circulation phenomena (IR on top), in
Augusta Bay, The imagery ( Bisj.iïctral
Scanner, UV and IH Bands) was acquired by
the Aircraft Remote Sensing System of the
Italian Coast Guard. Figure 4 shows a
tanker, illegally discharging oil into
the sea, in Augusta Bay. The thermal
infrared imagery (FLIR System) was
acquired by the Aircraft Remote Sensing
System of the Italian Coast Guard.

As to the analysis of LANDSAT-TM data,
the general approach involved near-
simultaneous acquisition of water quality
samples from boats with LANDSAT overpass,
location of samples sites on the LANDSAT-
TM scene, extraction of digital numbers
from all TM bands, development and
verification of regression models
relating values of selected water quality
parameters to the spectral data,
application of models to the entire study
area, and generation of color-coded
resultant images (Réf. 11).

Figure 5 is a LANDSAT-TM based imagery,
showing chlorophyll-a concentrations in
and around Augusta Bay. It is a color-
coded image, resulting from water quality
models. Water samples were acquired from
boat, near simultaneous with LANDSAT
overpass, and regression models were
developed and verified, to relate the
values of chlorophyll-a to the spectral
data. Figure 6 is another LANDSAT-TM
based imagery, showing the temperature
distribution in and around Augusta Bay.
It is a color-coded image, resulting from
water quality models. Temperature values
of water samples were related to spectral
data.

The whole of results obtained indicated a
dangerous beginning of eutrophication,
even if associated to seasonal events,
and a moderate oil pollution. In
particular, also on the basis of the
statistical methods used, it is possible
to define an high probability of
continuous presence of oil products on
water.

6. CONCLUSIONS

In the effort to protect the marine
environment, remote sensing is of great
importance, providing an effective means
to identify critical areas in coastal
zones, controlling urban and industrial
discharges, documenting illegally
discharging vessels, and detecting
different types of pollution. Remote
sensing offers the capacity, literally,
to see what is invisible. Synoptic views
of large areas, acquired from platforms
equipped with remote sensors, provide
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Figure 1. Ultraviolet imagery, showing tankers, illegally
discharging oil into the sea, in Augusta Bay, Sicily, Italy.

Figure 2. Thermal infrared imagery, showing a tanker, illegally
discharging oil into the sea, in Augusta Bay.

Figure 3. Imagery (BiKpectral Scanner, UV and IR Bands),
showing oil slicks (L1V on bottom), and circulation phenomena
(IR on top), in Augusta Bay.
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information not easily obtainable with
the use of conventional techniques. Thus,
environmental elements can be analyzed on
an ecosystem basis, where remotely-sensed
data may transcend the limits of data
acquired with conventional techniques.

The observations of Augusta Bay, made
over so many years using different remote
sensing techniques, proved the
significant contribution of remote
sensing to the repeated oil pollution
assessment and water quality monitoring
in the coastal zone.
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ABSTRACT

The last years increased frequencies of toxic algal
blooms in e.g. the North Sea and Adriatic Sea have
caused severe problems to the human activities ranging
from aquaculture to tourism. A multi-institutional
research program - "Norwegian Remote Sensing
Spectrometry for Mapping and Monitoring of Algal
Blooms and Pollution -NORSMAP" - between Norway
and Canada was established to evaluate the potential of
airborne imaging spectrometry for monitoring of such
events in Norwegian waters. The Canadian Compact
Airborne Spectrographic Imager (CASI) has been used
for a three week period in May 1969. Water masses
covering a wide range of optical properties have been
analyzed and chlorophyll a concentrations in the range
from 0.8 to 5 ug/1 was observed. A good large scale
match between the in situ and airborne data are found,
although the point to point comparison are not
convincing.

KEY WORDS: Airborne Speclromatry, Harmfull Algal
Blooms, Water Quality, Monitoring

1. INTRODUCTION

During the late spring of 1988 an extensive and
unpredicted bloom of the toxic algae, Chrysochromulina
polylepis, occurred in the Skagerrak region, where it
outgrew all other species and influenced most marine
life in the upper 30 meter of the ocean (Refs. 1,2,3,4).

The lack of any remote sensing instrumentation capable
of directly monitoring the surface layer distribution of
the algae bloom was recognized as a significant
deficiency by an ad-hoc established monitoring team in
1988 (Réf. 5). In particular remote sensing data would
have given information on the early stage extension and
advection of the bloom. This would have give valuable
information for where to focus the in situ observations
as well as an indication of the day to day displacement
of the algae front.

Presently, there is no operational optical spacebome
satellite sensor system dedicated to monitoring of ocean
colour. While waiting for dedicated satellite ocean
colour sensors, scheduled to be launched during this
decade, starting with the NASA Sea-viewing Wide-field-
of-view Sensor (SeaWiFS) in fall 1993, preparatory
studies and operational applications have to be
performed with airborne sensor systems. In addition to
its own applications of airborne sensor system, these
kind of studies are essential to define the appropriate

scientific requirements and technical specifications to
the future and higher resolution satellite sensors.

On this basis the Nansen Environmental and Remote
Sensing Center (NERSC) initiated the pilotstudy
"Norwegian Remote Sensing Spectrometry for Mapping
and Monitoring of Algal Blooms and Pollution -
NORSMAPTO" (Réf. 6) as a joint project with Institute
of Marine Research (IMR), Norwegian Institute for
Water Research (NIVA), University of Bergen,
TerraOrbit A/S, Akvaplan A/S, Borstad Assoc. Ltd.,
and Institute of Ocean Science (IDS), the two latter from
Sidney, B.C., Canada.

A 3 weeks field experiment (Refs. 7,8) was carried out
in May 1989 with the Canadian Compact Airborne

aphic Imager (CASI) (Réf. 9) installed in the
;ian State Pollution Control Authority

surveillance aircraft. In addition to an extensive set of in
situ biological, optical and physical parameters, the non-
imaging IOS spectrometer operated from the three
research vessels involved during the campaign period.

2. METHODOLOGY

The CAS! airborne spectrometer (Réf. 10) may be
operated in two fundamentally different modes which
either sample data with a high spectral or a high spatial
resolution (figure 1). Unfortunately the below presented

RdtecUcn
grating

SUt

Flgun 1: The optical principles of the CASI airborne
imaging spectrometer.

Proceedings o! the Centra/ Symposium of the 'International Space Year' Conference. Held in Munich Germany. 30 March-4 April 1992
(ESA SP-341 July 1992)



682

data were obtained only in spectral mode because of
technical failure of the data registration in the image
mode during NORSMAP'89.

With the goal to map and monitor the distribution of the
the ocean chlorophyll a in the surface layer two
methodologies have earlier proven their benefit applied
on airborne spectral data in the visible spectral range.
The Fluorescence Line Height (FLH) (Refs. 11,12) and
the Blue Green Ratio (BGR) (Refs. 13,14) methods have
both been evaluated to give reasonable results in similar
water masses as observed during the NORSMAP'89
investigations. Generally the BGR method is more
sensitive to the presence of other pigments in the water
such as suspended and dissolved organic constituents,
while the FLH method seems more robust with respect
to these types of other pigments in the water masses.
The FLH method has therefore been evaluated as the

450 500 5SO tOD (50 700 750 100 «50 900

Wavelength him)

Figure 2: The averaged atmospheric contribution or.
1000 feet as estimated trom CASI spectral

measurements obtained at three different altitudes over
the same location and on two different day of flights.

most appropriate for the major part of the
NORSMAPw analysis, although both methods have
been applied to the data.

An empirical approach for the correction of the
atmospheric contribution to the spectra has been
applied to the data. Collection of CASI data at three
différent altitudes over the same location, in near
synoptic time, was obtained during two of the flights.
These data have been used to calculate the ave
contribution from the atmosphere per unil
(1.000ft) given by the correction spectra in figure 2.1
to the fact that the distribution of aerosol and the
atmospheric scatter is significantly variable in time and
space, this correction approach must be used with care
and needs further evaluation against traditional
atmospheric correction models. A general altitude
dependent correction technique, based on these
measurements, turned out to overcorrect the spectra in
the blue range for one of the flight dates. For the
operational applications an alternate method has been
suggested and evaluated. This method is based the fact
that an atmospheric oxygen absorption band around 687
nm is a feature heavily influencing the spectral signal
used to estimate the Fluorescence Line Height (FLH),
around 685 nm. An other major oxygen absorbing band
is located at 762 nm. The depth, width and shape
relations of these two absorption bands might be found
from spectral data bases or empirically. By measuring
the strong absorption line at 762 nm and using the
relation between oxygen absorption at 762 nm and 687
nm it is possible to correct the spectral range of the
fluorescence signal for the effect of the atmospheric
oxygen absorption. This is not a general correction
method for correction of the spectra, but an attempt to
remove one of the major atmospheric effects on the

10°»' 10- IÎ' 34'

Flgur» 3; The CASI flight lines and the in sftu stations obtained in the Hvaler area in the Outer Ostofjord on May 16 (see
map in figure 8 tor heal/cation of the region).
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spectral signal used for the FLH calculations. The latter
approach has been applied on the NORSMAP'89 data.
Evaluating the absorption at 762 nm the individual
spectra from each location have been corrected for the
atmospheric absorption at 687 nm in the spectral range
of the chlorophyll a fluorescence signal, used in the FLH
calculation.

3. RESULTS

During 16 May a combined airborne and field campaign
of a total number of 22 in situ stations was carried out in
the Hvaler archipelago in the outer Oslofjord,
throughout the day (figure 3). The airborne data was
collected under a low and variable cloud cover which
forced the flight altitude as fare down as to 1.000 ft.

The along track chlorophyll a concentration and the
Fluorescence Line Height calculated from the CASI data
are shown in figure 4, as well as the in situ measured
salinity (to differentiate the ocean and brackish water
masses), and the lightbeam attenuation at 520 nm.

The Chl-a concentration in the vicinity of the Glomma
river outlet was in the range of 3 to 4 ug/1 (station 1-2),
decreasing to 1-1,5 ug/1 moving into the central part of
the outer Oslofjord (station 3-5) and towards the outer
part of the Hvaler archipelago (station 6). The FLH
values match the variation in the Chl-a concentration

relatively well (figure 4.a), except at station 6 where a
Chl-a minimum was reported. This discrepancy between
the remotely sensed and in situ ChI* resolving
parameters appeared in the frontal zone between the
more saline and nutrient poor water and the fresher
water and hence might be caused by changes in the
physiological state of the algae population. At station 7
and 8 at the eastern inlet of the archipelago the Chl-fl
concentration was approximately 3 ug/1 and increased
to a maximum of 5 ug/1 at station 10 and 11. In this area,
freshwater high in nutrients mixes with the more saline
water, favouring increased growth of phytoplankton.
Moving into the outlet of the Iddefjord (station 12), the
Chl-a dropped to around 3 ug/1, but only a minor
decrease in FLH was observed. From station 17 the
influence of the fresh water increased and the salinity
dropped to below 10 %o (figure 4.b) and the FLH and
Chl-a values become very uncorrelated. The complexity
of this area is partly caused by the mixing of saline
water into an area with fresh water. This imply that the
marine algae become exposed to fresh water which may
cause a cell damage (Réf. 15) and hence high variability
of the chlorophyll fluorescence signal. Due to severe sun
glints in the data the CASI data from station 19 and 21
are omitted. The significant change in the FLH and Chl-a
match in the main Glomma river (St.no. 22) might be
explained by the effect of the increased sediment
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Figure 4: The along flight lin» variation of (a) the in situ measured Chl-a concentration and FLH as obtained from the
CASI data on 16. May. Jb) The variation of the in situ measured salinity and light beam attenuation at 520 nm (c-520) for

the same station locations as above.
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concentration on the CASI spectral signal. Due to
problems with exact adjusting of the aircraft position to
the location of the ship stations and large time
discrepancies (-8 hr.) between the airborne and in situ
observations, a statistical regression give a relative low
explained variance of only around 46%. However this
does not give a fair picture of the capability of the
airborne spectrometry data, since the along track values
of Chl-a and FLH (figure 4.a) dearly indicate a better
match with respect to resolve the large scale variability,
until the more complex situation in the outlet of the
Glomma river is reached.

On 22 May a similar flight and field observations was
repeated in the Hvaler area (figure 5). Due to the very
clear sky conditions on this day the flight altitude for the
CASI was selected to 13.500 feet. Due to inaccuracies in
the flight navigation some of the flight lines mismatch
the locations of the actual in situ stations.

The over all variation in the FLH values calculated from
the CASI data resolve a similar variation (figure 6), as
obtained in the above data from 16 May. Some
discrepancies to the actual measured chlorophyll a
concentrations are also observed in the Oslofjord area,
outside the Hvaler archipelago. Data from station 16 are
lacking but this data set seems to have a better match
even into the river outlet of the Glomma river (st. no.
18). The over all explained variance between the two
data sets are significantly better. Depending on the
actual applied method for the atmospheric correction
process it is 58% without any atmospheric correction,
65% using the altitude averaged spectra, and 55% when
performing the dedicated correction around the FLH
peak.

An open ocean transect between Arendal and Hirtshals

I '

J '
FlM

».020

O.OOS

10
•teflon*

Flfun t: The along fHghtline FLH values estimated
from the CASI data and the in sHu measured

Chlorophyll a concentrations, as observed during the
investigations on 22. May.

was flown on 18 May (figure 7). The in situ observations
was carried out by R/V Dannevig during the entire day,
and in situ stations 10 -12 were obtained on 19 May.

The CASI spectral data was obtained from a flight
altitude of 9.000 feet under relatively good observational
conditions, although with some haze close to the
Arendal coast and some more patchy cloud structures in
the central parts of Skagerrak. The data selection of the
spectral data was done as close as possible to the ship
stations, with additional measurements in between the
ship stations. The profile along the transect is shown in
figures.

The along transect variation of the chlorophyll a
concentrations, in the surface layer (O meter), show a
generally higher concentrations on the Norwegian side
of the basin than on the Danish coast (figure 8). A

\\v* '

1

V I-

ID.»- »• »• »• »• »• ii- "• w «• »• "' «• «' "' 11» r v r r »• <r «• «• ir H- «•

FlgunS: The CASI flightlinesar^lo(^on of in sHu stations as obùûned in ̂  healer ana Oie 22. May.

W •

1

\- 1-



sroff

Figure 7: The CASI flight linos and in situ stations
obtained in the Skagerrak region during NORSMAP'89.

The transect between Arendal and Hirtshals was
covered by the CASI on the 18. May. together with in

situ observations at 12 locations, of which 9 was
completed on the same day and the remaining stations

on the day after.

minimum Chl-a value is observed in the central
Skagerrak (station no. 7). There is a significant
discrepancy between the in situ measurements and the
FLH values obtained at this station but the fact that the
two observations are done 10 hours apart make a direct
explanation difficult. A slight increase in the chlorophyll
a value was observed in the high productivity part of
the outer North Jutland Current (NJC) (st.no. 8) and a
decrease (st.no. 10-11) thereafter in the chlorophyll
concentrations. The Chl-a concentrations increased in
the shallow water region close to the Danish coast
(St.no. 12). Although some station to station
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discrepancies are observed and that the overall
explained variance is only 39%, there is an overall
correlated trend between the FLH and Chl-a data with
respect to the large scale variability along the section.

4. CONCLUDING REMARKS

The impact of and need for monitoring and forecasting
of Algal blooms have been clearly emphasized during
recent events in the Adriatic and Skagerrak Seas, which
has caused severe effects on the activities in these
regions.

The potential and efficiency of utilizing airborne remote
sensing spectrometry in monitoring of the chlorophyll ft
distribution, in the range of 0.8 - 5 ug/1, has been
demonstrated by the NORSMAP'89 data set. A future
operational use of this type of remotely sensed data
require further evaluation and development of the
correction and processing algorithms. Particularly
further improvement is foreseen in procedures for
instrument calibration and verification, on development
of operational tools for atmospheric corrections and
further studies of the spectral band location and band
widths used in chlorophyll resolving algorithms.

Since the NORSMAP'89 campaign NERSC has followed
up the airborne spectrometry research. NERSC has
conducted data acquisition over land and ocean targets
with the CASI instrument in both 1990 and 1991. Last
fall combined airborne and in situ observations have
been conducted over an algae bloom of the toxic specie
Prymnesium porvum in the Ryfylkefjords of southwest
Norway. The environmental conditions during this
event seems promising form the filed data, but due to
extreme delays in the delivery of the CASI data, no
results can be presented yet. The capabilities of airborne
spectrometry in mapping various land targets seems
also promising, taking into account that signal intensity
is stronger and that the time scale of changes make the
field verification efforts more reliable. These activities
are scheduled to continue at NERSC also in the years to
come.
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SEOHAR - AN ITALIAN APPROACH TO THE OBSERVATION
OF THE MEDITERRANEAN AKEA

A. Buccheri, R. Bonsignori, P. PiIi

Officine Galileo, Firenze

ABSTRACT 2. THE AIRBORNE INSTRUMENT

A set of electro-optical instruments in the
spectral bands from the visible to the infrared
(SEOMAR) has been conceived to satisfy the most
important needs for environmental observation of
the Mediterranean area, in terms of spatial and
spectral resolution, radiometric sensitivity,
swath width, frequency of observations. The SEOMAR
instrument package has been conceived for frequent
monitoring of the sea and land at Mediterranean
latitudes, with very high spectral resolution and
moderate spatial resolution.
In this paper, starting with a description of an
airborne spectrometer already developed &y
Officine Galileo, the SEOMAR overall system
aspects and the technological concepts of the main
instrument (VINIR) - a programmable imaging
spectrometer in the visible - are presented, along
with an overview of possible applications.

1. IHTRODUCTIO»

The development study of SEOMAR is being done at
Officine Galileo for a potential flight on board a
national satellite in the medium term.
The functional requirements have been developed
starting from an Italian Space Agency (ASI) funded
feasibility study of Earth Observation
instruments.
The VINIR main technological concepts are directly
derived from the Officine Galileo airborne
spectrometer (VIRS). In addition a similar concept
of imaging spectrometer is under development at
Officine Galileo for planetary observation in the
frame of the CASSINI mission.
The design and development of this kind of imaging
spectrometers has been made possible thanks to the
availability of area array CCDs.
The large number of pixels allows for a wide swath
- necessary for frequent coverage - combined with
a spatial resolution in the range 300 to 400 m,
that is generally considered as a good compromise
for monitoring of environmental phenomena typical
of the Mediterranean, including algae blooms and
transport of pollutants.
The spectral channels and their widths are fully
programmable from ground, allowing expérimenta!
observations of spectral features for which 'he
connection to environmental phenomena is not yet
fully understood.

In the field of Environment Monitoring, Officine
Galileo have developed an airborne multispectral
scanner: Visible Infra Red Scanner (VIRS).
This instrument is able to detect the spectral
radiance scattered from ground in the visible range
(400 to 1000 nm) with a spectral resolution of 2.5
nm. An independent IR channel (8 to 12 urn) allows
the simultaneous detection of the thermally emitted
radiance from ground.
The VIRS visible channel is based on the imaging
spectrometer concept. A refractive objective images
the on ground swath on a slit and a concave grating
disperses spectral components on a CCD detector.
The IR is a single channel radiometer with a
linear detector and a mechanical scanning system.
The functional requirements of visible channel of
VIRS are summarized in the following table 2.1.

Tab. 2.1 - VIRS characteristics

Spectral band
Relative aperture
Entrance pupil diameter
Field Of View (FOV)
Instantaneous FOV
Spectral resolution
Detector pixel size
Slit length
Slit width
Available spectral channels
Programmable Spectral channels

400 to 1000 nm
2.5
4.8 mm
40.4 degrees
2 mrai*.
2.5 nm
23 (im
8.8 mm
0.020 mm
240
< 20

The scan of the ground scene is obtained by imaging
the 8.8 mm side of slit in the cross track
direction with respect to the aircraft flight
direction (pushbroom).
The optical system of VIRS, completely designed anJ
developed at Officine Galileo, will be subject of a
dedicated paper (Ref 1.). For this reason a
detailed description of the optical system design
is not provided here.
The VIRS optical system (objective and
spectrometer) is able to work with the required
large FOV using optical elements with nc critical
manufacturing processes.
The spectral separation of components of the
incoming light is provided by a reflective
holographic concave grating. The slit curvature
effect due to reflection on grating is compensated
by the design of the spectrometer optical system.

Proceedings o' the Central S^mpcsium of the 'International Space Year' Conference Held m Munich Germany 30 March-4 April 1992
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The overlap of second diffracted order on the
first order is removed with a dichroic filter
located on the CCD window.
The CCD detector is cooled down to about -5°C, by
means of a thermoelectric cooler (based on Peltier
effect).
In figure 2.1 the mechanical layout of the VIRS
visible channel is shown.

One side of the CCD detector provided the 50 km
strip with 0.5 km resolution, while spectral
dispersion was provided on the other dimension.
A calibration reference was guaranteed by an
integrating sphere.
The OCH feasibility study showed some major
critical areas in the instrument concept.

,IHAOING OBJECTIVE

•FOLDING PRISM

CCO DETECTOR

PELTIER COOLER

SPECTROMETER

QRATIKG

\
Fig. 2.1- VIRS visible channel mechanical layout

The VIRS IR channel scans the ground image by
means of a rotating scanning system (wiskbroom).
The IFOV is 1.5 mrad. The detector is a CHT using
the Signal PRocessing In The Element (SPRITE) with
an elementary area of 700 x 62.5 urn2 and an
operating temperature of -190°C.
The total data rate is about 1 Kbyte/sec. The VIRS
optical head mass is 40 Kg including stabilization
platform.

Tab. 3.1 - OCM Functional Requirements

Spectral Range
SWIR Channel
Spectral Resolution
Swath Width
Ground Pixel Size
SNR at 550 nm
Calibration
Tilt capability

400 to 900 nm
1580 to 1760 nm
5 nm
3000 Km
500 in
1000
1%
± 20°

t

3. REUTED SPACE PROJECTS

3.1 OCH Feasibility Study

A feasibility study of an Ocean Colour Honitor
(OCH) was performed by Officine Galileo under
Italian Space Agency contract. The OCH main goal
was to provide data to the scientific community in
order to monitor coastal areas with respect to
pollution and chlorophyll processes.
The instrument was studied to be flown on the
Polar Platform and, to meet the above scientific
goals, a visible imaging spectrometer with a SWIR
channel was required. The OCM study was based on
the system performance goals shown in Tab. 3.1.
To meet the OCH requirements on swath, the
instrument was based on a scanning system that
moved a strip 0.5 km (cross track) x 50 km (along
track) in the cross track direction. This on
ground strip was imaged by a 10 cm aperture
telecentric optical system on a slit. Behind the
slit, a concave grating disperses the spectral
components of received light on a CCD detector.

The critical aspects were mainly due to the initial
approach to integrate in a single optical head all
the sensor features.

3.2 VTMS-V Spactroneter for Planetary Exploration

VIHS (Visible Infrared Happing Spectrometer) is an
instrument of the scientific payload of the CASSINI
mission for the exploration of Saturn's moons and
rings. VIMS-V, that is the visible channel of the
VIMS instrument, is under development at Officine
Galileo in the frame of an international
cooperation leaded by JPL.
The presence of VIMS-V on the CASSIrtI Orbiter
payload is required to determine the composition of
Saturn and Titan atmosphere through spectral
measurements in the visible.
VIHS-V overall system characteristics are
summarized in Table 3.2.
VIMS-V is composed by an optical head and an
electronics box.
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In figure 3.1 an overall layout
optical head is shown.

of the VIMS-V a corrected holographic grating with no
optical elements to minimize mass.

further

OPl ICAL STRUCTURE PRIMARY MIRROR

I)[FfRCMCi
MIRROR

SCHMIDT 11 MS

SCANJIIRj)OK.

SPECTROMETER IIOUSINCi

GRATING

Fig. 3.1 - VIMS-V optical head schematic view

Table 3.2 - VIMS-V Characteristics

Spectral Range
Spectral Resolution
Field of View (scanner)
IFOV
Integration Time
Signal to Noise Ratio
Data Rate
Mass
Dimensions
Power Consumption

300 to 1050 nm
1.46 nm
2.4 x 1.8 deg
0.17 x 0.17 mrad
80 ms to 10 s, var.
> 100 (350-950 nm)
183 kbit/s
6 kg
350x150x170 mm
5 W

The optical head consists of a scanning mirror,
the telescope, a corrected holographic grating and
the focal plane assembly with its proximity
electronics and passive radiator. The electronics
box controls the CCD readout and the scan
mechanism and provides the output buffered data.
The foreoptics (see fig. 3.1) is a modified
Schmidt telescope and the spectrometer is based on

The detector is a frame-store CCD, UV enhanced,
with 512x256 elements image area, passively cooled
to -40'C.
The overlap of second diffracted order on the first
order is removed by means of a dichroic filter. For
the zero order spectrum a light trap is located
close to the detector. The design is driven by an
severe environment: 7-year cruise facing very
different thermal conditions, strong electric
fields and a rather high radiation levels during
the 11 years of mission lifetime.

4. MEDITERRANEAN MISSION OVERVIEW

A mission profile oriented to the observation needs
of the Mediterranean Sea has been considered.
Several factors are involved in the instrument
trade-off process, as indicated in Tab. 4.1.
The frequency of observations is mainly related to
the swath width.

Table 4.1 - Mediterranean Mission Requirements

MISSION FEATURE

Spatial resolution

Spectral resolution

Number of spectral
channels

Sensitivity

Observation frequency

USER'S DRIVING REQUIREMENT

coastal and upwelling
features; pollutants

chlorophyll fluorescence
line

identification of spectral
signatures (algae etc.)

chlorophyll fluorescence
line; measurement resolution
of water quality parameters

monitoring of transport
and algal processes

REQUIRED PERFORMANCE

100 m (goal) to 500 m (maximum)

better than 5 nm

10-20, programmable

NEDalbedo < 0.5-10-3 (at 685 ± 2.5 nm)

a few hours (optimal) to 3 days (minimum)
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The maximum achievable frequency with a single
sun-synchronous satellite is one measurement per
day, for which a very large swath width is
required, producing strong deformations in the
viewing geometry.
A good compromise reducing both geometrical
deformations and instrument size can be the choice
of a measurement repetition frequency of two days.
This means, for a polar orbit at Mediterranean
latitudes, a minimum swath width of 1200 km. Whole
earth coverage at same observation frequency
without gaps at the equator is achieved only if
the swath is about ISOO km.

can then become immediately an operational
capability of measuring those parameters.

S. INSTRUMENT CONFIGUKATION

The main component of SEOMAR is the VINIR, an
imaging spectrometer in the visible and nes.r
infrared under development at Officine Galileo.
A layout of the VINIR optical system is shown in
figure 5.1.

SPECTROMETER

IMAGING OBJECTIVE

^Ln

GRATING

FOCAL PLANE

FIG. 5.1 - VINIR optical layout

The compatibility with other types of mission has
been taken into account. In particular, SEOMAR can
be operated from a subrecurrent orbit, allowing
the user to take advantage of the combination of
the instrument's frequent coverage at moderate
resolution with the higher spatial resolution and
narrower swath of other sensors that may be flown
on the same platform.
The ground swath and the spatial resolution
determine the number of pixels to be
simultaneously observed. The current state of the
art in CCD technology allows to be confident of
the availability of space qualified 1000x1000
pixel CCDs in the near future.
With this type of large CCD, a resolution better
than 400 m at the sub-satellite point on a swath
of 1200 km is achieved with three optical heads.
Tilt capability is not required for a
Mediterranean mission, since the sunj'.int has no
effect except for a small area and only in a short
period of the year.
If we accept the lack of data on tropical area due
to sunglint effects, the consequence is a
reduction of instrument complexity and mass and a
botter immunity from polarization of incoming
1ight.
As is generally known, the full programmability
from ground of the spectral bands (in wavelength
and width) allows to optimize the system on
request to detect individual spectral signatures.
This capability is very useful for the scientific
community to help understanding the relationship
on a large scale between geophysical p̂ .'ameters
and spectral signatures. This scientific know-how

The company's exper*ise in space activities and the
know-how gained with similar instruments (described
above), along with the most recent advancements in
large Charge-Coupled Device technology ' and
reliability, h-we permitted the conception of a
spaceborne imaging spectrometer having a large
number of pixels. Base for VINIR design is the
optical system that is an improvement of that one
of VIRS already developed and tested and then quite
reliable. The VINIR is composed of three identical
optical heads in order to guarantee a sufficient
swath width and spatial resolution with the
pushbroom concept.
In principle, this makes also less critical to meet
the general requirement of good immunity of the
instrument response from polarization of ground
scattered light.
The in flight calibration Concept has not yet fully
investigated, but guidelines for this important
feature for spaceborne spectrometers have been
acquired during OCH feasibility study both for that
concerning accuracy a:-d calibration system lifetime
and reliability. Impo.-tance and complexity of
calibration system is not underestimated and will
be developed in the near future once its scientific
impacts are assessed. The functional performances
of the VINIR baseline instrument are listed in the
following table 5.1.
The addition of an IR thermal channel (8 to 12 pm)
to the visible is under consideration.
This would improve the instrument performances
mainly in monitoring the sea zones w:iere different
water streams have interactions.
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Tab. 5.1 - VINIR characteristics

Spectral band
FOV (single optical head)
Instantaneous FOV
Swath width
Spatial resolution (ssp)
CCD pixel size
Scanning system
Spectral resolution
No. of channels
Radioraetric sensitivity

Calibration
Data rate
Orbit
Earth coverage

400 to 1000 nm
27 degrees
0.47 mrad
1200 Km (3 heads)
330 m
16 pm
Pushbroom
2.5 nm
up to 15 (selectable)
NEDalbedo < 5 10-«

(at 685+2.5 nm)
TBD
»6 Mbit/sec
«700 km, Sun synchr.
2 days

Main point to be addressed before to take a
decision is whether or not the satellite interface
constraints will allow accommodation of a
demanding instrument as a thermal IR one.
A possible alternative is to consider a 3 to 5 urn
instrument which seems easier to be accommodated.
However, this could result in a reduction of
achievable performances. A study is running with
ASI in this field, oriented also to identify
national available technologies.

6. CONCLUSIONS

The activities running at Officine Galileo in the
field of imaging spectrometry for remote sensing of
the earth are presented in this paper in view of a
possible national mission (e.vJ. ECOSAT, Réf. 2}
mainly devoted *o the monitoring of the
Mediterranean area.
A review has been done in particular on the visible
instruments where hardware experiences have already
been developed both for airborne and spaceborne
application.
Detailed design and breadboarding of the VINIR is
being performed in the frame of ASI technological
programme.
Concerning IR instrumentation, the upgrading of
airborne hardware to space is much more problematic
than for visible due to cooling requirements of IR
focal plane and heavy impact on spacecraft
interfaces. Definition studies are being performed
under ASI direction.
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ABSTRACT

Mangrove vegetation communities are an important
component of the Mombasa District environment.
They form the only gazetted forest cover within the
275km2 district. These forests are undergoing constant
changes in response to human activities within the
peri-urban environment. The study area has a variety
of mangrove types including regeneration stages,
dense old stands and saltish dry banks almost devoid
of halophytes.

The study was carried out in the Mombasa mangroves
based on a double sampling approach starting with
SPOT multispectral satellite imagery followed by
ground checks to provide information on species
composition, density and distribution of mangroves.
Other forms of land uses around and within the
mangroves were determined.

Eight mangrove species were identified, namely:
Sonneratia alba, Rhizophora miicronata, Ceriops
tagal, Bruguiera gymnorrhiza, Avicennia marina,
Heritiera littoralis, Xylocarpus sp. and Lumnitzera
racemosa.

This report outlines the distribution and present
utilisation of the mangroves. It is recommended that
map products from SPOT data should be digitized
using a Geographic Information System, GIS. This will
keep record and allow for further overlay analysis with
other resource maps and also for monitoring
purposes.

Key words: Mangroves, Kenya, Remote Sensing,
Species composition and distribution.

1. INTRODUCTION

Mangroves are woody plant species which grow along
tropical and sub-tropical coasts in saline environments
with typically anaerobic soils. They grow around
estuaries with polyhaline water (having varying salinity
levels) depending upon fresh water inflow from the
land (Ref.l).

The mangrove environment is very dynamic.
Mangrove ecology in general may be considered as a
result of a combination of climatic, hydrological,
geographical, geomorphic and biological conditions.
On a local scale, there are several physical factors
which interact and produce the environmental setting

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany. 30 March-4 April 7992
IESA SP-341. July '992;

for the growth, zonation and stability of mangroves.
These factors, along with climatic conditions are
responsible for the distribution pattern of mangroves
(Réf.2). Mangroves have been exploited by the coastal
people for their numerous natural products which
include poles for building, vegetable tannins, pulp,
fuelwood and medicine.

The Kenya coastline has a total of about 52,980 ha. of
mangrove forest as pointed out by Doute et al, (Ref.3).
The bulk of these forests occur in intertidal areas
where submarine ground water discharge (SGD) or
seepage occur rather than in estuaries (Réf.4).

1.1 Background and Problems

The lack of appraisal of the status of Kenyan
mangrove forest has been a limitation on the
formulation of an adequate management and
conservation policy. On many occasions, the
exploitation of mangroves has occurred in the past
unnoticed or unquantified, as has been previously
reported by Doute et al in 1981, who based their study
on the use of LANDSAT multispectral scanner (MSS)
imagery. The study is currently under review with a
view of updating it and at (he same time provide more
details which were not achieved then (Ref.5).

The lack of up-to-date and accurate data poses
planning problems on conservation and management
of mangrove communities. It has been noted that
mangroves and their related ecosystems have in the
past undergone some changes without much attention
being paid to their ultimate fate. When exploiting a
renewable resource, the concept of sustainable
development should be borne in mind. Conflicting
land-uses such as fishing, cutting of mangroves for
different uses, salt mining, urban expansion, waste
disposal and various marine activities are likely to
exhaust the mangrove resources.

The Mombasa mangroves study was an effort to
design an appropriate methodology that could be
used to rapidly and cheaply assess other Kenyan
mangroves. The recommendations made may enable
this resource to be properly conserved, managed and
where exploited, to be appropriately harvested on a
sustainable basis. Future monitoring programmes
may be based on the maps prepared from this study
to determine the changes that may occur from time to
time for example in a recent oil spill incident in

1
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Kipevu area where a reasonable mangrove coverage
was destroyed.

1.2 Objectives

The objectives of the study were:
(i) To document the extent and status of the

mangroves of Mombasa District.
(ii) To assess the suitability of SPOT multispectral

Satellite imagery in providing baseline data for
monitoring and management of mangrove areas.

(iii) To prepare a checklist of plants growing in and
around the mangrove communities of Mombasa
District.

(iv) To give possible suggestions and
recommendations that may be applied for
sustainable utilisation of the mangroves.

2. STUDY AREA

The study area is situated within Mombasa District.
The District (figure 1) fronts the Indian Ocean and is
one of the districts of Kenya,s coast province. Within
an area of 275km^, it is the smallest district in the
country (Ref.6). It has three creeks namely Port Reitz,
Tudor and Mtwapa which are all surrounded by
mangrove vegetation.

Physically Mombasa district is a coastal lowland with
extensive flat areas, arising from 80m in the east to
about 10Om above sea level in the west (Ref.7)

The district's national and international significance as
a centre for tourism, commercial and industrial
activities designates it as a principal town and urban
centre second only to Nairobi.

2.1 Climate

The climate of Mombasa is related to the regional
pressure cycle, namely: The semi annual passage of
the Inter-tropical Convergence Zone (ITCZ) and
monsoons. The north easterly monsoon occurs from
January to March and the south-eastern monsoon
from June to October. Most of the rainfall occurs in
Mombasa in the months between the monsoons when
convection is enhanced. The mean annual rainfall is
1038mm with the months of April, May and June
recording the highest rains. The minimum and
maximum annual temperatures are 23.90C and 28.50C
respecti vely(Table 1).

2.2 Landuse

Mombasa is an urban area. The most notable
activities are in commercial services and
administration. Habour activities are most noticeable.
Residential areas sprawl most of the island. Mombasa
being the smallest district in the country and highly
urbanised has less agricultural land compared to
other districts. However, farming has intensified in the
180Km^ of the land gazetted as agricultural land in
the district (Ref.6). Agriculture is mainly undertaken
in Kisauni and Likoni divisions, while Changamwe
division is fast loosing its agricultural land to
industries and residential estates as a result of the
expansion of Mombasa town.

Major horticultural crops grown are kale, brinjal,
Amarantlnis^ okra and tomatoes. Major tree crops
include cnshewnuts, mangoes and coconuts which are
normally interplanted with food crops. Extractive land-
use in Mombasa comprises of stone and limestone
quarries, gravel and murram excavation pits. Fishing

is another important activity and individual fishermen
are often seen in their small boats along the creeks
surrounded by mangroves.

3. MATERIALS AND METHODS

3.1 Materials

Various materials were used to map out mangrove
cover types. These included:
(i) SPOT multispectral imagery transparency
(ii) Existing topographic maps sheet Nos. 201/1,

193/3 and 198/4 at a scale of 1:50,000. These were
used to compare various features on the images
with other contents regarding landuse/ landcover
and orientation during field surveys.

(iii) Ground sampling equipments e.g: tape measure,
2.5m ranging rod and data sheets.

3.2 Methodology

The methodology used was based on a double
sampling approach starting with the use of remote
sensing to provide stratification of the area into major
cover types. This was followed by ground truthing and
sampling for the species identification and
categorisation into various cover types.

3.2.1 Remote Sensing

Remote Sensing is broadly defined as a process of
gathering information about objects from a distance
based on electromagnetic energy reflected or emitted
by that object. Satellite Remote sensing data can
provide natural resource managers and planners with
periodic information on the extent, location and status
of the resources. Such information types are used in
the day to day decision making on the
implementation of management policies, such as
conservation and resource allocation.

The region is under cloud cover most of the year and
to get a cloud free image is fairly difficult. However,
SPOT 1 multispectral imagery was obtained for
Mombasa area (KJ 146 358 of 12 June 1987) from
Toulouse-France. SPOT multispectral imagery which
has a spatial resolution of 20m x 20m was the ideal
imagery for mapping mangrove cover types. This
colour imagery together with its good spectral
resolution rendered it appropriate for spectral
discrimination within the complex mangrove
ecosystems for a detailed mapping especially with
support from ground truthing.

Transparent overlay was put over the image and
placed on a light table where all the distinguishable
features were delineated. The difference was based
on colour intensity, chroma and hue together with
other image characteristics including pattern and
texture among others as described by Lillesand and
Kiefer (Ref.8).

3.2.2 Ground measurements

In each stratum obtained, representative stands were
sampled to obtain information regarding the
mangroves on:

(i) Mangrove species
(ii) Height class
(iii) Crown cover
(iv) Density of species

v 1-
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Belt transect of 60m x 2m as described by Mueller-
Dombois (Ref.9) was established and measurements
of all species falling on it undertaken. The
information was later used to analyse species
composition, density as an expression of numerical
strength, relative frequency (Rf) indicating the degree
of dispersion ot individual species, abundance (Ab) as
an expression of the number of individuals of different
species in a community and percentage canopy cover
(% cc) as an expression of area covered by different
species canopies. Finally an attempt was made to
prepare a vegetation checklist of plants growing in
and around the mangrove community. The methods
used were those used by the Dept. of Resource
Surveys and Remote sensing (DRSRS) formerly
(KREMU) in its rangeland monitoring attempts
(Réf.10) and those used by botanists elsewhere in
compiling lists of plants by occurrence in different
habitats.

4. RESULTS AND DISCUSSION

The above double sampling approach yielded good
results on the mangrove species, community
distribution and uses. Eight mangrove communities
were identified (Table 2).

The SPOT image delineated and followed by ground
checks has resulted in the production of mangrove
cover maps (Figs 2a-2c) clearly indicating their extent
and distribution along the three creeks of Mombasa
i.e. Port Reitz, Tudor and Mtwapa creeks. The
following cover classes were delineated:

1. Sonneratia/Rhizophora/Avicennia
Community

This was the most dominant category in both Port
Reitz and Tudor creeks. Sonneratia alba dominated in
most places followed by Rhizophora mucronata mixed
with Avicennia marina. Rhizophora sp. locally called
Mkoko and Sonneratia alba are exploited for both
firewood and building purposes. This category covered
1307.5 ha (27.1%)

2. Rhizophora/Ceriops Community

This category was represented in the image by a dark
brown colour. It consists of Ceriops tagal in the outer
fringes and a mixture of Bruguiera gymnorrhiza and
Xylocarpus sp. with average height class of 6m.
Ceriops is also heavily utilised for building purposes
while Xylocarpus sp. has some medicinal values. This
unit covered 535 ha (11.1%)

3. Sonneratia alba Community

This occured in pure stands in Port Reitz and Tudor
creeks. It was not very conspicuous at Mtwapa. It was
common at the edge of the creeks and often seen with
most of the trunk submerged in sea water. The
average height was 6m in most cases. The cover
occupied 67.5 ha (1.4%)

4. Rhizophora/Avicennia Community

Represented by light brown colour in the image.
Rhizophora mucronata is dominating followed by
Avicennia marina. Ceriops tagal is also common in
the outer fringes with Herritiera littoraJis and
Lumnitzera racemosa occasionally found in the
periphery as was the case in Mtwapa creek. This
category occupied 1233.6 ha (25.6 %)

5. Rhizophora mucronata Community

This occurs in pure stands along water channels with a
canopy cover of over 70%. It grows very fast on soft
muds. The stilt roots are normally flooded by high
tides. At the mangrove collection yards, Rhizophora
was very common since most of the mangrove billets
for domestic and industrial energy come from this
species. The regeneration from Rhizophora seedlings
is very high where the substrate is stable. This
category covered 50 ha (1%)

6. Rhizophora/Sonneratia Community

This category occured in Port Reitz creek with
mangroves of an average height of about 6m.
Selective cutting was very common since Rhizophora
mucronata and Sonneratia alba provide good quality
timber for building and firewood for both domestic
and industrial energy. This category covered 47.5 ha
(1.0%).

7. Rhizophora/Avicennia/Ceriops Community

This was another distinct cover type with mangroves
falling between height class of 6-7m except in Mtwapa
where their average height was 4m with discontinuous
canopy cover in some areas. Ceriops tagal was very
popular due to its high wood properties. The cutting
was selective and intensive in some parts since
Rhizophora and Ceriops sp are highly valued. There
were also some few other species such as Xylocarpus
sp. and Bruguiera sp. found growing in this
community. This category covered 177.6 ha (3.7%)

8. Open swamps/mud flats

These were the most outstanding features
surrounding the entire mangrove area. The areas were
not subjected to daily flooding except during the high
tides. Immediately in the vicinity of the open areas
are small halophitic plants such as Salicornia sp. and
Sueda sp dominating. The open swamps were
represented by a bright tone in the SPOT image. This
category covered 1402.6 ha (29.1%).

9. Others

Other land use/land cover types adjacent to the
mangrove areas identified in the image included built
up areas which represent part of Mombasa town and
other infrastructure outside the Island e.g the Airport.
Settlements and tree crop agriculture were also
observed in the image.

Satellite imagery (SPOT image) proved to be very
useful in identifying mangrove areas and other iand
use types in close proximity. Different mangrove
zonations were identifiable using tonal differences in
the image. It was not possible to identify mangroves to
species level in the image but tonal differences
interpreted were confirmed to represent a different
mangrove community during field surveys. It was not
also possible to detect the cutting of mangroves from
satellite imagery because the cutting is selectively
done and clear cutting is not practiced.

The quantitative data collected from one of the
sampling plots was analysed in terms of abundance,
frequency and density as the three quantitative
aspects which describe the general nature of
mangroves. An attempt was made in terms of
structural analysis to establish the relationship
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between the number of live mangrove species,
seedlings and stumps (cuttings).

Results derived from data collected from Mkupe area
in Port Reitz creek (table 3) show that the rate of
cutting for Ceriops.tagal is higher compared to
regeneration. The situation for Rhizophora mucronata
is not an exception although more data need to be
analysed for further conclusion.

5. CONCLUSION

The superior resolution of SPOT data made it possible
to identify and map different cover types in the study
area. With the complement of ground survey, species
identification was possible in the area. From these
results, SPOT data promises a new dimension in the
use of Remote Sensing particularly in this region
where rapid acquisition of data is necessary for
development planning. Hopefully with further
research into the use of satellite imagery for coastal
resource planning and management, it will be
possible to answer some of the questions arising from
such studies and refine what amounts to very useful
and time saving method of monitoring mangrove
areas. Questions such as how much area of Kenya is
currently undor mangroves, their status and
exploitation patterns will be answered.

Some marine features such as coral areas were clearly
distinguishable in the image and this suggest a
possibility of using SPOT image in marine resource
inventory. Other land use/Land cover types including
linear features such as roads and hydrographie
network and different types of vegetation mapped
using SPOT data is an indication that the imagery
provides data for rural planning.

6. SUGGESTIONS AND RECOMMENDATIONS

1. Use of further satellite imagery in
monitoring mangrove areas.

Having shown and recognised the use of SPOT
satellite imagery as a powerful aid to fast field data
collection, it would be worthwhile to apply this tool in
documenting the status of mangroves in the entire
Kenyan coast. A good sampling strategy
incorporating aerial photography on a sample basis
may rapidly enhance the results for mangrove
management.

2. A national inventory of the mangroves of
Kenya should be made

The status of the mangrove ecosystem should be
highlighted in the inventory report. It is after this that
a national mangrove management scheme can be
framed and prepared by a multidisciplinary group.
Along this line, an integrated development of the
mangrove ecosystem in general with particular focus
on forestry and fishery is preferred to sectoral
approach so as to minimise development expenses
and avoid duplication of efforts.

3. Increased awareness of the mangrove values

The efforts to conserve the mangroves would benefit
from greater awareness in Governmental, non-
governmental organisations and amongst the general
public of the importance of mangroves. To this end,
an educational campaign should be initiated,
emphasising the values of the mangroves and their
links to other elements in the ecosystem, principally
sea grass beds, corn! reefs and fish populations.

4. Pollution Control - A multidisciplinary
management team should be established in
collaboration with the National Oil Pollution
Committee, the Kenya Ports Authority, Mombasa
Municipal Council and other concerned parties to
study the aspects of oil pollution and garbage disposal
in close proximity to mangrove areas.
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Fig. 1: Study area map.

Fig 2(a) Classification of mangroves of Port Reitz
creek in Mombasa and surrounding cover
types based on SPOT imagery and ground
truthing.

Fig. 2(b) Classification of mangroves of Tudor creek
in Mombasa and surrounding cover types

Tabel 1 Some major bioclimatic data

based on SPOT imagery and ground
truthing.

Fig. 2(c) Classification of mangroves of Mtwapa
creek in Mombasa and surrounding cover
types based on SPOT imagery and ground
truthing.

Source: Blasco et at 1988

Months ^

Parameters

I
Temperatures

Air
Humidity (%)

Rainfall (mm)

Number of
rainy days

J

23.9

79

72

10

A

24.2

79

69

11

S

25.7

77

71

9

O

26.1

77

86

8

N

26.9

79

74

7

D

27.7

77

76

6

J

27.8

73

30

3

F

28.0

73

14

2

M

28.5

75

59

5

A

26.7

78

192

13

M

25.8

84

319

17

J

24.6

80

100

10

Average

26.4

78

1163

101

Table 2. Mangrove species found in Mombasa District

Species

Rhizophora mttcronata La m k
Bruguiera gymnorrhiza (L) Lam
Ceriops tagal (Pen) C.B. Rob
Sonneratia alba J.Smith
Avicennia marina (Forsk) Kierh
Lumnitzera racemosa L. Gaertn.
Xylocarpus sp.
Heritiera littoralis

Local Name

Mkoko
Muia
Mkanda
Mlilana
Mchu
Mkanda-Mwitu
Mkomafi

Family

Rhizophoraceae
Rhizophoraceae
Rhizophoraceae
Sonneratiactae
Avicenniaceae
Combretaceae
Meliaceae
Sterculiaceaq

Table 3. Summary of mangroves data sampled in the Rhizophora/Ceriops community near Mkupe in
Port Reitz creek.

Species Average Height Relative No. of Volume % Cover
(m) Frequency % Stems/ha

Ceriops tagal

Stumps (cuttings)
Seedlings

Rhizophora mucronata

Stumps(cuttings)
Seedlings

1-2
2-3
>3
-
"

<3
3-5
>5
-

25
18
7

32
18

38
28
4
17
13

1167
883
33

1500
833

1500
1167
167
667
500

1
4

29
-
-

1
12
251
-
-

26
53
74
-
-

19
26
25
-
-
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Fig 1 Study area map
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REMOTE SENSING OF COASTAL ZONE SABKHA DEPOSITS, GULF OF SIRT, LIBYA

1 1 1 2
Y. AL Fasatwi; M. EL Alami; A. Sghir; and I. EL Aradi

,Petroleum Research Centre, P.O.Box 6431, Tripoli, Libya.
2Bironi Remote Sensing Centre, P.O.Box 81826, Tripoli, Libya.

ABSTRACT

The complex coastal sabkhas of the western gulf of Sin, Libya,
has been mapped from Landsat TM and Spot data. The main ob-
jectives of this study are to examine the use of remote sensing
data for coastal zone mapping, and to study the effect of sabkha
sediments and depth of the ground water table in spectral reflec-
tance of these sediments. Differences in spectral reflectances of
different zones of sabkha in remote sensing images represents
the differences in type of sediments and the effect of the soil
wettnes which is related to the thickness of capillary zone. The
geomorphology and drainage system suggest that these sabkhas
are more close to land sabkhas than marine sabkhas and the con-
tinental recharge is more likley.

Keywords: sabkha sediments, costal zone, Spot, Landsat TM.

!.INTRODUCTION

1.1 Location and geological background

The study area situated in the western margin of Sin gulf, Libya
(Fig. 1), and covering approximately 1000 square km, measures
approximately 120km from north to south, and 30km from west
to east. The topography of the area ranges between 14m ( near
Tawarghah village), and 2m in the outer sabkha. Sabkhat Tawar-
ghah is the name which is used here for these sabkas. These
sabkhas are Holocene subaerial sabkhas situated in structurally
predisposed coastal depression. Their thickness is uncertain but
il can exceed 20 meter in some places ( Réf. 4 ).

These sabkhas are developed in two stages behind a barrier-
ridge complex following the penultimate and the last major sea-
level rises. A strong north-to-south littoral drift lead to the isola-
tion of coastal lagoons by a seaward sand ridge following the
stabilization of sea level and produced isolated basins in which
evaporites have been and are depositing (Réf. 5).

The surfacial sediments include Fluvio-eolian sediments, gyp-
sum and salt, limemud, and organic accumulations.

Outer barrier

Outer sabkha

Inner barrier

Inner sabkha

Fig. 1: Location map showing major physiographical features
and sedimentry units (Réf. S).

Proceedings o< the Central Symposium of the International Space fear Conference Held in Munich Germany. 30 March -4 April 1992
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A combination of visual and machine assisted technques has
been esatblished for image interpretation. This procedure in-
volves, visual analysis of 1:100000 Spot colour composite com-
bination band: 3 (blue), band: 2 (green), andband.-l (red). The
interpretation of tone variation of colour composite were carried
out based on sampling from selected training areas. The field
work were carried out at the same season of talcing the images.

1.2 Previous studies

An outline of the sabkha sediments has been given by Hey
(1962), Goudarzi(1970), has reported only on their occurrences.
The evaporites sedimentology of these sabkhas has been de-
scribed by Rouse and Sherif(1980). The area has been mapped
also by Mann(1975), and Migalkovic(1977). The objective of
this study was to determine whether the zonation of these eva-
porites minerals can be mapped and interpreted using the in-
creased spectral capability of remote sensing data.

2. HYDROLOGICAL AND SEDIMENTOLOGICAL
SIGNIFICANTOF REMOTE SENSING DATA.

The geomorphology of the sabkhas urea in the Spot image can
be subdivided into four major components: outer barrier, outer
sabkha, inner barrier, and inner sabkha (Fig. 1). The large por-
ous complex barriers(Calcarenite and Sand beach of barriers),
extend tens of kilometers surrounded by non porous evaporitic
sediments of the sabkhas. This, certainly, provides a Quaternary
evaporatic model which should be useful to predict hydrocarbon
stratigraphie traps in ancient evaporites.

The Spot image shows that the water run to the sabkhas through
the wadies as well as the springs supply the sabkhas with water
while the sabkhas have no present-day surface conection to the
sea. The sea water encroachment is probably by subsurface
seepage through the barrier driven by a hydraulic head between
mean sea level and the sabkhas ground water.

The groundwater springs near and in the village of Tawurhah
which supply the sabkhas with mineralized hot water (406), are
located in remote sensing images in area of fault which indicates
that these springs are related to deep layering tectonic line. The
fault trend form the landward margin of the sabkhas and proba-
bly represent the previous shoreline.

Local changes in relief or general morphology are reflected in
the zonation of vegetation which is abundant around the springs
and in the wadi streams. However, the overall shape of the inner
sabkha gives indication that type of sediment, vegetation and
water flow, both surface and subsurface seem to be controlled
by delta of Wadi Souf Ajjin.

Spot image (Fig. 2), Show four different tones correspending to
the different sabkha zones. These zones are related to different
sabkha sediments and different thickness of capillary zones.

The Spectral reflectances curves (Fig. 4), gives higher reflec-
tances for zones which are more close to the land(zone 1), where
the water table is deeper (about 160 cm), and the sabkha are
covered by carbonates and fluvial-eolian sediments of delta.
Gradationally the reflectance decrease in zone (2) of limemud
and gypsum precipitation with decreasing in thickness of capil-
lary zone above the watertable (about 40 cm). In zone (3), the
spectral reflectance is very low, where the capillary zone above
the watertable is about 10cm, and the area is covered by algl
mat.

In general, the areas where the capillary zone above the water
table has a limitted thickness (a few centemeters), appear in re-
mote sensing images as dark areas (zone 3), millimetre Lami-
nated algal mats occur in close association with millimetre
Laminated domal stromatolites. Coarse gypsum is usually pre-
cipitated below the water table. The lowland sides of the sabkha
(zone 4), form a long term brine pond. In these ponds, the hal-
ite precipitated forming halite crust with thickness ranging from
a few centimeters, to a bout SO centimeters.

As is evident from the levels of accuracy, remote sensing imag-
es can serve as a useful data source for overall assessment of
the sabkha sediments. Using spectral consideration, and after
limited field checking, a variety of sabkha zones can be recog-
nized and mapped (Fig.3).
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Fig. 4: Visible and near-infrared spectral reflectances for sabkha
zones, (Landsat TM data).
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Fig. 2: Spot image ( original is coloured ).

LEQBNB:
Iv-v.v-l
I-1V-V-I Barriers.

ZONE (î)- delta sediments
(fluvial-eolian sediments).

J ZONE (2)- limemud and gypsum,

I ZONE (3)- algl mat and gypsum,

j ZONE (4)-halite.

] Mixed gypsum & halite.

5km

Fig. 3: Interpretation of Spot image, showing different zones
of sabkhas.
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CONCLUSIONS

The subaerial Quaternary sabkhas in the west of gulf of Sirt,
Libya, are classified by location and hydrological setting into
coastal sabkhas which are, both surface and subsurface conti-
nental water fead ground-water sabkhas while the sea-water en-
croachment is probably by subsurface seepage. Application of
remote sensing tool defines four types of the sabkha sediments:
alluvial-colian, lime-mud, gypsum associated with algal mat,
and halite. By using spot and Landsat TM images, it can be
easily recognised four major components in the sabkha area
into: outer barrier, outer sabkhas, inner barrier, and inner sabk-
has.
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ABSTRACT

Lakes ai d i f f e r e n t a l t i tudes in d i f f e r e n t seasons are inve-

s t i g a t e d by using the spec1.:!! measurements of a l l seven

channels of Landsat 5 Thematic Mapper (TM). The cali-

bra t ion of these channels had to be improved. Then an

atmospheric correction wi th help of a radiat ive t ransfer

model was car r ied out to make the lake's signals compara-

ble for d i f f e r e n t a l t i tudes and seasons. Due to the dif ferent

pene t r a t i on of l ight in to the water , the informat ion content

of each channel of the TM belongs to a d i f fe ren t water

depth. The channels in the middle in f ra red are used to

inves t iga te Ihc exis tence and s t ruc tu re of surface f i lms .

Keywords: Lakes, surface f i lms . Landsat 5 TM. new cali-

b r a t i o n , atmospheric correction

INTRODUCTION

Surface f i lms arc impor tan t for the ecosystem of the lake

and for the in terac t ion between water and atmosphere.

But before sa t e l l i t e data can be used, a good calibration is

necessary as well as an atmospheric correction.

THEMATIC MAPPER

Landsal 5 Thematic Mapper is at the moment the in s l i u -

mcnl suited best for the invest igat ion of lakes from space,

because of the combination of its spectral channels with the

high spatial resolut ion of .iO m • 30m for the solar chan-

nels and 1 2 O m • 1 2 O m for the thermal channel. The spec-

t r a l radiance is measured in the visible (TM 1 centered at

0.4<)um, TM 2 at 0.57 urn, TM 1 at 0.66 urn), in the near

(TM 4 at 0.84 urn), in the middle (TM 5 at 1.68 urn. TM 7

al 2.22 [im). and in the t h e r m a l i n f r a r e d (TM 6 at 11.44 jim).

OPTICAL PROPERTIES OF WATER

First , the goal of this study was to make an atmospheric

correction for the Nat ionalpark Berchtesgaden, which is a

t e r r a i n w i t h elevation differences of more than 2000 me-

te rs . The i n t e n t i o n was Io ex t rac t in fo rmat ion about the

aerosol c o n t e n t of the a tmosphere in d i f fe ren t regions and

heights bv using the spectral propert ies of lakes in the

middle i n f r a r e d . It had to be found out, that lakes do not

behave like clear water , especially in the uppermost layer.

I t was not possible to ex t rac t information about the at-

movphcre.

But it was possible to get a lot of informations about la-

kes. The investigation of lakes is normally restricted to

selected sites. With Landsal 5 TM it is possible to look

s imul taneous lv at a whole lake or even at several lakes of

a special region. Because the pene t ra t ion of l igh t in to wa-

ter is wavelength-dependent , i t is possible to sec wi th each

channel of the TM the d i f fe ren t inheren t optical proper-

ties of the water in different depths. With the channels in

the middle i n f r a r e d M is even possible to investigate the

uppermost l a > e r of a lake and thereby surface microlayers.

The pene t ra t ion of l ight into water is impor tant for the

organisms l iving in it. Different organisms absorb light in

di f ferent spectral wavelength-regions. Therefore, the pene-

t ra t ion depth of l ight in this special wavelength-spectrum

is the l imi t for their occurence. Normally this depth is

calculated as the depth in the water , in which the sunlight

pene t ra t ing through the water surface has diminished to 1/e.

For satell i te measurements the penetration depth is the

maximum depth from which light might be scattered and

reflected up Io the measuring instrument in each of its

channels. For the channels in the visible spectrum the pe-

n e t r a t i o n depth is high (TM I: 40m, TM 2: 13m, TM 3:

J m), in the near and middle infrared the penetration depth

is very low (TM 4: J6 cm, TM 5: 1.5mm, TM 7: 0.6mm).

This depth is modified by the absorption and scattering ca-

pabi l i t i es of the organisms, the yellow substance and the

anorganic compounds d is t r ibuted in the water. The absorp-

tion and fluorescence capabilities of the organisms depend

on their pigment content and composition. The reflectance

of the anorganic compounds depend on the source rocks or

v 1-

Proceedings of the Central Symposium i
/ESA SP 34' JUI> <9,Q2i

'International Space Year Conference Held in Munich Germany. 30 March-4 April 7992



704

v»

t

soils, from which the mater ial was transported into the

lake. Furthermore it depends on the temperature of the la-

ke and the dissolved substances, which are responsible for

chemical react ions, which may change the source material.

RADIATIVE TRANSFER

For the scanning of a lake by satellite from nadir view the

rad i a t i ve t r ans f e r is given by 6 primary processes (of.

f i g . I ) : the incoming sunlight , which a) is scattered by

atmospheric molecules and aerosols up :., the satellite, b)

is scattered forward by atmospheric molecules and aerosols

down to the water surface and is reflected there up to the

sa te l l i t e , c) is reflected by the water surface and then

scattered fo rward by atmospheric molecules and aerosols

up to the satel l i te , d) penetrates into the water and is

scattered there by water molecules or other inherent

substances up to the satell i te, e) penetrates int;> the water

and is scattered there backwards by water molecules or

olher inherent substances and is then scattered forward by

atmospheric molecules and aerosols up to the satel l i te , and

f) is reflected by the surroundings of the lake and then

scattered forward by atmospheric molecules or aerosols

over the lake up to the satel l i te . The last process is cal-

led background con t r i bu t i on of the surrounding or adjacency

effect .

\

The radiat ive t ransfer model calculates all these processes,

except the adjacency effect. This effsct is not included,

because in the here used model developped by Fischer

(1983) the calcualions are made for oceans, where this

effect is orly imporlanl near the shore. For small lakes

the adjacency effect is not neglectable, so it is taken into

account lateron.

As mentioned before the penetration depth in tSie visible

spectrum is high, and the effect of d) and e) on the satel-

l i te measured lake signal is high. In the near and middle

infrared the penetration depth is very low, and therefore

the effect of d) and e) can be neglected in the case of

clear water.

The reflectivity of the water surface may be calculated for

clear water and in the case of low wind-velocities with

the known Frcsnel-formula. This reflectivity is modified by

material swimming on the surface.

CALIBRATION

By using the calibration formula (l) given by ESA or NASA

with the prclaunch gain- (a , ) and offset-values (aj, one

unforlunately gets negative spectral radiances (L) over

dark surfaces such as lakes in the channels 4, 5, and 7.

The digital number (DN) measured over such surfaces

sometimes is zero, e.g. over the high lying Funtensee.

L = a0 + a, • DN (D

Now it is possible to calculate with the radiative transfer

model the spectral radiance which should have been mea-

sured over this high lying lake in the channels 4, 5, and 7.

Using the formula ( l ) , the spectral radiance for a DN-value

of 7cro is only given by the offset. So the new calculated

spectra! radiance is taken as the new offset. The new offset

values for the channels are: TM 4: 1.5162 W/(m* sr |im).

TM 5: 0.0240 W/(m2 sr urn), TM 7: 0.0039 W/(m sr urn).

As an improvement of the prelaunch gain values the fac-

tors given by Epema (1990) for each channel are used (TM 1:

1.19, TM 2: 1.16, TM 3: 1.20. TM 4: 1.07, TM 5: 1.0085,

TM 1: 1.0249). Even these improvements lead not to a

good calibration, which must use the actual information of

the in ternal calibrator on Landsat 5.

For TM 6 the prelaunch gain and offset values are used to

calculate the spectral radiance (L) which is then used in

equation (2) given by Schott and Volchok (1985) to calcu-

la te the temperature (T)

*, **,

1 Components of sa te l l i t e measured *pectral radiance
over a lake

T =-

# (2)

D

with K1 = 1260.56 K and K2 = 607.76 W/(m! sr urn). This

calibration is not good enough 1» give absolute temperature

values, but it is sufficient for the comparison of lakes within

a scene.
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ATMOSPHERIC CORRECTION

As mcnlioned before, il is not possible Io gel actual infor-

mation about the atmospheric turbidi ty by investigating the

reflectance of lakes in the middle inf rared . The only way

now to get these informations are measurements of the

v i s ib i l i t y at the surface. With formulas given by Sturm

( ! < ) « ] ) i t is possible to calculate the optical thickness for

each w a v e l e n g t h just by knowing the visibi l i ty. It is not a

good means Io use a horizontal visibil i ty for the vertical

t u r b i d i t y of the atmophere. but it is a f i rs t guess. The best

t h i n g to do f i r s t is to correct only the influence of the

Riivleigh scatlcring and then to have a look at the lakes'

s i g n a l s .

The DNs of the inner pixels of each lake are averaged

and then converted to spectral radiances. Each mean spec-

t r a l radiance is p l o t t e d as a dot in Figure 2, and the stan-

dard dcvi i i i ion as bars . Each picture contains for one chan-

nel the s igna l of each lake observed on the 5"' of may,

I ' lHf i . Channel l> is not p l o t t e d here. The height of the la-

kes in t h i s d i a g r a m var ies between 422 m above sea level

and 1415m. The higher lying lakes are s t i l l covered by ice

and not p lo t t ed here.

What one w o u l d expect because of the infuenee of the at-

mospheric aerosols is a decrease of the signal wi th height,

especiall) in the middle i n f r a r e d , where ;he signal measu-

red over wa te r by s a t e l l i t e should be only due to the at-

mospher ic i n f luence . This cannot be found. Even lakes,

w h i c h arc I i ing s ide b> side have r a the r large differences

in ref lected spcc t ia l radiance in al l so la r channels . Espe-

c ia l ly the d i f f e rences between the lake-signals in channels

5 -.ind 7. where the penetration depth is low, are very

as ton ish ing . E~.cn a f t e r making an atmospheric correction

w i t h the r a d i a t i v e t r an s f e r model of Fischer (1983) consi-

dering both molecules and aerosols (the optical thickness is

calculated as mentioned before wi th help of the visibilliy),

one cannot e x p l a i n these differences or even the amount of

the s a t e l l i t e measured radiance. The differences between

the s igna l s musl be due to proper t ies of the uppermost

p a r t of the lakes .

Some lakes, which have a very high signal in channels 1 to

4 have a ra ther normal signal in channels 5 and 7. The

signal measured over water b> sa te l l i te in the near in f ra -

red is o f t e n used to get informat ion about the atmospheric

turb id i ty (especially for the CZCS). This seems to be very

dangerous when working with lakes, because suspended

matter , yellow substances and organisms occur even in the

upper JO cm of the lakes.

If one compares the spectral characteristics of the lakes in

this scene wi th those in other scenes, one has to find ou!

that they are va r i ing very much from scene Io scene.
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Fig. 4: Residual reflection of four large lakes on 9 th of
August, 1986, for ull solur channels.

ADJACENCY EFFECT

Searching for ihe reason of the different signals one first

assumes they may be due to the background radiation of

the sur roundings . It is possible to calculate the amount of

this effect in form of reflectivities with the formula given

by Tanré (1979), which is dependent on the distance of the

observed region from the surrounding, on the optical depth,

on the wavelength, and on the solar zenith angle. If the

observed lake-pixels are 1 km apart from the lakeside, for

clear atmospheres this effect is neglcctablc. It was also

found out, that the differences between lake signals do no!

I .

I
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necessarily hiivc the same amount or even sign as the

differences between the signals of their surroundings. So

one has to care for this effect , but it can be excluded as

an explanat ion for the strange behaviour of the lake's signals.

SPECTRAL SIGNATURES OF LAKES

The nex! step was to investigate the spectral signature of

the lakes. To exclude adjacency effects only the center of

large lakes is examined and reflectivities are calculated to

make lakes in differen channels and seasons comparable.

The residual reflectance is calculated with equation (3),

R =
(L531 - L,.,) • K

L0 • cos(e)
(3)

where Lsal is the sa te l l i t e measured spectral radiance, L lay

the calculated spectral radiance due to Rayleigh scattering,

L0 the incoming spectral radiance of the sun.

Figure 3 shows, that the TM-measured reflectance of the

lakes for all solar channels has not the same wavelength

course as it would be expected for a clear water surface.

In fact, the reflectance curve reminds one much more of

the chlorophyll spectrum of green vegetation. The reflec-

tance values in channels 1 and 3 are low, which corre-

sponds to the absorption bands of chlorophyll , and in the

green visible spectrum of l igh t the reflectance has a local

maximum. The highest reflectance values are in the near

i n f r a r e d and then the reflectance decreases up to longer

wavelengths.

Maybe the high reflectivity in channel 4 is only due to the

bad calibration, but this cannot explain the differences

between the lakes. If one compares the spectral reflectivi-

ties in fig. 3 wi th those in fig. 4, where the same lakes

are shown but for a different scene (August, 1986), one

can see, that the values for channel 4 are much lower in

August t h a n in May. In fact , the reflectance peak is here

in channel 2. except for the Mattsce. For several other

lakes, which are not i l lus t ra ted here, the reflectance peak

is in channel 1. Because the penetration depth in the visi-

ble channels is very high, the reflectance peaks there are

due to inherent optically effective substances or organisms

in the water .

LIMNOLOGIC INTERPRETATION

Some lakes have very high signals in channels I to 4 and

rather normal signals in channels 5 and 1 as mentioned

before (cf. fig. l). There is e.g. the Saalachsee (49Om

above sea-level). I t s spectral reflectance for d i f f e ren t sea-

sons is shown in fig. 5. This high reflectance even in the

near infrared is due to the great amount of bright suspen-

ded mat ter , carried into the lake by the Saalach. If there

is a great amount of suspended matter in the upper layer

of the lake, even the signal in channel 4 is influenced.

The great differences between the signals of the lakes in

the middle infrared are due to substances and organisms in

the surface micro-layer. In the surface film are organic

and anorganic substances brought there by the wind as well

as organisms, which are adaptet to this special region of

the lake. There they find a large amount of light and

nutr ients . Most of these organisms (neuston) have a hydro-

phobic (out of the water) and a hydrophil (in the water)

part. The hydrophobic part and the wind-imitted particels

influence the surface reflectance, so it differs from the

reflectance calculated with the Fresnel-formula. The sur-

face film itself extends about 40 urn into the water (Na-

geli, 1990), and so the channels in the middle infrared are

influenced, although the penetration depth is very low.

A high re f l ec t iv i ty in channel 1 can be a hint for the exi-

stence of blue-algae, in channel 3 for red-algae. Good

estimations of the content of organic compounds, yellow

substances and anorganic compounds are dif f icul t for the

TM as long as the calibration is not good. Till now, it is

only possible to make qual i ta t ive analyses of the inherent

propert ies of the lakes.

Saalachsee
0.18

0.16 -

0.14 -

§
P 0.12 -
U
Usi 0.10 -
J 0-08 -
<

Q 0.06 -

04 0.04 -

0.02 -

0.00

05.05.86

2i.05.ee
11.07.87

09.08.86

0.45 0.65 0.65 1.05 1.25 1.45 1.85 1.85 8.05 2.25
WAVELENGTH

Fig. 5: Residual reflection of the Saatachsec for all solar
channels at d i f f e ren t seasons.

OUTLOOK

For belter quanti tat ive results of the investigation of lakes

w i t h TM-dala, simultaneous measurements of reflectance

or spectral radiance have to be made over the lakes from

ship or a i rplane. A comparison with data of the Optical

Mult ichannel Analyzer (OMA) and the Airborne Thematic

Mapper (ATM) wil l be made soon. This will help to che-

que the quality of the calibration, too.

Water samples have to be collected to compare the signals

measured in the channels in the visible to the actual amount

of materials distributed in the water . Those can better be
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distinguished with the additional information content of

channel 4, which is not used normally by the investigation

of lakes because of its low penetration depth. A colabora-

tion with the Norwegian Institute for Waterresearch (NIVA)

is planned.
Further investigation of the coverage of lake-surfaces with

wind imitted materials or neustonic organisms is necessary.

We hope to extract more information about the inherent

optical properties of lakes with the help of other spectral

measuring instruments soon.
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ABSTRACT

An assessment of Landsat TM data as a tool for monitoring
south-western Australian coastal waters and estuaries for
surface chlorophyll concentration and Secchi disk depth (a
measure of the water clarity) was undertaken using Cockburn
Sound and Peel-Harvey Estuary as study sites. Algorithms
have been developed using satellite received radiance, corrected
for atmospheric effects and water quality data obtained at the
time of the satellite overpass. It is shown that in both of these
systems a high confidence may be placed on the predictions
using these algorithms and therefore offers a cost-effective tool
for complimenting regular monitoring programs.

Keywords: Landsat TM, coastal waters, estuaries, water
quality, algorithms, chlorophyll, Secchi disk.

1. INTRODUCTION

Population growth and intensive agriculture are having
significant impacts on the estuaries and near coastal
environments of south-western Australia. Among the more
noticeable effects of discharging increasing loads of nitrogen
and phosphorus into these systems have been increased
frequencies of phytoplankton blooms in several estuaries and
embayments and the associated decline in seagrass meadows
(Réf. 7). Several systems, such as the Peel-Harvey Estuarine
System (Réf. 13), have been monitored and management
strategies put into place but for a large number of estuaries the
cost of establishing regular monitoring programmes using
conventional techniques are prohibitive. There clearly is a need
for cheaper and repetitive survey systems for measuring water
quality in the waters of these systems, to allow their informed
management. Previous success in using remote sensing to
assess water quality (Refs. S, 9, IS) and the relative cost
effectiveness of satellite remote sensing (Réf. 7) have promoted
a general attitude that satellite remote sensing is potentially an
ideal survey system.

Although Landsat Thematic Mapper (TM) was not originally
intended for coastal investigations, some success has been
achieved in using the data for water quality measurement,
particularly chlorophyll (Refs. 5, 9, 11, IS, 17) and salinity
(Réf. IS). Airborne TM data has been used to assess water
quality in Bristol Channel, U.K. with strong correlations
between suspended sediment concentration (SSO and visible

5 km.

Hirvty R.

Figure 1 - Map of Peel Inlet and Harvet estuary showing the
location of sites where sea-truth data were collected for each
overpass.

TM bands (Réf. IS). High correlations were also obtained with
salinity but no correlation was found with chlorophyll
concentrations, due mainly to spectral interference from the high
SSC values. In contrast, Tassan (Réf. 17) found that TM data
was at least comparable to CZCS data for predicting chlorophyll
concentrations and concluded that TM Channels 1-4 should
yield suitable data if appropriate correction procedures are
applied. This conclusion is supported by other studies which
have found significant correlations between TM data in
Channels 1 - 3 and chlorophyll concentrations and Secchi disk
depth (SDD) for a range of coastal water bodies (Refs. 1,9,11,
12).

•

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
IESA SP-341 July 1992)
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While llic above suggests (hut TM data is a potential tool lor
estimating water quality in small coastal water bodies, the
practicality of developing algorithms and assessing their
accuracy value to managers has been undertaken in only a few
cases. This study is an assessment of Landsat TM data as a tool
for monitoring south-western Australian coastal waters and
estuaries using Cockhurn Sound and Peel-Harvey Estuary as
study sites.

The Peel-Harvey estuarine system (Figure 1), located 70 km to
the south of Perth along the West Australian coast, comprises
of two inter-connected lagoons, with a maximum depth of 2.5
m, and a total area cover of 130 km^. Three major rivers
discharge into the system: Murray and Serpentine into the Peel
Inlet and the Harvey into the Harvey Estuary (Figure 1) with
90% of the annual discharge occurring during the winter
months. The catchment of the Harvey river consists of pasture
land which has been fertilized with super-phosphate over the
past three decades. The excess fertilizer runoff is the main
source of nutrients into the system (Réf. 13). There have been
increasing symptoms of eutrophication since the 1960s. Large
quantities of rotting algae are blown onto what were once clean,
sandy beaches in Peel Inlet in late spring and early summer, and
there arc massive blooms of the blue-green alga Nodularia in
the Harvey Estuary. The chlorophyll concentrations within the
blooms exceed 600 ygH and the max Secchi disc depth is 0.20
m (Réf. 13). The seasonal cycle of the chlorophyll
concentrations is related to the river (nutrient) discharge and the
increase in salinity through evaporation. In general, the
chlorophyll concentrations are low (< 5 MgI'1) during the winter
months. Although the maximum river (nutrient) input occur
during the winter months the growth of the phytoplankton
(diatoms and blue-green algae Nodularia spumigena ) is limited
by the water temperature. With the increase in temperature in
spring, massive blooms occur during the months of November
and December. The blooms die off due to increased salinity in
ihe estuary as a result of high evaporation and hence the
chlorophyll concentrations decrease from after January.

Cockburn Sound is a 100 km^ marine embayment located to the
south of Perth metropolitan area (Figure 2). It's protected
waters and beaches are of unique value to the people of Perth
for recreation, fishing, aquaculture, industry and as a port.
Industrial development on the Cockburn Sound coastal strip
began in the 1950's, and industries now extend along much of
the eastern shoreline. A causeway links the mainland with
Garden Island, where a large Naval base has been established.
Cockburn Sound began to show higher concentrations of
phytoplankton and nutrients than adjacent waters, and a single
industrial outfall was identified as the principal source of
nitrogen and phosphorus (Réf. 2). Initial distribution of
phytoplankton (expressed as chlorophyll concentration) were
undertaken in 1977/78 and subsequent studies between 1979
and 1990 recorded chlorophyll 'a' concentrations ranging from
0.1 to 12.1 (Ig H (Refs. 2-4) and showed considerable spatial
heterogeneity with higher concentrations being recorded in
water adjacent to nutrient outlets (Réf. 3).

2. METHODS

2.1 Sea-truth data

In the Peei-Harvey estuary, surface water samples were
collected at 18 to 25 sites (depending on weather conditions)
almost con-current with satellite overpasses on 14/12/89,
24/1/90,31/1/90 and 25/2/90 and in Coc^burn Sound, sea-truth
data were collected at 13-19 sites coincident with the satellite
overpass on 31/1/90. 25/2/90, 13/3/90 and 7/5/90. Each
sampling site was geographically located to within 18 m using a
JVC Geographical positioning system (GPS). Surface salinity
was recorded at each site using a Hamon (Model 603)
temperature-salinity bridge and Secchi disk depth (SDD) was
measured with a 20 cm diameter, black and white quadrant disk.
Chlorophyll concentration (a, c and phaeophytin) of the surface
water was determined spectrophotmetrically by extraction in
acetone using the method of Jeffrey and Humphrey (Réf. 8).

Figure 2 - Map of Cockburn Sound showing the location of
sites where sea-truth data were collected for each overpass.

2.2 Satellite imagery

Landsat TM images were obtained from either EOSAT (USA)
or from the Australian Centre for Remote Sensing (Australia).
The images were corrected for atmospheric effects by
subtracting the radiance recorded by each band at a dark-pixel
within the image (i.e. pixels with chlorophyll 'a' concentrations
< 0.3 ug 1-1). In this study, a 512 x 512 pixel area of ocean
(~30km offshore) was analyzed to determine the dark-pixel
characteristics and the correction procedure applied to the whole
image. The results were compared with the model described by
Tassan (Réf. 17) and the difference between the two methods
was < 1 digital count for each visible band.

The TM images were geometrically controlled and the sea truth
sampling sites for each day was located on the image using the
GPS positions. The mean and standard error of the
atmospherically corrected radiance values for each wavelength
band were then extracted for clusters of 5x5 pixels centered on
each sampling site to reduce both the scatter of the data and
errors in locating the sites.

Multiple (stepwise) regressions were applied to all the data
obtained from the four sampling occasions using the measured
water quality parameters as the dependant variable and the
digital values (and ratios) in the various bands as the
independent variables. Pigment concentration (C) data were
transformed to Log C to account for the non-linear relationship
between pigment concentration and radiance. Where ratios were
used as the independent variable both raw and Log transformed
ratios were used, based on the success of Mitchclson ftal. (Réf.
14) in using Log of ratios in Case 2 water. The regression
equations were appraised using the selection criteria of Whitlock
et al. (Réf. 18), namely: the correlation coefficient R should
approach unity, the standard error of regression should
approach zero, the F value should be much larger than the
critical F value extracted from the table of critical F-valucs
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(F/Fer > 4), Cp, a measure of the squared random error should
b e < l . Regression equations (algorithms) were then applied to
ihe corrected data image to produce thematic maps of the various
water quality parameters.

3. RESULTS: FIELD DATA

In the Peel-Harvey esluary, the chlorophyll concentrations
covered a wide range on each sampling occasion. The
maximum range of 2-280 \ig 1'', was observed in December
1989 and was associated with the spring Nodularia bloom,
which was predominantly chlorophyll 'a'. The January (24th)
pigment concentrations were associated with the posl-Nodularia
diatom bloom and was dominated by chlorophyll 'c'. The
minimum range of 2-31 Ug 1"' was observed on 25tn February
and followed the decline of the diatom bloom (Table 1).
Harvey Estuary had generally higher pigment concentrations
than Peel Inlet. Secchi depths also showed considerable
variation between the sampling dates.

In contrast, in Cockburn Sound only a small range in the
chlorophyll concentrations was observed on each sampling
occasion. The maximum range of 2.34 Ug 1"', was recorded in
May (Table 1 ).

DATE System Surface
Chlorophyll

Secchi
Disc Depth

(m)

Temperature

(0C)

Min Max Min Max Min Max

14/12/89
24/01/90
31/01/90
31/01/90
25/02/90
25/02/90
13/03/90
07/05/90

PH
PH
CS
PH
CS
PH
CS
CS

2.0
1.0
0.5
1.0
0.4
2.0
0.2
0.3

2.5
208.0

2.5
210.0

2.0
31.0

1.5
2.7

0.3
0.5
3.8
0.6
7.2
0.5
5.5
6.5

3.0
4.5
7.0
6.5

15.0
4.5

11.5
15.0

22.3
20.4
20.5
19.2
23.0
24.7
22.5
19.6

24.4
23.3
22.5
22.7
24.1
27.5
23.5
20.5

TABLE 1 - Range of environmental variables measured in
Cockburn Sound (CS) and Peel-Harvey Estuary
(PH).

4. RESULTS: ALGORITHMS

4.1. Peel-Harvey Esluary

4.1.1 Chlorophyll

The logarithm of ihe chlorophyll conceniralion (Log C) in ihe
Peel and Harvey Estuaries was significantly regressed to ihe
ratio of Bands 2 and 3, which accounted for 71 % of ihe
varialion with a standard error (s.e.) of 0.27. Treated in
isolation. Harvey Estuary pigment data showed greater
correlation with TM dala (R = 0.87; s.e. = .22), visually
evideni in ihe reduced scalier of the observed versus predicted
plot for Log C (Figure 3). This is probably due lo the almost
one-dimensional variation in surface water quality of Harvey
Esluary, along the North - South axis. Together with a
dampened tidal influence in Harvey esluary, this makes time
delays in sampling the system less critical and may well account
for the stronger correlations with remotely sensed data. When
ireaied in isolation. Peel Inlet dala also yielded an improved
regression model.

The dala were funher analysed to determine sensitivity of the
algorithms lo concentration ranges, since Harvey Estuary had
generally high Log C values than Peel Inlet algorithms. This
has been noted for CZCS data, where separate algorithms are
used for C < 15 ug I'1 and C > 15 ug T1 (Réf. 16). In this
case, no slalistically significant regression was found when data
points over 15. 50 and 100 ug I"' were analyzed in isolation.

R2 = .75B

0 1 2 3

Observed Log C (ng/1)

Figure 3 - Comparison between observed and predicted (using
atmospherically corrected radiances and equation 2) chlorophyll
concentrations (Mg 1"') in the surface waters of Harvey esluary.

Algorithms for the prediction of surface chlorophyll
concentrations are:

Peel Inlet:

Log C = 3.09 - 1.65(TM2/TM3) (1)

(R = 0.85 s.e. = 0.27)

Harvev Estuary:

Log C = 3.61 - 1.9KTM2/TM3) (2)

(R = 0.87 s.e. = 0.22)

The band selections for these algorithms are satisfactory from a
physical basis, being visible wavelength bands, and from a
statistical basis with high R values and the selection criteria of
Whitlock et al. (Réf. 18) being met in all cases. The regression
standard errors vary from 0.21 lo 0.27 Log units,
corresponding to ± 1.6 lo 1.9 fig 1" '. These standard errors are
not much more than a realistic estimate of the errors associated
spcctrophotometric determination of chlorophyll concentration
in ihe range found in Peel Inlet over spring and summer. As
such the algorithms could be confidently expected to predict
upward of 70% of the true quantitative chlorophyll variation in
the system and will he excellent predictors of qualitative
variation.

4.1.2 Secchi Disk Depth

Secchi Disk Depth (SDD) was modelled with different variables
in the three estuaries. When the Peel and Harvey estuaries,
were considered together, SDD was predicted from Band 3 and
the ratio of visible wavelength bands 1 and 3 with little bias over
the range of observed values (Figure 4). The regression
explained 81 % of the variation in SDD with a standard error of
0.40. Peel Inlet SDD data yielded a regression with three
variables and a decreased R. Harvey Estuary data also yielded a
poorer regression model. Since the regression using both
estuaries had the highest R and satisfied the ,selection criteria of
Whitlock tt al. (Réf. 18), it was considered the most
satisfactory :

SDD = 0.74 - 0.05TM3 + 1.8(TM1/TM3) (3)

(R = 0.90, s.e.= 0.40)

The use of different variables lo predict SDD and ihe increased
R compared with the Log C algorithms, is probably the result of
factors other than chlorophyll contributing lo water colour in the
system. Again, the band selection in this algorithm conformed
lo expectations, being based on visible wavelength dala, and
was statistically acceptable. As well as providing a useful
prediction of SDD. this algorithm could be used in conjunciion

^. -?fJ» •
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with Log SDD/atlenuation coefficient regressions to determine
attenuation coefficienls in the system. Such algorithms have
previously been developed for Peel and for Harvey Estuaries
from regular monitoring data.

K2 = .808

0 2 4 6

Observed SDD (m)

Figure 4- Comparison between observed and predicted (using
atmospherically corrected radiances and equation 4) logarithm
of Secchi disk depth (m) in Peel inlet and Harvey estuary.

4.2 Cockburn Sound

4.2.1. Chlorophyll

There are two predictive equations for the chlorophyll
concentration : linear and log-linear. The linear equation used
bands 1 and 3 whilst the log-linear relationship used the ratio
between bands 1 and 2 together with band 3. Predicted
chlorophyll concentrations from this model show a reasonable
amount of scatter (Figure 5) against the observed values. Both
equations are statistically significant.

g
O

I.*

K O 1 2 3

Measured Chlorophyll Cone.

Figure 5 - Comparison between observed and predicted (using
atmospherically corrected radiances and equation 4) chlorophyll
concentrations ( M g 1'1) in the surface waters of Cockburn
Sound.

The algorithms for the prediction of surface chlorophyll
concentrations are:

C = 0.30 - 0.1 TMl + 0.23TM3 (4)

(R = 0.77, s.e.= 0.23)

Log(C) = - 0.20 + 0.08TM3 - 0.3KTM1/TM2) (5)

(R = 0.73, s.e.= 0.17)

The algorithms again satisfy the selection criteria of Whitlock e:
al. (Réf. 18) in all cases. The regression standard error

responds to an accuracy of ± 0.3 Ug H (equation 4) to ± 1.5
I"' (equation S). The algorithms could be confidently

expected to predic' upward of 70% of the true quantitative
chlorophyll variation in the system.

Ug

: Depth (SDD) predictive equations contained either
S . Although the correlation coefficient was > 0.7 in

4.2.2 Secchi Disk Depth

Secchi Disk Dep
bands 1 or 3 .
the models, only the log-linear model satisfied the selection
criteria of Whitlock et al. (Réf. 18). The use of similar variables
to predict SDD and the increased R compared with the
chlorophyll algorithms is an indication that only chlorophyll is
contributing to the colour of the water within the Sound. Again,
this algorithm is satisfactory from a physical basis, being based
on visible wavelength data. The comparison between the
measured and predicted values indicate that at lower SDD
values, there are differences which decrease with an increase in
SDD (Figure 6).

I

1.1

1.0

0.9

o.e'

0.7-

0.6-

0.5
0.5 0.6 0.7 0.8 0.9

Measured Log (SDD)
1.0 1.1

Figure 6 - Comparison between observed and predicted (using
atmospherically corrected radiances and equation 6) logarithm of
Secchi disk depth (m) in Cockburn Sound.

Algorithm for the prediction of Secchi disk depth is:

Log(SDD) = 1.07 - 0.04 TM3 (6)

(R = 0.78 s.e.= 0.09)

The regression standard error corresponds to an accuracy of ±
1.2 m in the prediction of SDD.

Band selection for the algorithms in this study contrast those of
other studies. Tassan's (Réf. 17) TM algorithm for chlorophyll
concentrations is derived from the CZCS algorithm for Case 1,
oceanic waters and utilizes the ratio of visible band 1 on 2. The
Peel-Harvey Estuary model included the ratio of bands 2 and 3
in the algorithms (equations 1 and 2). Variation in water
constituents may account for the differences in variable selection
for this study and compared with other studies of coastal waters
(Réf. 1, 12). In Cockburn Sound, the concentration of
inorganic suspended matter is very small especially during the
summer months. Hence, it most probable that this together with
(he low measured chlorophyll concentrations contributed for the
selection of these bands.

5. DISCUSSION

The results confirm that satellite remote sensing, and in
particular Thematic Mapper data, may be used effectively to
determine surface water characteristics of coastal water bodies.
The study has developed algorithms for: determination of
surface chlorophyll concentration in Peel-Harvey estuary to
within ± 1.9 u.g 1-1 and in Cockbum Sound to ± 0.3 Ug I'1

and Secchi disk depth accurate to within ± 1.2 m. The
algorithms for predicting chlorophyll and Secchi disc depth are
statistically significant and satisfies the criteria established for
selecting water quality algorithms from remotely sensed data
(Réf. 18). Each algorithm has a sound physical basis and
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reflects the expectations based on the relationship between the
parameters and their effect on radiance. This strongly supports
the validity of using TM data to estimate water quality in coastal
waters and confirms its value as a monitoring tool.

There was a SO % success rate (9 out of 18 days) in gaining
suitable atmospheric conditions coinciding with satellite
overpasses which is close to the long-term mean (20 year) for
Perth. This indicates a low potential for satellite remote sensing
as an independent monitoring tool in areas with a high
probability of cloud cover. It is apparent that in these areas
satellite remote sensing will not necessarily provide an
alternative to replace current monitoring techniques but, rather,
will provide a supplementary tool that may reduce the cost of
over-all monitoring programmes. For example, the dépendance
of management authorities on weekly or fortnightly field
surveys could be reduced by acquiring appropriate TM images
and applying the above algorithms. This would be particularly
feasible where the quantitative requirements of the results are
within the bounds of the algorithm standard errors. For periods
when precise knowledge of chlorophyll concentrations was not
required, this would provide a cost-effective alternative to the
current procedure. Further, this will allow surface water quality
to be assessed simultaneously over the entire area, rather than at
discrete points provided by a field sampling program.

The algorithms developed here should also be applicable to
other areas where the contribution to the upwelling radiance
from inorganic suspended sediments is negligible.

6. CONCLUSIONS

This study has demonstrated that Landsat TM data can be used
with confidence to predict water quality in relatively small,
enclosed and semi-enclosed coastal water bodies. This was
based on empirical results. However, global applications of
satellite sensed data to water quality monitoring and
management may well require the development of analytical
algorithms in the future.
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REMOTE SENSING MONITORING AND HINDCASTIHG OF THE ACCIDENT
OCCURRED TO THE TANKER HAVEN IN THE GOLF OF GENOA

P. Cecamore, A. Ciappa, V. Perusini

Telespazio S.P.A., Via Tiburtina 965, Rome (Italy)

ABSTRACT

Remote sensing data from high resolution
sensors (Landsat-TM and SPOT-HRV) and high
frequency of acquisition sensors
(NOAA-AVHRR) have been used to monitor and
hindcast the movements of the oil spill
generated by the accident occurred to the
tanker "Haven" in the Gulf of Genoa on the
April 1991. High resolution data have been
used to accurately locate the oil slick
and estimate its extension. NOAA-AVHRR
data have provided information about sea
surface circulation during the wreck days.
These data, together with wind field data,
have been used as input for a pollution
dispersion model.

Key words: remote sensing, monitoring, oil
pollution, numerical modelling.

1. INTRODUCTION

On the llth of April 1991, the oil tanker
"Haven", anchored off the port of Genoa,
was damaged by an explosion during the
unloading phase. The accident was followed
by a big fire (fig.l), and caused the
spillage of a great quantity of oil and
finally the sinking of the tanker.The oil
slick affected a wide area of the western
Ligurian sea, beaching on long stretches of
the Italian and French coast.

The Earth Observation Unit of Telespazio
was entrusted by the National Authorities
with the provision of all the information
regarding the accident, obtained by
satellite remote sensing.

The activities were based on data coming
from high frequency acquisition sensors
(NOAA-AVHRR) and high spatial resolution
sensors (LANDSAT-TM, SPOT-HRV) and were
developed in two phases:

1) Real-time processing and analysis of
data; monitoring and first evaluation of
oil movements.

2) Post-analysis of remote sensed data;
integration with meteo-oceanographic
and observational data; accurate
hindcasting of the movements of the
oil. This activity is still proceeding
at present.

Fig.l WOAA-AVHRR band 4 image of the
Thyrrenian Sea daring the emergency phase.
The tanker is anchored close to the port of
Genoa and the smoke plume is visible.

2. METHODOLOGy

The methodology identified during the
emergency phase has been refined during the
ex-post analysis, although the core has
been left unchanged. It involves the use

- data from high resolution sensors in
order to accurately locate and measure
the extension of sea affected by the oil
spill and the coast subject to stranding

- data from high frequency of acquisition
sensors, necessary in the identification
of the sea surface circulation patterns I

4
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a pollutant dispersion model, whose
input data are wind fields, surface
current field, type of oil and initial
location of the oil spill. The output of
the model represents a sort of "dynamic
interpolator" of remote sensing data.

A complete set of Landsat-TM, SPOT-XS and
NOAA-AVHRR data was acquired during the
emergency phase. The images were
immediately processed and provided the
National Authorities (for Landsat and NOAA
data the final products were available only
few hours later the acquisition by the
Fucino and Scanzano Telespazio ground
stations). A first estimate of the
displacement of the spill obtained by the
model was carried out in this phase.

Various processing techniques (contrast
stretching, band ratios, multispectral
classifications) were performed on the high
resolution images in order to identify the
spectral signature of oil.

AVHRR images relevant to the days llth-13th
of April (before tanker sinking) have
revealed the shape and the extension of the
smoke plume. Information regarding the
tanker displacements during the fire have
been- also extracted identifying saturated
pixels on channel 3.

Activities relevant to the characterization
of sea surface circulation have proceeded
with the following steps:

identification of the thermal front
dynamics on NOAA images using
interactive "stretching" procedures and
displaying the stretched images in
rapid time sequences ("videoloop"
techniques);

drawing of fronts and introduction of
these information in the Geographic
Information System;

integration of remote-sensed data with
mean seasonal sea surface circulation
patterns;

hindcasting of the sea surface
circulation patterns through the drawing
up of current vectors and spatialization
of the vectors in the domain of
interest by means of objective analysis
techniques.

The code utilized to simulate the movements
of the oil (Réf. 1) is an adapted version
of a module previously developed by the
NOAA (Hazardous Materials Response Branch,
Seattle, WA 98115) and called On-Scene
Spill Model (OSSM). Regarding this version
dated 1990, the diffusion processes have
been differently treated and new routines
were implemented to allow the remote-
sensing data assimilation. The model is a
lagrangian elements model, or a trajectory
model, in the sense that it describes the
surface trajectories of a finite number of
lagrangian elements, each one representing
a percentage of the total oil spilled. The
lagrangian elements are characterized by
the release date and location, and chemical
composition of the oil, to evaluate the
evaporation processes, the latter being
assigned from a specific database included
in the code.

The movement of the oil is due to a
combinate effect of wind and current, whose
influence is reciprocal expecially in
coastal areas. The model simulates the
advective transport utilizing time-variable
winds and currents data, and the diffusive
processes with a random walk technique.
Wind data were provided by the National Air
Army during the emegency phase; during the
post analysis, data from the Metorological
Office of Bracknell (England) were also
used. The current data and initial location
of the oil spill were obtained by remote
sensing techniques as described before.

3. RESULTS

The two images (SPOT-XS, scene 57-261,
14/4/91 and Landsat-TM,scene 194-29,
15/4/91) (fig 2) provide the most
impressive view of the areas affected by
the oil spill and beaching. The movement of
the oil spill, subject to sea surface
currents and wind, is apparent. The
extension of the spill is approximately the
same for both the images (58 km2). The
combination of the two opposite effects of
diffusion (which tends to enlarge the area
affected by the spill) and evaporation and
solution of the lightest fraction of oil
(which tend to reduce the extension of the
spill) may explain this evidence (Ref 2).

As far the spectral behaviour of the oil
spill, a radiometric response slightly
brighter than the sea water is apparent in
the visible and near infrared region. The
longer the wavelength, the better
discrimination is possible among different
regions within the oil spill. In the
infrared region (band 6 of TM sensor) the
radiometric temperature of oil spill is
higher than sea water probably due to the
different heat capacity of oil and water
subject to sun heating, although oil
presents a lower emittance than water
(Réf.3). Some areas stand out within the
oil spill- probably those where the slick
is thickest (Réf.4). Those are mainly
located in the stretch heading off-shore
and this evidence is consistent with the
observations of the night overpasses of
NOAA satellites.

The information regarding the smoke plume
detected by NOAA satellites has revealed
that no considerable particulate deposition
has interested the coastal and internal
zones of Liguria. In fact, although the
smoke plume was very extensive it was
always oriented southward (seaward).

The circulation field resulting from the
analysis of NOAA images is presented in
fig. 3. Remote sensing data allowed the
detection of transient dynamics affecting
the area and interfering with the seasonal
climatological circulation, which is
characterized by the Ligurian-Provencal
current, flowing longshore from Italy to
France.In particular the images reveal the
presence of coastal gyres, affecting small
scale circulation, which caused the
displacement of a significant part of the
oil slick off-shore.

\ \
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A comparison between the SPOT image of
14/4/91 and the graphic output of the model
referred at the same time is presented in
fig.4. The good coincidence between real
and simulated distribution of oil is
indicative of model's validity and also
confirms the significance of input data; in
particular, the circulation patterns
obtained i\s described before, seem to be
appropriate.

Simulations with different conditions have
shown that the sea surface circulation
field seems to have played a crucial role
in the movements of the oil slick during
the first days after the wreck.

Remote sensing information have thus
proven as an effective tool in the control
of marine pollution, both for direct
analysis and as input data for modelling
activities.

Fig. 2 Comparison between the SPOT-HRV (14/4, above) and
Landsat-TM (15/4, below) images of the oil spill.

f*
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Fig. 3

Fig. 4 Comparison between a detail of the SPOT-HRV image and
the -"utput of the model relevant to the same time.
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ALGAL BLOOMS AND GEL PRODUCTION IN ADRIATIC SEA OBSERVED BY

REMOTE SENSING TECHNIQUES

R.Ligi, B.Azzara, G.Borzelli, P.Cecaraore, A.Ciappa
Telespazio

Via Tiburtina, 965 - 00156 Rome (Italy)

Abstract

In this paper the ability of aerospace remote sensing
technology for the observation of the phenomenon of gel
productioninAdriaticS(,aispresented.Theobservationactivity
carried out in summer 1991, by the use of satellite and airborne
CZCS data, made it possible the detection of intense filaments
and aggregations ofgelkyperproduction over the Northern and
Central parts of the Adriatic Sea. Some results of the
observations and analysis performed in summer 1991 are
presented, proving the good capability of monitoring this
phenomenon.

Observation activity

Since 1988 the Northern and Central parts of the Adriatic
Sea have suffered from the formation of massive quantities
of gels (a smelly foam or slime). The aerospace remote
: ',nsing technology provide a useful tool for the observation
and control of this phenomenon. Data acquired from
satellite and airborne sensors allow a real time tracking of
blooms and gels and an understanding of the evolution of
the phenomenon. In summer 1991, an observation activity
has been carried out, making it possible the detection of
intense surface and submerged filaments and aggregations
of gels. For this activity, the following data from several
sources have been acquired and processed:
- multispectral data from satellites like SPOT-HRV
(multispectral mode) and LANDSAT-TM (Thematic
Mapper) which offer high spatial resolution (20-30 m at the
ground), and low temporal resolution;
- high frequency data from NOAA-AVHRR satellite system,
which passes up to four times a day over the observation

area;

- data from airborne CZCS (Coastal Zone Colour Scanner)
sensor, which is able to detect radiances in 12 spectral
channels with very high spatial resolution.

High resolution SPOT-HRV and LANDSAT-TM
images have been successfully used for studies on sediments
and chlorophyll concentration [Robinson, 1985], and they
provide detailed information concerning the distribution
and the nature of algal slime [Zambianchiet.al., 1990], while
NOAA-AVHRR data, which provide descriptions of current
flows [La Violette, 1984; Borzelli et.aL, 1992], enable analysts
to establish links, in terms of space-time changes, among
high resolution images acquired at different times. Airborne
CZCS data allow to better utilize the complementarity of
the different data sets, making it possible continuous
observations even when satellite data were not available,
and furnishing more detailed information in coastal areas.
The integrated analysis of all data sets enables to identify
the relationship between gel displacement and possible
causes (thermal fronts, local marine currents), and hence to
retrieve information on the possible evolution of the
horizontal displacement, in order to individuate coastal
areas where risks of gel invasion could be possible. All the
final analyses and information have been sent to the

BLOCKSCHEME OF THE MONITORING ACTNTTIES

figumt
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Fig. 2 SPOT image of the Northern Adriatic Sea on July UtIi, 1991.

appropriate authority in the form of periodic bulletins

describing the general situation and forecasting near-term
trends (see block scheme of figure 1).

Results

In figure 2 is shown the result of an analysis performed
over a high resolution SPOT image, representing the

situation (July, 11 )of the sea areain the vicinity of the Riviera

Romagnola (between the Mouths of the Po River and
Ravenna). This image has been produced starting from a

linear transformation of the radiance in three visible SPOT

channels and shows intense aggregations and filaments of

gel substances ( K)O Km in length), extending from the open
sea to about K) Km off-shore. It can be seen that the
combination of the three channels (with independent

weights for each channel) is able to display the geometrical

position of the filaments, taking into account that they must
be localized on the sea surface or Io a maximum of not more
than 10 m below the surface.

Figure 3 shows the extension of gel aggregations on

August. 7, in the sea area north of the Po Delta. This figure
represents a LANDSAT-TM image produced by the
combination of three visible and near-infrared channels. The

configuration of the observed filaments have been compared

with the marine current regimes as described by several

authors [Franco, 1982; Malanotte-Rizzoli and Bergamasco,
1983; Borzelliet.nl., 1992]. The eddy at the top of the figure
is easily distinguishable and it seems to display that the

filaments are localized in correspondence of the thermoaline
fronts.

Fig. 3 LANDSAT image of the Northern Adriatic Sea on
uxt 7th. 1991.
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An analysis of all the observations on the overall period

of gel hyperproduction (July 6 - September IS), has produced
the map in figure 4, displaying the mean spatial distribution
of the phenomenon; in each square (10 Km x 10 Km in

length) is represented the mean area of observed filaments

and aggregations in the period of activity. Some
considerations can be done regarding the possible reasons

of the localization of the phenomenon. Comparing the map

of figure 4 with the one of figure S, which shows summer

mean sea surface temperature inferred from AVHRR data,
we can see that the areas with high probability of formation

of surface gel and slime are those where thermal fronts are

persistent. Areas characterized by strong thermal fronts are

also those with intense vertical motions. This fact allows an
easy upwelling of gel. Furthermore, there is probably also a

strong connection between the mean water circulation and

the mean spatial distribution of gel: generally the areas with

higher dynamics are also the areas with greater frequency

of observation of the phenomenon. Finally, the sea area of

high presence of gel and slime around the Po Delta is also

the area where the warm waters of the Po river flow into.

Thus, the input of nutrients from the Po river could also plays

a role in the high development of gel and slime aggregations

in this area. Following others hypothesis, an important role
is also played by unusual climatic conditions with the

consequent horizontal stratification of water mass
[Marchetri, 1990\.
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Fig. 5 Summer mean sea surface temperature computed by
the nightly observations of the AVHRR in 1991.
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.if i oas t ' s i hanger, are pi osen ted at diagram

foi ni .

Analysing of Fig.1 . WD can divide t-lpl

Peninsula coast into two parts: West and

Ptir, t . WP'.. t pai t 19. j l.'in long with vpry

• i t iony abrasion pirocesses ma;:. 6'4fn (almost

S m/year ) and East pavt more differential

w i th tendency to accumulation on the end Df

peninsula ma::. 105m (3 m/year ) .

Results are presented in Tab.:l and E.

Tab. 1

The classes of dune base changes

class
of

changes

C
B
A
O
R
S
X

value
of changes
in ra/year

> + 1
+0.5 + 1

»0.2 +0.5

-0.2 +0.2

-0.5 -0.2

-1 -0.5
< - 1

part of peninsula
in n

W_
_

220
4785
W55
8195
1925

E

Î520

3135
1540

3400

2090

1540

9Ï5

W + E

3520

3135
1760

8525

6545

9733
2860

Tab. 2

Balance (1957-91) of changes dune base line in sq •

erosion part

accumulation part

Balance

Fart of Peninsula

W

- 11 170

+ 77

- 11 093

E

- 3 561

+ 9 226

+ 5 665

W + E

- 14 740

+ 9 303

- 5 437

The bay 's side of peninsula was not

analysing at. this paper, because there are

no dunes at that side. It is relative

'.safety coast without big erosion hazard.

The balance* of the changes of the coast is

almo'.L fi,fiOO sq ni erosion. It is about 160

sq m on I I.m coast in 3't years. Dn West part

tlu» balance Js more then 11,000 sq m

erosion. It is about 570 si] m on It^m coast

in 34 year s ,

f t is very interfiling, that even ori so

^e1Iy erosion We"-; t part there are some

points not (. htingeable. Probably they are

the1 nodes points of the coast as found and

il6«:ii..r ibed by Furmanc r_yt ' et. al. 1991.

Compie:: pho to interpretation analysis of

AfC ial photographs taken in 1991 year was

made for open sea side of peninsula.

The important element1» as indicators of

beach erosion hazard were presented like:

ot a I. ion and shape of long shore bars,

ei osion bay location, height of dune or

iac I- of them, places with dune's erosion,

methods of coast 's protection: groins and

nourishment area.
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1

Example of this map in sea If.' about 1:50,0110

for small part of peninsula as presented at

Fig .5.

On a base of the map«5 presented on Fig.J .

and S the map of the HeI Peninsula coast1

erosion hazard was made fur open se?a side

of peninsula.

The map consists: location of long shure

bars with distance of second bat from the

shore line,breaks in the f j r s t bar, height

of dune, parts of the coast with high dune

or without dune, places with dune's

erosion, abrasion bays, groins and beach

nour i shment nrioa.

Two crit&?i aoTi'r» of c lass if ira Lion was apply:

-existing or lack of dune,

- breaks and lacks of underwater long shore

bars.

Th^ coaL"» t erosion hazard was divided on

three classes: great, middle and stable.

The results are presented on Fig.3. ar-i the

map of the HeI Peninsula roast evasion

hazard.

CONCLUSIONS

HeI Peninsula could be divided unto two

parts: West 19.5 km long with great erosion

(almost 2it)/year) and East more different

with tendency to accumula t ion on the end of

peninsula (3m/year).

At both side: West arid East there are

points not changeable during 3'\ years.

Dune base' 1 in(2 is a very useful element for

analysing of the coast changes, because it

location is a resu.ll. of long period

in1 luence of the sea. It presents a change'

trend of thiv coast.

There are two groups of reasons of HeI

Peninsula coast erosion.

The first group is connected with natural

processes: sea level rise, waves, currents

and ice.

The second is connected w i th human

activities like hydrotechnid.il

constructions: sea wal ls , groins etc.

In the first, group of reasons the most

important one js rising up the? sea level

because of green house e f fec t , but

especially at the storms time (more then

Im), in the acting of waves on a higher sea

level.

In thi-> '">t=<.ond group of reauon& lhij mo!.:f

important one is building of Wladycilawowa

!Harbor , bu t. not nnly. It urai-.f!.; Icing shore

i'irocetïsos of sedimert ts .

Tnt' bpsl method used for protection of HeI

Peniii'jula coast is beach nourishment.

I h i.«a project was made on a base of

interpretation of aerial photographs

without any other materials.
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EVALUATION OF NEARSHORE SUSPENDED SEDIMENT CONCENTRATION

THROUGH LANDSAT TM DATA: HRST RESULTS

Giuliana Profeti1, Fabio Maselli2 and Enzo Pranzini1

1 Dipartimento Scienze della Terra, Université degli Studi di Firenze, Firenze, Italy.
2I.A.T.A.-CNR, Firenze, Italy.

ABSTRACT

High resolution remotely sensed data are of major utility
in monitoring the distribution of suspended sediment in
coastal waters.
In such case, and mainly in the nearshore, the contribu-
tion of the sea bottom to the total radiance emerging
from the sea surface is significant. When this is neglec-
ted, as is the case with all standard methodologies, an
overestimation of the suspended sediment concentration
results.
The present paper proposes a modification of a standard
methodology taking into account the influence of a
homogeneous sea bottom, in order to retrieve suspended
sediment concentration.
The contribution of the bottom is quantified and remo-
ved from the global reflected signal through an iterative
procedure.
This methodology has been tested on two images of the
Ombrone River mouth (Southern Tuscany, Italy).
The first results show its effectiveness in removing
radiance coining from the sea bottom.
Some problems concerning the applicability of this
method to coastal water quality assessment are finally
discussed.

1. INTRODUCTION

In the last decades satellite remotely sensed data have
become increasingly important for océanographie appli-
cations, owing to their low cost, synoptic view and
frequent coverage.
High resolution images acquired by the third generation
sensors, such as Landsat TM, are of particular utility
when studying coastal zones, where river input, wave
energy and anthropic activity may determine high levels
of turbidity which needs to be carefully monitored.
Unfortunately, these specific situations are the most
difficult to be investigated.
Usual image processing techniques are in fact based on
simplified radiative transfer models of the sea water, in
which the bottom contribution to the upward irradiance
is neglected.
This assumption can be quite realistic in open ocean, but
can lead to noticeable problems in shallow waters.
In these cases, conventional methods consider the
radiance reflected by the bottom as radiance scattered by
sediments: a strong overestimation of the concentration
of suspended matter is therefore obtained.
In this context, a method to remove the influence of the
bottom from the signal emerging from the sea surface
was recently proposed by our research group and ap-

plied to some northern Tuscany river plumes (Réf. 1 and
2).
The method requires an approximate homogeneity in
the spectral properties of the sea bottom all over the
study area and the support of a digital terrain model of
the bottom itself.
This method was succesfully applied to the study of
some river plumes, where offshore diffusion and
suspended sediment concentration were considerable.
In the present paper, the method is applied to a case in
which suspended sediment derives from beach erosion,
giving high turbidity only on the nearshore.
Two Landsat 5 TM scenes were used to evaluate the
water quality of the study area in different periods.
Maps of suspended sediment concentration were ob-
tained both by the conventional and the improved
procedures.
The results, evaluated by comparison with external,
ancillary information, show that the new method is
more efficient and accurate than the classical one if an
updated digital terrain model is available.

2. METHODOLOGY

A three steps approach to evaluate the concentration of
suspended sediment in coastal waters through Landsat
TM data has been followed:

1) Atmospheric correction of the TM scenes and retrieval
of the actual surface reflectance.
This was performed through a method recently propo-
sed by Gilabert et al. (Réf. 3) and based on a simplified
radiative transfer model in the atmosphere. The correc-
tion requires only ancillary information - which is gene-
rally available - and the presence of a dark pixel in TM
bands 1 and 3.
Since these requirements can be generally fulfilled for
most TM scenes, the application of the procedure can
easily yield the actual reflectance of each pixel for subse-
quent analysis.

2) Estimation of suspended sediment concentration (C)
in the sea water by means of the logarithmic relationship
between C and TM reflectance in band 2, proposed by
Tassan (Réf. 4):

log C = 2.55+ 1.79» log (R2)
where:
C = suspended sediment concentration in mg/1.
R2 = TM reflectance in band 2.

Proceedings o' !he Cenrral Symposium of the International Space Year Conference HeIa in Munich Germany 30 March-4 April 1992
iESA SP 341 Jul} Î992)
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Figure 1. Digital terrain model of the Ombrone River delta nearshore (1 meter contour intervals from O to 10 m).

3) Correction of the effect of the sea bottom by the
procedure described in Maselli et al., (Réf. 1).
This step requires a digital terrain model of the sea
bottom and the assumption of uniform reflectance of the
bottom itself.
The component of the global remotely sensed signal due
to sea bottom reflectance is firstly estimated for an area
with low sediment concentration (which must be care-
fully identified in the scene under study!). Then, this
component is used to obtain a preliminary estimation of
the suspended sediment concentration in the study area,
which is the first input of an iterative process that
gradually adjusts the estimation of [C] to a final correc-
ted value for each pixel.

The final result of the methodology is the evaluation of
the actual concentration of suspended sediments from
TM scenes without any need for field measurements
contemporaneous to the satellite acquisitions.

3. THECASESTUDY

The Ombrone River is located in Southern Tuscany
(Italy), and, like many other mediterranean rivers, it
yields no suspended load for several months a year.
In spite of that, a strong turbidity is always present in
front of its delta, as it appears on Landsat images, even
when acquired in dry seasons.
This fits well with the results of a geomorphological and
sedimentological study of the delta (Réf. 5) showing that
cusp erosion exposes to the wave action fine grained
sediments once deposited in the interdune swales.
Grainsize analyses of beach sediments prove that this
material, due to its small dimensions, is neither deposi-
ted on the swash-zone nor on the submerged beach, but
it leaves the physiographic unit as suspended load.
As this suspended sediment is mainly present on the
nearshore, the area is well suited to test the proposed
procedure.
Two Landsat 5 TM images were used in this test area,
taken respectively on April 22nd, 1987 and on October
1st, 1988.
At the time of the first acquisition, the river had no
discharge, while in concurrence with the second a very
small river discharge was present.
The digital terrain model (Fig. 1) is based on a bathymé-
trie survey performed in July 1987.
The same processing has been applied to both images
and the results appear in figures 2,3 and 4, and in figu-

res 5,6 and 7 respectively.
Figures 2 and 5 are the results of the atmospheric correc-
tion performed according to Gilabert & al. (Réf. 3).
Figures 3 and 6 are the two suspended sediment concen-
tration maps obtained through the method proposed by
Tassan (Réf. 4) without sea bottom correction; while
figures 4 and 7 show the results of the combination of
the same method with the sea bottom correction proce-
dure.

4. RESULTSANDDISCUSSION

4.1. April 22nd, 1987
The comparison between figures 3 and 4 shows that the
complete procedure strongly reduces the estimated
suspended sediment concentration in the nearshore,
where the high sea radiance sensed by the satellite is
actually mainly due to sea bottom reflectance.
This gives a large contribution to the total sea radiance
as sediment concentration in the study area is not con-
spicuous and light can go through a thick layer of water.
The same does not happen when sediment concentration
is higher, as previous studies conducted on river plumes
confirm (Réf. 1 and 2).
In fact, when a large amount of suspended sediment is
present, light cannot reach the sea bottom, even in the
nearshore and the concentrations obtained through the
two methods are equal.
From the analysis of figure 4 we can see that su-
spended sediment concentration is relevant near the
shoreline only in the northern sector of the coast. It is
here that beach erosion, having a rate of 10 m/year,
exposes a large outcrop of clay which is responsible for a
certain turbidity even under quite calm sea conditions.
Moving away from this site, water turbidity markedly
decreases; in the southern sector of the delta (left-hand
side of the figure) suspended sediment concentration
goes to zero.
As this area is not far from that where the sea bottom
reflectance has been calculated (which is out of the
figure), a zero value in this sector is inherent to the used
procedure.
Only a deep knowledge of the study area can lead to the
selection of the "clear water point".
In the present case, the southern beach lacks fine grained
sediments that can be taken into suspension by wave
energy, while those coming from the eroded beach are
slightly moved northwards (left-hand side) by the
longshore currents.
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Figure 2. Landsat TM image acquired on April 22nd, 1987 on thé Ombrone River delta. Band 2 with atmospheric correc-
tion.

Figure 3. Suspended sediment concentration map obtained from Landsat TM image acquired on April 22nd, 1987,
without sea bottom correction.
Sediment concentration ranges from 1 (black) to 16 (white) mg/1, with steps at 2,4 and 8 mg/1.

Figure 4. Suspended sediment concentration map obtained from Landsat TM image acquired on April 22nd, 1987
through the proposed method.
Sediment concentration ranges from 1 (black) to 16 (white) mg/1, with steps at 2,4 and 8 mg/1.



Figure 5. Landsat TM image acquired on October 1st, 1988 on the Ombrone River delta. Band Z with atmospheric correc-
tion.

Figure 6. Suspended sediment concentration map obtained from Landsat I'M image acquired on October 1st, 1988,
without sea bottom correction.
Sediment concentration ranges from 1 (black) to 16 (white) mg/l, with steps at 2,4 and 8 mg/1.

Figure 7. Suspended sediment concentration map obtained from Landsat TM image acquired on October 1st, 1988
through the proposed method.
Sediment concentration ranges from 1 (black) to 16 (white) mg/l, with steps at 2,4 and 8 mg/1.
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4.2. October 1st, 1988
In concurrence with the acquisition of this image a small
river sedimentary input was present and an appreciable
suspended sediment concentration is noticeable even
offshore the river mouth.
The use of a dated digital terrain model (based on June
1987 survey) induces some relevant errors that are worth
being discussed.
The analysis of figure 7 shows the presence of clear
water on the nearshore, in front of the northern beach
(right-hand side of the image). This waterbody, forming
two strips parallel to the beach, may result from an error
in the sea bottom correction as explained below.
In this area sandbars are present throughout the year,
but they move onshore and offshore as a consequence of
different wave conditions. Also our digital terrain model
highlights them, but their position in October 1988 must
have been different from that surveyed in June 1987.
As a consequence, the sea bottom correction is based on
a digital terrain model which is not valid any more, and
this introduces an error. Such error is particularly evi-
dent in those areas that were occupied by sandbars in
June 1987.
Instead, the April 1987 image was probably corrected in
the right way, as the acquisition date is not far from that
of the bottom survey.

5. CONCLUSIONS

The proposed procedure to reject the radiance coming
from the sea bottom from Landsat TM images and
obtain nearshore suspended sediment concentration is a
valuable tool to study coastal water quality.
Some problems arise from the need of updated digital
terrain models.

As these cannot be available for any image to be proces-
sed, an estimation of seasonal and long term sea bottom
morphology changes could provide a measure of the
error deriving from this aspect. The need for a "clear
water point" in each image could be overcome with the
application of a model being able to utilize the first
calculated sea bottom reflectance for different images.
At the moment, this seems to be difficult to obtain as,
while correction for sun elevation could be easily per-
formed, the same is not true for sea surface changes.
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ABSTRACT
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1

The paper gives a presentation of the re-
sults obtained after several years of sus-
tained research for assessing the modifica-
tions recorded over the last two decsJes in
the area of the Danube Delta. The studies
have been made by means of data obtained by
processing large scale air photos resulting
from succesive air photos (since 1969 till
now) and by processing MSS LANDSAT recor-
dings (beginning with those made in 1975),
correlated with ground observation and mea-
surement data in test-areas.
For identifying and mapping the morjhohidro-
graphical characteristics, one made use of
several methods, such as optical and optic-
electronical methods as well as of methods
of supervised digital processing of images.

Keywordst morhohydrographical changes, re-
mote sensing, coastal processes,sediments.

1. INTRODUCTION

Over the last decades, the Danube Delta has
been strongly influenced by the anthropo-
genic activities (hydraulic structures built,
in the area of the Danube Delta and along
the Danube upstream reaches, the radical
changes of the land uses in the catchement
areas of the Danube's tributaries, etc.)
which have induced significant changes in
the distribution of hydrological processes
having sensible effects upon the morpho-
hydrographical characteristics of te Delta>
especially in its marine area.Out of econo-
mic and ecological reasons the need to as-
sess accurately and quickly all these mo-
difications, to identify the processes that
have generated them and to determine the
future trends has become imperative.
Studies aiming at achieving such purposes
have been initiated several years ago;however,
only beginning with 1975 when the MS3 LANIEAT
recordings become available,the investiga-
tion, evaluation and monitoring of hydro-
logical processes occurring in the marine
area of Danube Delta, as well as their ef-
fects, could be approached from a totally
different standpoint. The use of remote -
sensing techniques has become a necessity
on the one hand because the investigations
carried out by conventional means cannot

keep pace with the rapid morphohydrogra-
cal changes occurring in this area and on
the the other hand because of the difficul-
ties encountered in the ground research die
to the natural conditions. The paper gives
a brief presentation of the results of the
work carried out over several years,aiming
at evaluating the modifications that have
occurred over the past two decades in the
morphohydrographical configuration of the
maritime sector of the Danube Delta and,
especially in the area of the Danube'smoulhs
(fig. 1).

Pig.l Study area (MSS LAKDSAT processed
images)

2. BASIC DATA AHD THE WORK METHOD

As basic data one has usedi
- MSS LAWDSAT recordings in the visible -
near infrared interval under the form of
slides on film on the 111,000,000 scale,
beginning with 1975;
- air black and white photos that have
been taken with metric cameras Wild and Zete
on scales in the range of ItIO1OOO and
It25,000 since 1969:
- data obtained from ground measurements car-
ried out in certain test-areas:
- mapped documents especially before the
period of the air surveys and satellite
recordings;

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 7992
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For identifying and mapping the morpho-
hydrographical elements both ordinary op-
tical and optic - electronical processing
methods and digital processing methods of
image data have been used. The digital proces-
sing technique employed is based on a hy-
brid hard system achieved on an IBM-PC/XT
compatible computer, interfaced with a
SPID-86 optic-electronical system and a
PDP 11 computer. The SPID-86 system indudea
also a 1Mb image memory that can digitize
the information in analog format by means
of a TV camera. The access to magnetic tapes
with digital data is made hy the PDP com-
puter. Essentially; this configuration
ensures both the analog and the digitalm-
put. All the data were organised on files
on the magnetic support of the IBM-PC/XT
computer. The algorithms of processing
image-data have been developed in the Re-
mote Sensing Laboratory in the Instituts of
Meteorology and Hydrology; they include
classical image processing HJce contrast
enhancement, windows in the gray levels,
histogram equalizations,multispectral data
processings ( colour-composite,varijus operat-
ions in the spectral bands, etc.).
The results of these processings can be
visualized by means of the SPID-86 memory,
or with a matrix printer.

3. RESULTS OBTAINKD

The sea level along the littoral is influ-
enced only by the interaction of the wind
coming from the land with the one blowing
from the sea. V/hen strong westerly winds
blow the sea level decreases by 0.45ratVttere-
as when easterly and north-easterly winds
prevail the sea level rises by 0.60 m.This
variation of the sea level has an impact
upon the sediments at the mouths of the
Danube. The north-easterly winds are the
strongest and most dominant, especially in
autumn and winter, conditioning the shape
and position of sediments at the mouths.
Figure 2 is an illustration of the change
in "the direction of the fluvial current at
the mouth of the Sulina branch occurring
under the influence of different winds.

under SWwind

Sulmo
mouth

.̂-̂ calm
; under

NNW wind

under NEwmd

Pig. 2

The seasonal and multianr.ua! modification
of the dispersion fiold of the suspended

load carried by the Danube w&tera could be
analysed with good result;; by moans of !.EO
LANDSAT images. The joint action 0^**10

north-south littoral current, the northaiy
and westerly winds (mostly in Autumn and
winter) as well as that of the smaller dis-
charge of the arms of the Danube causes e>-
ther'the dissipation of the suspended load
or jts displacement to the south.
The increased solid discharge during the
overflows? occurring in spring, the calm sea
and the presence of a weak: littoral current
are the main causes of the development of
sediments at the mouths of the Delta CRefJ-J.
iiince the northerly winds prevail tiie north-
ern littoral current is more active than
the southern one causing in front of each
mouth the development of sediments to the
south. The modification of the dispersion
field of the suspended load has been atuJied
in detail over the last 20 years in some
sectors of the littoral area on a sequence
of air photos resulting from air surveys
that have been carried out since 1969. The
natural processes talcing place gradually
lead to the modification of the morpho-
hydrographical configuration or the mari-
time sector of the Danube Delta. On the
other hand, the anthropogenic influences
cause either the acceleration of these low-
ing résulta of the human activities have
been pointed outi
- a direct link between the arms of the
Danube and the lakes in the de pressions bet-
ween the arms wan obtained by cutting of
canals;
- the liquid and solid discharges within
the arms 'of the Danube including the secon-
dary arms and the link canals between them
were redistributed;
- the littoral current was pushed JKm seve-
ral sectors of the Delta shore and the flu-
vial currents carrying suspended load were
deviated after they had entered into the
aea waters by building dikes;
The direct links between the Danube arms
and the lakes in the depressions between the
sand banks accelerate the filling up of
these depressions. A series ofof hydraulic
structures built in the secondary Delta of
Chilia have led to an enhanced unequal dis-
tribution of discharges between the arms
crossing it. Thus, over the 1960-1980 time
interval, the mean discharges became lower
in most arms and rose especially in the
"Stambulul Vechi" arm. The increasing saîi-
roent amounts transported have led to the
relatively quick development of the "bar"
situated in front of the "Stambulul Vechi"
mouth. The processing and interpretation of
aerial and satellite images have allowed to
analyse the evolution of the "bat",as well
as to determine and map its position and
configuration. Due to the position of the
mouth of the "Stambulul Vechi" arm as
against the sea and the Kusura Bay,the"bar"
is slightly bended, following a nourth-south
course and presents two segments ;1he north-
ern segment, which io shorter(23oo m) gets
near the sea shore (up to aoout 25o mV.J-H»-
as the southern one, which ic longer (5ooom)
moves away from the shore line (4-5 km)»
The latter segment behaves like a aimarine
bank. In the calm shallow waters behind the
"bar" the construction, consolidation and
gradual advance towards the sea of the sub-
merged area of the Delta take place due to
the deposition of the sediments carried by
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".'•jtambulul Vcchi" and "luusura" arms. Due
to thenc depositatj.ons the bottom of the
!.luiura Bay rose on an average by 7 - 10 cm
;>er yoar. By comparing the data obtained
by procoKsing air photos taken in 1969 and
1083 and the MSS LANDSAT images, the con-
clusion can be reached that the mouth of
the Kusura arm moved to the south by 1100-
-1200 m, whilst the emersed part of the
(ielta in front of the mouth of the "Stam-
bulul Vechi" advanced to the mouth b.nd
south-east, by 1200-1270 m (Fig.3). One of
the initial advantages of the Sulina arm
aa compared to other arns of the Danube al-
lowiaj of navigating resides in the proxi-
mity of the "bar" aa against the shore line,
due to the relatively reduced sediment amount s
it carries. However, as the liquid discharge
•HS.-J gradually increasing, due to the hy-
draulic structures built along tho Sulina
arm started to bring more and more sediment
amounts.

J
MUSURA BAY

SE

1969
1983 1 0 1 2 3 4 k m

u , toral be,f

B L A C K S E A

Fig. 3 Secondary Chilia Delta evolution
Korphohydrological configuration comparison
based on air image processing(1969 and 1983

For the purpose of ensuring good conditions
for navigation, the dikes were extended ,
dragging operations being initiated. For-
ming an obstacle in the way of sediment a-
nounts brought into the sea by the "Stam-
bulul Vechi" arm and pushing the littoral

current away from the shore line,the dikes
of the Sulina channel (oriented on a south-
east direction) contributed to the develop-
ment of the "bar" that closes Musura Bay
from the sea. Thus, in the west of the"bar'{
the water stream is controlled especially
by the fluvial currents that penetrate in
the Musura Bay cominf from the "Stambulul
Vechi" and Musura arms and to a smaller ex-
tent by the currents originating in the
Sulina channel. The northern dike of the
Sulina channel together with the "bar" at
the mouth of the "Stambulul Vechi"arm turn
the Musura Bay into a "trap" for the sedi-
ments. This contributed to the development
of the southern platform of the Chili» Delta.
In its turn, the development of ihesecondary
Chilia Delta influences the evolution of
the "bar" lying at the mouth of the Sulina
channel. Being closer to the sea than the
shore in front of the Sulina channel, the
eastern part of this delta behaves like a
promontory that moves the north-south lit-
toral current off the Sulina mouth.The ex-
tention to the sea of the dikes of iheSulina
channel had an impact upon the shore of the
delta situated between these dikes and the
mouth of the Sfîntul Gheorghe arm.Thus,the
transportation of the suspended load bepnd
the mouth of the Sulina channel(up to 7 km
distance from the north-eastern part of the
shore) together with the moving off of the
littoral current generate a deficit of de-
tritic material in the immediate vicinity
of the shore. These phenomena expalin the
significant rfile of the waves (the action
of the beach and coast driftsjand especial-
ly of the waves occurring during storms in
modelling the littoral belt. Their action
(in case the detritic material is in deficit)
leads to the withdrawal of the shore line
by the displacement of the littoral belt
to the delta or to its erosion (Réf. 3).

Pig. 4 Typical dispersion lines in the
Sfîntul Gheorghe mouth and Sacalin area

The currents loaded with detrittc materials
can be moved off also by the Sacalin lit-
toral "arrow", the presence of which deter-
mines a certain configuration of the dis-
persion field of sediments brought by the
Sfîntul Gheorghe arm transported along the
shore of the Delta. The analysis of the
data obtained by processing the MSS IANDSAT
images has led to the determination of these
fields, of their variation in time as well
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as to their mapping (Ref.2). The analysis
of the dispersion lines reveals that they
are concentrated in the South of Saoalin
(Pig. 4). Due to the relatively smaU anount
of detritic materials, the process of con-
solidation and development of the littoral
belt is quite weak. The displacement to the
•,vest of the littoral current and its reduc-
tion due to the action of waves can be no-
ticed in the centre and south of theSacalin
littoral "arrow".

4. COKCLUSIOKS

This study did not cover the analysis of
the impact of all anthropogenic activities
influencing the morphohydrogryphical con-
figuration of the maritime sector of the
Danube Delta. The review of the modifica-
tions occurring in the area of the take
into account the synorgism of the natural
processes and the anthropogenic activities.
The rate of the morphohydrographical modi-
fications is accelerated when both the an-
thropogenic activities and the natural pro-
cesses develop in the some sense (such is
the case with the closure and filling up
of the Husura Bay).
The Danube Delta can be regarded as a pro-
cess-response system where the inputs at
a certain moment consist both in mass and
energy as well as in the present configu-
ration of the morphological variables.
Consequently, the outputs consist in mass
and energy on the one hand, and a new con-
figuration of the morphological variables.
Both the form and the effects of the inputs
will be subsequently influenced by the new
state of the morphological structure.

For the purpose of achieving an accurate
and up-to-date evaluation of the impact of
the anthropogenic activities upon the ma-
ritime sector of the Danube Delta, it is
necessary to ensure a permanent surveil-
lance of this area both by ground investi-
gations and, especially, by the raeans pro-
vided by the remote-sensing techniques.
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ABSTRACT

With the availability of high spatial resolution data from
Landsat-S and SPOT satellites remote sensing, with it's
capability to provide synoptic information, is an excellent cost
effective tool for coastal investigations. Applications of this
data are presented and discussed in relation to the extraction of
bathymétrie data; quantitative estimates of suspended sediment
or chlorophyll concentrations; dispersion of effluent discharges;
dispersal of river discharges; estimation of sea surface
temperature; and, monitoring of coastal circulation using
suspended material in the surface as a passive tracer.

Keywords: Landsal, coastal, bathymetry, suspended sediment,
chlorophyll, hydrodynamics

1. INTRODUCTION

The use of airborne and spaceborne instrumentation in
oceanography is well established and satellites are now accepted
as an important means by which large areas of the world's
oceans can be monitored synoptically. Recent advances in
remote sensing systems have resulted in instruments which are
ideal for coastal investigations. For example, the Coastal Zone
Colour Scanner (CZCS) and the Advanced Very High
Resolution Radiometer (AVHRR) which have resolutions of the
order of 0.7 and 1 km, respectively, are adequate for basin scale
oceanic studies. However, for coastal investigations, limited to
scales of 10 km, higher resolution data from Landsat and SPOT
satellites may be more useful. In this paper, applications of
Landsat data for coastal environmental mapping are presented.

Remotely sensing data may be used either to complement data
collected from conventional means or to obtain background
information for a study area. For example, engineers and
scientists may obtain important information on bathymetry,
coastal hydrodynamics and sediment transport prior to detailed
field investigations. Dispersion patterns of suspended sediment
which might cause sillation of a harbour or marina may be
evident in a satellite image. Tidal current patterns may be
abstracted from a sequence of scenes from different tidal states
and used to identify potential sites for dredge spoil dumping or
sewage outfalls. Therefore, preliminary surveillance using

satellite can provide an initial assessment of the dynamics of an
unknown or remote area and has the potential for reducing the
cost of field surveys by enabling detailed sampling to be
undertaken in areas where problems arc likely to be
encountered.

Landsat imagery may have been intended for use by earth
scientists involved in resource studies. However, success bas
been achieved by océanographe», coastal engineers and coas'.al
planners in the application of this imagery to: (a) construct or
update bathymétrie charts for clear water areas, where sunlight
can penetrate through the water column; (b) water quality
monitoring in estuaries and nearshore waters; (c) assessment of
coastal erosion, based upon the use of comparative imagery
from the same area over a number of years; (d) the validation of
numerical models for the examination of coastal hydrodynamic
processes; (c) identification of flow features in shallow waters,
using suspended material in the surface waters as a passive
tracer; (O changes in the patterns of sediment laden river
discharges onto adjacent continental shelves; (g) wave refraction
and diffraction studies; (h) effluent plume analysis; and, (i) the
evaluation of fishery resources. This paper summarises these
applications together with some case studies, undertaken either
by the author or listed in the literature. Although the examples
cited here are limited to the use of Landsat data, similar studies
may be undertaken using other high resolution airborne or
spaceborne (for example SPOT) data.

2. BACKGROUND AND THEORY

Since the early 70's number of satellites have been launched into
space which selectively measure the radiance received by the
sensor in a number of wavelength bands. As the sensor scans
across the line of flight of the satellite, digital values
corresponding to the radiance in each wavelength band are
recorded in each field of view or pixel. The first of these
satellites was the Earth Resources Technology Satellite (ERTS-
1), renamed Landsat-1. which was launched in 1972. It
consisted of a multispcctral scanner (MSS) with a spatial
resolution (pixel size) of 80 m. This was followed by Landsat-
2 and 3 and in 1982, Landsat-4 was/launched which, in addition
to the MSS, was equipped with a new scanner system called the
Thematic Mapper (TM). This increased (he spatial resolution of
the satellite to 30 m pixels. Landsat-S was launched in March
1984 and is still operational. The MSS and TM scanners record
radiances in the visible (0.45 to 0.69 urn) to near infra-red (0.76
to 2.35 Mm) wavelengths of the electromagnetic spectrum (Table
1). The MSS has four wavelength bands in this range whilst
TM has six bands and an additional band located in the thermal
infra-red (10.5 to 12.5 pm) region (Table 1).

Proceedings of the Central Symposium of the 'International Space Year ' Conference. Held in Munich. Germany. 30 March-4 April 1992
(ESA SP-341. July 7992J
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TABLE 1 - Characteristics of Landsat MSS and TM (Réf. 33).

Band Number Bandwidth (MHI)

Landsat MSS
(swath width 185km
pixel size 79 x 58 m)

Landsat TM
(swath width 185km
pixel size 30 x 30 m)

thermal band
(pixel size 12Ox 12Om)

4
5
6
7

1
2
3
4
5
7

0.50-
0.60-
0.70-
0.80-

0.45-
0.52-
0.63-
0.76-
1.55-
2.08-

0.60
0.70
0.80
1.10

0.52
0.60
0.69
0.90
1.70
2.35

10.40- 12.50

Development of algorithms to predict water quality parameters
using reflectance received at the sensor, or digital band values
(DBVs), relies on the application of atmospheric correction to
the DBV data. Radiiince reaching the satellite sensor (Figure 1)
has three components (Réf. 33): the upwclling radiance, which
contains the information on components of the water column;
the reflected radiance, due to reflection from the sea surface and
a contribution from atmospheric scattering of radiance into the
field of view due to air particles (Rayleigh scattering); and the
scattering due to particulars in the atmosphere (aerosol
scattering). The atmospheric correction procedures for the
visible and infra-red wavelengths arc detailed below:

2.1 Visible wavelengths

The radiance received by the satellite contains contributions
from atmospheric scattering, reflection from the sea surface and
upwelled radiance from below the sea surface (Figure 1). The
upwelling radiance from the water which reaches the top of the
atmosphere comprises only a small portion of the total radiance
measured at the sensor. In general, the radiance received by the
sensor Lq-(A) (A is the wavelength) may be written as (Réf. 33):

L7(A) = LA(A) + T(A)[LW(A) + LR(A)] (I)

fi jf
[I Y/ AEROSOLS

Upwelling radiance + reflection ''£?
vatmos scattering i ^, <r Scattering/

-V1^S // absorptionf /
/y ^

Upwelling radiance fntflL \ / reflection/
+ reflection ^ ̂  .[V? > \/ / / T**T°^°n

Upwelling radiance
scanermg/ / / » \
absorption X//

••'•$*•'• /
PHYTOPLANKTON
YElLOWSUBSTANCE
SEDIMENT

Figure 1 - Schematic description of the radiation processes
which take place in a combined atmosphere-ocean system (from
Réf. 10). Radiation received by the satellite comprises of the
upwelling radiance (from the ocean), reflection from the sea
surface and atmospheric scattering.

where, LA(A) is the radiance due to photons scattered into the
sensor by the atmosphere; T(A) is the beam transmittance of the
atmosphere; L\y(A) is the radiance due to photons which were
backscattered out of the watet (the upwelling radiance); and,
L^(A) is the radiance due to reflection from the sea surface.

All of the information relating to the concentration of oceanic
constituents is contained in LW(A). In particular, this is
strongly influenced by concentrations of phytoplanklon
(chlorophyll), inorganic suspended material and dissolved
organic material (gelbstoffe) or alternatively by the clarity of the
water. Hence, by isolating Lyy(A) it would be possible to
estimate the concentration of various substances in the near-
surface waters. In relatively clear waters LwOO would be
proportional to the amount of suspended material contained in
the surface layers to which the various wavelengths penetrate
(normally assumed to be the depth of Secchi disc
disappearance). When the water column is exceptionally clear,
the shorter wavelengths could penetrate to the sea bed and the
upwelling radiance will contain a contribution from the sea bed.
Algorithms are available to estimate L^(A), LR(A) and T(A) in
terms of the albedo, optical thickness of the atmosphere, sun
irradiance, Fresncl reflectivity of water, satellite and sun zenith
and azimuth angles. The principles involved in this procedure
are outlined by Kirk (Réf. 16) and Robinson (Réf. 33) while
Dwivedi and Narain (Réf. 12), Tassan (Rcf. 34), and Caselles
and Lopez-Garcia (Réf. 7) detail correction procedures
specifically for TM data.

A simple first order method of removing atmospheric effects is
termed the 'dark-pixel' subtraction technique (Refs. 19, 29).
Here, the procedure relies on locating a dark-pixel within the
imago where it may assumed that all the radiation is absorbed by
the water column i.e. the water column is deep and does not
contain sufficient suspended material and therefore the water
leaving radiance is negligible (L\y(A) = O). Radiance measured
in each band over such areas is assumed to be due to
atmospheric effects only and is subtracted from the total
radiance received at the satellite for that band. This results in an
image which may be considered to be free of atmospheric
effects (Refs. 19, 29).

2.2 Infra-red Wavelengths

Unlike in the visible wavelengths, water absorbs almost all of
the energy in the infrared wavelengths. Although the
atmospheric effects are the same as for the visible wavelengths,
the algorithms use Planck's equation for blackbody radiation to
derive the sea surface temperature (Réf. 33). The Landsat TM
satellite band 6 (Table 1) provides radiation calibration while on
orbit by comparing scene radiance with an onboard calibrator
(Réf. 13). To convert the DBVs to absolute temperatures,
using the calibration constants of the sensor, the following set
of equations may be used (Réf. 13). The unconnected spectral
radiance, Ru is given by.

where,
R11 = K (DBV) H- P

« = 0.005632
P = 0.1238

(2)

mW Cm-2Sr-' mm'1 DBV'1

mW cm"2 Sr "' mm" 1

The uncorrected sea surface temperature is given by,

T = [K2/ In (K) /Ru)] + l °K (3)
where.

KI =60.776
K2 = 1260.56

mW cm"2 Sr- 'mm-1

0K

The sea surface temperature predicted using equations 2 and 3
may deviate by up to 3 0C from the actual values due to
atmospheric effects. However, using atmospheric models
which may require data from radiosondes, the accuracy of the
estimate could be improved to less than 1°C (Réf. 13).

v f-
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3. APPLICATIONS TO COASTAL MONITORING

3.1. Bathymetry

In clear water ureas, where solar radiation reaches the sea bed,
rectified Landsat data may be used to provide data to update
bathymétrie charts where existing surveys are inadequate (Réf.
IS). The near infra-red bands do not penetrate into the water
and may be used to define the land-sea boundary. This will
define the location of the shoreline and other features such as
islands and reefs. Each of the visible bands (Table 1} will have
a maximum penetration depth with the smaller wavelengths
penetrating deeper. Assuming thai the bottom reflectance (sea
bed type) and water clarity is uniform within the study area and
the bands penetrate to the sea bed, the depth of water (z) may be
expressed as a linear combination of logarithms of the radiances
(Refs. 11,24,36):

(4)

where L0(Aj) is the radiance in deep water or the value of a
'dark1 pixel within the image. A0 and Aj are constants to be
determined from a linear regression analysis between the
radiance recorded by the satellite and known water depths for
selected areas within the image (Réf. 36).

Where, the bottom type varies within an image an equation with
more constants may be used (Ref 11) :

(5)

Here, the constants A|, A2 and A3 depend on the optical
properties of the atmosphere and the ocean at the time of the
satellite overpass and could be obtained by calibrating the
DBVs of each band against points of known depth (Ref 11). In
equation 5, AI represents the sum of the contributions from
atmospheric scattering and reflection from the sea surface, i.e.
from LA(A) and LR(A) (equation 1). A2 reflect sea bed type
(high/low reflectance), solar irradiance, transmittance of the
atmosphere (T(A), equation I) and reduction of the radiance at
the sensor due to refraction at the sea surface. A3 is dependent
upon the clarity of the water (Ref 11).

Equations 4 and 5 ha-.e been applied successfully to obtain
bathymétrie information from several areas of the Red Sea
(Refs. 5, 15), Abu Dhabi (Ref. 11), Malaysia (Ref. 14) and off
the island of Vlieland, off the coast of Holland (Ref 36).

3.2. Suspended sediment transport

An understanding of the concentration of suspended material
often represents an essential element within the project designs
and subsequent evaluations of potential environmental effects
associated with a wide variety of activities in coastal areas and
estuaries. Landsal MSS and TM imagery have been used by
various investigators to investigate the suspended sediment
dynamics in riverine, lacustrine, estuarine and coastal
environments. For example, Landsal MSS data has been used
to determine the concentration and transport of suspended
sediment in the Bay of Fundy, eastern Canada (Refs. 1,35), She
Bristol Channel, UK (Refs. 8,9, 30); Moon Lake, Mississippi,
US (Refs. 31, 32) and Green Bay, Wisconsin, US (Refs. 18,
19). Most of these studies have been successful in developing
algorithms to estimate suspended sediment concentration using
the satellite received radiances in the visible bands.

Field and laboratory studies comparing suspended sediment
concentrations (SSC) to the radiance received at the sensor have
shown that low concentrations are highly correlated with the
blue end of the spectrum whilst there is a shift toward the red
end of the spectrum as the concentration increases (Refs. 9, 35).
Therefore, majority of the algorithms developed for determining
SSC use the visible wavelengths (Table I) or wavelength ratios.
For example, Lathrop et al. (Ref. 19) found that using the dark
pixel subtraction method to remove atmospheric effects (see
section 2) from data obtained on different days from Landsat
TM, the logarithm of SSC is given by:

Log SSC = 0.34 + 1.96 (TM3/TMI )

where, TMl and TM3 are the atmospherically corrected
radiances recor Jed on bands 1 and 3 on Landsat TM.

3.3. Chlorophyll concentrations

Chlorophyll concentration in a water body is a measure of the
phytoplankton biomass and is an indication of the primary
productivity. Elevated chlorophyll concentrations, associated
with algal blooms, most often result from high levels of water
borne nutrients (input mainly from sewage outfalls) and result in
the degradation of the water quality and thereby endangering the
ecosystem. For the management of these systems, routine
monitoring of chlorophyll concentrations are required. The use
of remotely sensed data provides a cost-effective alternative to
the conventional methods.

Landsat imagery has been used to predict chlorophyll
concentrations in estuaries and coastal water with a high degree
of accuracy (Refs. 2, 17, 20, 23, 34). Most of these
investigators have developed multi-date algorithms by removing
atmospheric effects (see Section 2) from the DBVs to predict
the chlorophyll concentration.

For example, Pattiaratchi et al. (Ref. 29) have shown that in
Cockburn Sound, located to the south of Fremantle
(southwestern coast of Australia) the concentration of
chlorophyll in the surface waters (in ug/1) is given by

C = 0.302 - 0.1 TMl + 0.234 TM3 (7)

where TMl and TM3 are the DBVs of Landsat TM bands 2 and
3 after the removal of the atmospheric effects (section 2). A
comparison between measured chlorophyll concentrations and
those predicted using equation 7 is shown on Figure 2.

U

1I 1 - *••».

Ima;
sate

(6)

Measured Chlorophyll Cone.

Figure 2 - Comparison between observed and predicted
(using atmospherically corrected radiances and equation 7)
chlorophyll concentrations in the surface waters of Cockburn
Sound, Western Australia.

3.4 Sea Surface Temperature (SST):

igcs of sea surface temperature (SST), derived from thermal
illite sensors are currently being used to study the dynamics

of oceanic current systems. Identification of upwelling areas
i.e. where influx of nutrient-rich waters from deeper water to
the surface sustain high levels of primary productivity, are
important for the fishing industry (Ref. 21). In near-coastal
waters, changes in SST may be due to river discharges and
cooling water discharges from power stations. For example,
the Mississippi river water is colder than the receiving waters of
the Gulf of Mexico and may be identified from thermal infra-red
imagery (Ref. 25).

The application of Landsat TM thermal band 6 data to derive
SST distributions in the vicinity of the cooling water discharge
from a thermal power plant (Diablo Canyon Power station,
California) has been demonstrated by Gibbons et al. (Réf. 13).
Atmospherically corrected (using radiosonde data) SST
estimates (equations 2 and 1) provided absolute temperatures
accurate to within ± 0.5 °C. The thermal plume could be
identified up to a distance of 5 km from the discharge point
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representing a decrease in temperature from 19.90C to 13.0 "C.

3.5 Surface Water circulation:

Suspended material in the surface waters may he used as a
passive tracer to obtain synoptic patterns of coastal circulation at
the time of the satellite overpass. By relating these circulation
patterns to local wind and tide information and obtaining images
under different conditions it will be possible to determine a
general circulation pattern for the area under investigation.
Considerable success has been achieved by various
investigators Io obtain information on coastal circulation patterns
and, in particular, flows patterns around headlands (Refs. 9,
22, 27, 28). This technique could also be used to verify
numerical circulation model output (Réf. 3).

The interaction between currents and surface and sub-surface
topographic features such as reef systems, islands and
headlands generate complex three-dimensional secondary flows
which significantly influence the distribution of biological
material such as larvae and plankton in the water column and
also the near-bed sediment distribution (Réf. 26). Laboratory
experiments have shown that a two-dimensional flow around a
plate may be parameterised by the Reynolds number and the
wake structures observed at different Reynolds numbers are
well documented (Rcf 4). In shallow coastal waters similar
recirculation patterns have been observed in the lee of islands
(Ref.37). Although these island wakes resemble those in the lee
of obstacles in laboratory experiments at low values of
Reynolds number (-30), the dynamics in the field and the
laboratory are different, and the Reynolds number analogy does
no; hold. Using field data, Wolanski et al. (Réf. 37) have
shown that the wake structure observed in shallow coastal
waters is controlled by an island wake parameter P, where

(8)KZL

where, H is the water depth; U and L are characteristic velocity
and length scales, respectively; Kz is the vertical diffusion
coefficient. Pattiaratchi et al. (Réf. 30), from analysis of island
wakes and headland eddies identified from Landsat images,
have shown that there is a good comparison between the
observed wakes and those predicted using the island wake
parameter (P). As a further example of the applicability of the
island wake parameter to describe the nature of wakes. Figure 3
shows a Landsat TM image of the Admiralty Gulf, northeastern
Australia (14° 1O1S, 125° 45'E). Here, the lidal range is up to
6 m at spring tides, which results in maximum surface currents
of 1.5 ms'1. In the images, suspended sediment in the surface
waters has been used as a passive tracer to identify the wakes.
Landsat TM image of Admiralty Gulf (northern Australia)
obtained on 21/9/86 during the flood phase of the tide. The
current direction is from north to south (from top to bottom on
image). The P values for each of the wakes have been shown to
agree with the predictions (Réf. 26).

Identification of surface circulation patterns in coastal areas arc
important in the siting of ocean outfalls and dredged spoil
grounds. For example, the potential effluent pathways may be
obtained by analysing a series of images obtained at different
tidal states (Réf. 22). Landsat data may also be used for
routine monitoring of coastal discharges.

3.6 River discharges

Fluvial sediment supply to the coast plays an important role in
the coastal sediment budget and rivers are also an important
pathway in which land-based pollutants reach the marine
environment. Hence, the pathways of water and sediment
discharged through rivers into coastal areas are important.
Further, in a global sense, many ports are located at or near
river mouths and the transport paths of the fluvial sediment
supply is important for siltation studies of the port entrances and
navigation channels. Sediment laden river waters are
characterised by high reflectance (sections 2 and 3.2) and
contrasts with the low reflecting, clearer oceanic receiving
waters. Hence, remote sensing is an ideal tool from which such
systems may be studied (Rcf. 6).

1

Figure 3 - Landsat TM image of Admiralty Gulf (northern
Australia) obtained on 21/9/86 during the flood phase of the
tide. The current direction is from north to south (from top Io
bottom on image). Suspended sediment in the surface waters
may be used as a passive sensor to observe complex flow
patterns in the lee of islands and headlands.

4. CONCLUSIONS

Since the launch of the first Landsat satellite 20 years ago
considerable progress has been made in the use of this data for
coastal monitoring. Initially, the data was used simply as an
observation tool to understand dynamic processes in the coastal
waters. Recently, with the increased spatial and spectral
resolution of the Thematic Mapper, it is now possible to recover
quantitative estimates of various parameters: depth of water;
suspended sediment and chlorophyll concentration, water clarity
and sea surface temperature with a high degree of accuracy.
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ABSTRACT

The year of 1992 was selected to be celebrated as "The
International Space Year - ISY - Mission to Planet
Earth". For this, several space agencies and
organizations have established joint programs or
projects in order to present results by 1992. That is the
case of the World Forest Watch, which is a joint project
between the National Institute of Space Research of
Brazil - INPE and the Joint Research Center of the CEC
- Europe, JRC. The main objective of the project is to
obtain both global and regional remote sensing satellite
data in order to cover most part of the Tropical Forest
Belt and some isolate temperate forest areas. The global
forest coverage is currently being done by JRC of CEC
at ISPRA, Italy, using NOAA-AVHRR data at 1 km
resolution. Embedded in the 1 km global coverage,
regional high resolution data sets (e.g. LANDSAT) will
be acquired for deforestation quantification. The
regional projects are to be developed at 1:250,000 scale
and will consist of wall to wall data sets. One example
of this is the Pan-Amazonia project which will cover the
entire Amazonian forest for all countries. Examples and
preliminary results on the Pan-Amazonia deforestation
project will be presented.

The World Forest Watch - Global Forest Monitoring is
an ISY-1992 project coordinated by National Space
Research Institute of Brazil (INPE) and the Joint
Research Center (JRC) of CEC.

The ISY - WORLD FOREST WATCH - Global Forest
Monitoring Project was formerly known as "Rate of
Deforestation Project" and is an initiative component the
Panel of Earth Science and Technology, Space Data for
Global Change Working Group of the SAFISY.

The WORLD FOREST WATCH is an international
cooperation effort, and a contribution of world space
agencies and research organizations to the International
Space Year 1992. This international effort envisages to
enhance the knowledgement on the world forest cover
extent and change based on data yielded from earth
observation satellites. To accomplish this a group of
space and research organizations have jointly
established a Global Forest Monitoring Project in order
to study forest cover both in a (1) global (i.e.
NOAA-AVHRR) as well as in a (2) regional (i.e.
LANDSAT, SPOT) fashion. Final results of this
international initiative will be presented between May
27th and 29th, 1992 during the ISY - World Forest
Watch Conference, in Sào José dos Campos, Brazil.

!.INTRODUCTION
2. GLOBAL TROPICAL FOREST MONITORING

(NOAA-AVHRR)

The ISY-1992 activities are coordinated by the SAFISY
- Space Agency Forum for the International Space Year,
which includes already 28 members: Argentina,
Australia, Austria, Belgium, Brazil, Canada, China,
Denmark, Europe, Finland, Germany, France, India,
Italy, Japan, Netherlands, Norway, Pakistan, Sweden,
Thailand, United Kingdom, United States and affiliate
members: COSPAR, EC, IAF, ICSU, IMARSAT,
UN-OSAD, UN-FAO, UN-WMO.

It is now well recognized that satellite data are a prime
source of information on the state of the world tropical
forests. A full coverage of the tropics by appropriate
observation techniques has, however, yet to be obtained
in a systematic fashion. The present project is a
conceited action to fill this gap.

Currently the only practical approach to a "global
coverage" is from the AVHRR instrumention on board
of the NOAA satellite. Despite limitations related Io

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich. Germany, 30 March-4 April 1992
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ground resolution, this has shown a clear capability to
systematically and comprehensively cover the earth's
surface. Recent research has also shown that the
multispectral data provided by the AVHRR can be
interpreted in terms of vegetation cover and changes
therein. The methodology to do so has been especially
demonstrated for the moist tropical forest.

The proposal is a first step toward the production of a
comprehensive AVHRR data set (1 km LAC and
HRPT) for the year 89-90. The objective will be to
produce a "wall to wall" forest/non-forest base map of
the tropical belt. The projects will concentrate first upon
the moist tropical forest Methodological developments
are still needs to address the problems of seasonal forest
mapping. The result of this effort will constitute a
primary data set for applying a continuous forest
monitoring strategy.

The methodology includes the analyses of the AVHRR
data and the verification of such analyses using higher
resolution satellite data. While it is clear that some
countries of the tropics have already conducted more
detailed forest iunventories than the one possible from
the 1 km AVHRR data, it is important nevertheless to
carry out a global analyses in a uniform comprehensive
manner. Data from those countries which have more
detailed surveys can be used for further validation of the
coarse resolution analysis.

3. REGIONAL TROPICAL FOREST
MONITORING

The regional projects envisages wall to wall forest
mapping using high resolution remote sensing data (i.e.
Landsat, SPOT) at scale of 1:250,000.

Regional projects will provide both information on the
forest cover and forest cover change. Regional projects
will be done on a country by country bases or may be
grouped by region (e.g. Pan-Amazonia).

3.1. PAN-AMAZONIA PROJECT

This is an international collaboration to study the
deforestation in the Amazonia for the period 1991 and
will involve different organizations from the region.

The project will build upon and tie together on-going
national-level activities in Brazil at INPE in cooperation
with other South America organizations (Peru: ONERN;
Colombia: IGAC; Ecuador: CLIRSEN; etc.) and with
cooperative assistance from U.S.A. (NASA) and Europe
(ESA, CNES). The final goal is to develop the bases for

an operational satellite-based program of monitoring
deforestation in the Amazonia region.

The proposed projects has two efforts which together
demonstrates the utility of remote sensing and
geographic information systems (GIS) for monitoring
forest cover change in the Amazonia:

The first part is the development of a high resolution
assessment of forest altered areas in the Amazonia using
LANDSAT.

The second and is focused on the incorporation of all
avaiable results in a Geographic Information Systems
(GIS) for further analysis and integration with additional
avaiable information.

The Pan Amazonia project being with a basic and
necessary inventory of deforestation. This part of the
project draws on the well developed expertise of INPE
PRODES project and NASA projects, and would be
carried out in close collaboration with national and other
South American organization/activities: IGAC
(Colombia), ONERN (Peru), CLIRSEN (Ecuador),
CUMAT (Bolivia), SAGECAN (Venezuela).

Upon this initial baseline inventory, it builds a
monitoring effort to quantify forest cover and the rate of
deforestation and maintain an active digital database
within a geographic information system.

This database could also integrate deforestation data
with base map information and other information for
state-level planning and policy programs in the
Amazonia. Also, the inventory and monitoring efforts
form a foundation for additional researches (i.e. global
change science activity centered on modelling trace gas
fluxes due to land cover change).

INPE is also ready to receive the ERS-I SAR data at the
Cuiaba Ground Station. At a later stage, the SAR data
that can be integrated in the Pan Amazonia project. This
activity is detailed in another project.

APPROACH: Visual interpretation of Landsat Thematic
Mapper channel S (1.55-1.75) imagery at 1:250,000
scale for forest/non-forest will be perfumed and
subsequently digitized into a GIS. Also analysis of color
composite images (e.g. 3, 4, S) will be accomplished,
and may be done for 1985 and 1991.

INPE and NASA are the leading agencies. INPE and
NASA will provide satellite data to selected groups for
the Pan Amazonia countries.

4. OTHER ISY-WFW INITIATIVES

There are other initiatives and contributions to the
World Forest Watch which will be presented culminate
in the May Conference in Sao José dos Campos, SP -
Brazil among them are:

^ \
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4.1. FINISH ISY INITIATIVE

The Finish Forest Initiative - inventory of land use and
tree stand, based on Landsat images and covering the
whole Finland.

4.2. SWEDISH ISY INITIATIVE

The Swedish ISY initiative - include:

assessment of woody biomass and deforestation in
Sudan

Tropical forest monitoring with high resolution
satellite data sampling technique in Thailand;

Forest Mapping of The Phillipines-digital
computation of forest areas for GIS;

National (Sweden) projects include:

- Forest Stand Delineation and Change
Detection

- Regional Mapping and Forest Damage

- Swedish Forest Information

- Forest Management with Visual Interpretation

4.3. NOAA - INITIATIVE

NOAA is developing a new fire product which shows
the global fire distribution. NOAA is preparing a
presentation for the World Forest Watch Conference.

5. THE WORLD FOREST WATCH
CONFERENCE

this will include recent results on global
(NOAA-AVHRR - 1 km) for Africa, Asia, South
America and regional forest monitoring projects for the
whole Amazonia (Pan-Amazonia), Mata Atlantica
(Coastal Brazilian Forest), South East Asia and
Temperate Forests. Emphasis also will be given on data
aspects (availability and policy), and on recomendations
to the SAFISY and the UNCED '92 (United Nations
Conference on Environment and Development 1992).
The UNCED '92 will be held in Rio de Janeiro in the
week after the ISY-WFW.

The training on assessment and mapping of
deforestation will occur in the week immediately after
the the ISY-WFW Conference. This training course is
designed for managers cf forest monitoring projects.
The training is an opportunity for sharing national
experiences.

6. CONCLUSIONS AND ANTECIPATION OF
RESULTS

The World Forest Watch Project has consisted to
promote on going projects or new initiatives with the
common objective to establish a global system
information test. This led to a wordwide evaluation of
existing data bases and satellite monitoring system, as
well as the discussions of forest monitoring
methodologies and the state of status of satellite based
forest monitoring. The NOAA-AVHRR 1 km coverage
is being evaluated in a global basis and methodology for
this type of survey is being proposed. To the Joint
Research Center was reserved this task.

INPE have just finished its part in the evaluation of the
whole Brazilian Amazonia which amounts for about
sixty per cent of the entire area of the coverage of the
Pan-Amazonia project. The deforestation measured by
INPE using LANDSAT imagery points to 11100 sq. km
deforested in 1991, this adds up to 426351 sq. km for the
entire deforestation history of the Amazonia (Source:
INPE, 1992).

All of the results of the ISY - WFW project will be
presented during the ISY - World Forest Watch
Conference which will be divided in three parts: A -
Technical Session; B - Technical Exhibition and C -
Training on Assessment and Mapping of Deforestation.

The technical sessions will group three type of
presentations: 1 - Overviews and discussions on the slate
of world major forest, the role and contribution of
remote sensing for global change phenomena and the
role of space agencies, research and application
organizations on forest monitoring; 2 - Forest
monitoring products and methodological aspect of
change detection and fire products; 3 - Recent Results -
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ABSTRACT

After the opening of the German/
Czechoslovakian border, the government of
the.Czech Republic used the chance to
declare the National Park of Sumava
(Bohemian Forest), bordered to the Natio-
nal Park of Bavarian Forest. Tasks of
landscape assessment in the region can be
remarkably facilitated by methods of
satellite remote sensing.

The ability of Landsat TM evaluation could
be demonstrated for the assessment of
forest structure. In a subarea of 30 km by
30 km, covering the National Park of
Bavarian Forest, a forest type
classification and dead wood mapping was
performed combining TM data and ancillary
data.

In an other subarea, Landsat TM data of
1985, 1987 and 1989 were used in landscape
change detection (appearance of coniferous
forest parts ) and also in studies for
change explanation.

Keywords: Landsat TM, national park,
forest classification, dead wood mapping,
landscape assessment, change detection

1. INTRODUCTION AND OBJECTIVES

The interior Bavarian Forest and the
adjacent Bohemian Forest (Sumava)
represent the largest coherent woodland
area in Middle Europe covering an area of
about 2500 km''. This highland region, also
designated as the "green roof" of Europe,
forms the bordering mountain range between
Bavaria and Bohemia and is only sparsely
populated because of unfavourable climatic
and soil conditions. As result of the
second world war, the border ridge became
also the "Iron Curtain" between the We-
stern and the Eastern world. This situa-
tion was changed not before 1990 by the
opening of the border.

The Bavarian Forest and the Sumava became
an area of retreat for many threatened
species of animals and plants because of
the relatively small human influence on
this woodland. Already in the sixtees
large areas of landscape reservats were
created, together about 230 km2 on both
sides of the border ridge. In the year
1970 the areas around the mountain massi-
ves of Rachel (1450 m) and Lusen (1373 m)
were declared as the first national park
in Germany, covering an area of 13 000 ha.
In March 1991 the National Park of Sumava
was founded on the Czech side, both natio-
nal parks form a coherent réservât of
together 81 000 ha.

The national parks are mostly wooded.
There are, nevertheless, remarkable
differences in the forest types. On the
one hand, this is a consequence of
different stand conditions as exposition,
inclination and altitude, on the other
hand it is caused by the way and intensity
of timber management. Thus on the Bavarian
side mixed coniferous/deciduous forests
are to be find more frequently than on the
Bohemian side, and several effects of the
realization of nature preservation ideas
can be noticed, as to leave large woodland
areas within their natural development.

Dying trees or group of trees remain as
standing dead wood, timber thrown by
storms remains without handling. Natural
processes of decomposition lead to a
complete recycling of dead wood and help
to erect a new forest generation.

The scientific observation of natural
development is one of the main tasks of
national parks. Remote sensing is a
suitable instrument for the analysis of
the state and for the monitoring of the
dynamics in larger forest areas.

By the example of the Bavarian Forest Na-
tional Park and its surroundings there
could be demonstrated an assessment of the
forest structure using Landsat TM data and
special interpretation methods. The
assessment was to deliver a suitable base
for the estimation of large-area
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developments in scales of the order of
1 : 50 000, perhaps 1 : 25 000, and to
check the potential for giving an
additional planning assistance.

The Institute of Landscape Ecology in
Ceske Budejovice is specially interested
in the dynamics of landscape of the Sumava
Mountains. In a subarea of both national
parks first studies were performed to
detect landscape changes by Landsat data.

Both investigations described below are to
point out the abilities of remote sensing
to assess structure as well as dynamics
uniformly in a large natural region
without having to regard the political
borders.

2. ASSESSMENT OF FOREST STRUCTURE:
CLASSIFICATION AND DEAD WOOD
MAPPING IN THE NATIONAL PARK OF
BAVARIAN FOREST

2.1 Special purposes of the study;

In the National Park of Bavarian Forest,
the assessment of forest structure is
heavily influenced by the high degree of
natural development in the forest. Also in
the past, before the national park
declaration, there has never been any in-
tensive timber production in this area.
Thus the tree species composition reflects
specific topographic and climatic
conditions as well as soil properties in
large parts of the national park,
resulting in a highly diversified vegeta-
tion cover and stand structure.
Mountainous spruce forest (above 1150 m),
shrub pine forest and mountainous mixed/
coniferous forest are the typical natural
stands in the national park area.

A second characteristic aspect for
inventory is given by the extended areas
of standing or lying dead wood which are
mostly not handled in consequence of
natural preservation ideas. Remaining dead
wood, e.g. after storm damages, is an
important factor in the system of natural
forest growth. The broken trees present,
on the other hand, suitable conditions for
the development of bark beetle populations
which have often spreaded out to spruce
stands still vital (Réf. 1).

The bark beetle damages are not to be
controlled, but the increasing appearance
of storm and bark beetle damages requires
a detailed knowledge about damage extensi-
on and distribution characteristics. This
was to be studied by Landsat TM imagery in
comparison to airphoto interpretation.

2.2 Combined use of satellite and
additional data :

Satellite imagery for forest inventory in
a national park required an approach
different from forest classification in
economically used forests (Refs. 2, 3).
Signature analysis showed an overlapping
of spectral characteristics of many
classes. Reasons for that were:

. Frequent change of vegetation cover on
small scales,

. influence of light and shadow effects in
mountainous terrains and

. a huge variety of ground cover of
different vitality and extent.

To take into account these various stand
conditions additional data were needed
besides the available monotemporal TM data
set (of July 5, 1988). First the soil maps
of the national park scaled 1:10 000 were
digitized and generalized into 11 soil
classes. Second a digital terrain model of
the whole investigation area was used.

2.3 Forest classification;

Training areas were recorded to serve as a
basis for the supervised forest
classification. The selection of the trai-
ning areas was performed by ground truth
assessment in connection with available
CIR aerial photographs. For classification
purposes, the supervised maximum
likelihood method was applied using bands
TM2, TM3, TM4 and TM5. To optimize the
classification result the entire investi-
gation area was stratified into six areas
and classified separately (Réf. 4).

. Illumination influences: Three illumina-
tion classes were derived from expositi-
on and inclination models computed by
the digital terrain data. The illumina-
tion classes discern northwest and
southeast slopes of more than 10° and
less extreme slopes.

. Furthermore digital terrain data were
used to delimitate the upper border of
deciduous wood. The areas above 1200 m
were separated to eliminate
classification errors between the
spectrally similar classes of 'upland
spruce stands' and 'mixed deciduous/
coniferous stands'.

. The use of additional information
derived from the digital soil map
reduced the overlap of shrub pine an
thinned coniferous stands. Namely upland
moors and highly rocky soils could be
defined as an area of 'potential shrub
pine stands'.

. The last stratum 'dead wood/areas of low
vegetation cover' demanded a more
sophisticated method described below.

Ten forest classes were discriminated, the
area statistics are shown in Tab. 1.

The classification was verified using
control areas marked out from CIR-aerial
photographs. The mean accuracy resulted in
an averaged value of about 81 %: 89 % was
the average for the four coniferous age
classes, 96 % was reached for deciduous
wood and 72 % for shrub pines.

Classification accuracies allowed an ex-
trapolation to the "Bohemian Forest" area.
As the national border dévides up a
relatively homogeneous growth area, a
considerable decrease in classification
accuracy on the part of CSFP can be
excluded when regarding the closed forest
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coniferous forest

shrub pine

mixed forest

deciduous forest

young crops

thickets

pole timber

mature timber

mixed coniferous / deciduous

mixed deciduous / coniferous

clearings / low vegetation cover / rocks

dead wood

1.3 %

1.5 %

4.8 %

38.5 %

0.3 %

25.5 %

13.6 %

8.0 %

4.2 %

2.3 %

Tab. 1: Percentage of forest classes in
the area of the National Park of Bavarian
Forest.

areas. Other areas on the Bohemian part
are not well represented: Various types of
wetlands, partly having a low forest
cover, require extra training areas; this
is also the fact for several types of
clearings and areas of bark beetle
damages. By these additional training
areas the classification result can be
optimized.

2.4 Dead wood mapping;

As the grey-value distribution of the
training areas for dead wood showed high
variances in every band, it was impossible
to apply a supervised classification for
dead wood assessment. Dead wood areas are
small, and other factors like type and
extension of ground cover and still vital
trees, also soil moisture and shadow
effects influence the spectral signal of a
'dead wood pixel'. For that reason dead
wood assessment was done by applying a
threshold method using two band
combinations: The grey value difference
between band 4 and band 5 on the one hand,
and the second principal component on the
other hand, both implying information on
vegetation cover and vegetation
conditions. For the differentation into
- areas of mainly lying dead wood,
- areas of mainly standing dead wood
the bands 3 and 4 were included. Depending
on the area characteristics an accuracy of
70 % to 80 % was reached for dead wood
mapping.

To get a better understanding of the dis-
tribution patterns of dead wood it was
very interesting to take into account the
soil conditions. In an overlay of dead
wood areas onto wet soils out of the
digitized soil map, the correlation was
obvious. Dead wood appears primarily on
wet sites. Area statistics proved this
visually recognizable fact: A large part
(37 %) of dead wood is situated on wet
soils which cover 23 % of the area (the
results of this investigation are
presented in color prints in (Réf. 5)
within a contribution to the 'ISY Remote
Sensing Forest Atlas of Europe', an 'In-
ternational Space Year' initiative in
which examples of typical forest

situations were collected by remote
sensing assessment in Europe).

3. ASSESSMENT OF LANDSCAPE DYNAMICS:
CHANGE DETECTION IN THE SUMAVA
MOUNTAINS

In the Remote Sensing and Geoinformatics
Laboratory of the Institute of Landscape
Ecology, Ceske Budejovice, CSFR, a new
research program was launched in 1991. The
objective of this program is to study and
apply the information potential of remote
censing data for detection, explanation,
trend estimation and environmental impact
assessment of changes of the landscape.

One of the projects included is aimed at
using Landsat TM data in detection and
evaluation of forest change. In terms of
this project, the territory of the
Bavarian Forest and the Bohemian Forest
(the Sumava Mts.) is going to be studied
as a reference area in which there is the
least change of forest cover both
registered and expected in comparison with
other areas under investigation, the Giant
Mts. (the Krkonose = the Riesengebirge)
and the Ore Mts. (the Krusne hory = the
Erzgebirge) (Réf. 6). The objectives set
are to improve techniques for detection of
a change vector and intensity within short
periods, and to analyse the correlation
between the detected distribution,
intensity and type of forest change and
expected site factors of such a change
(change parameters) such as landscape
relief, soil cover, and hydrological
conditions.

Using Landsat TM data of 25-Oct-85,
ll-Jul-87, and 18-Sep-89 (quater scene
192/26-2), and digital processing systems
of a Compaq 386/25 microcomputer and
EASI/PACE software by the PCI Inc.,
Canada, there has been carried out an
introductory detection of forest area
change within the respective period of
observation. The method used was based on
the false color composite of contrast-
streched TM5 bands of all those data sets.
Considering the forest occurence
combination 1985-1987-1989 to look for
(i.e.: YYY, YYN, and YNN, Y = remaining
forest spot, N = disappeared forest spot),
as well as the nature of TM5 data
correlated with forest/non-forest objects,
there had been used the following color
representation: TM5/85 = green, TM5/8V =
blue, and TM5/89 = red. In the output
achieved the forest areas are shown in
greyish-green colors, 1985 - 1987 forest
disappearance in magenta, and 1987 - 1989
disappearance in red color. (For
publication purposes the result had to be
transferred into a black & white form
using the forest disappearance classes by
maximum likelihood classification derived
from the respective false color composite,
and the forest area mask of ll-Jul-87, see
Fig. 1).

The result demonstrates that there are
only few areas with significant agglomera-
tion of deforested spots between 1985 and
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Fig.l: Change detection in the border region of Bavarian Forest
/ Sumava (CSFR): Enlargement of the clearing areas between 1985
and 1987 (coded in grey level 3) and between 1987 and 1989 (grey
level 4). Nonforest areas are shown in white (grey level 1),
remaining forest areas in bright grey (grey level 2).

1989. The central spots between the mount
of Lusen (FRG) and the village of Horni
Vltavice (CSFR) correspond with clearcuts
induced by bark beetle (Ips typographus
L.) damage in middle and late 1980s. The
eastern one along the mount of Stozec
(CSFR) reflects the wind-storm calamity of
1988 and 1989. The north- western agglome-
ration of 1985 - 1987 forest disappearance
has been found in the military training
area which was used by the CS Army up to
1991.

Due to the very limited opportunity to
carry on any territorial monitoring within
the Sumava for last four decades, even the
presented preliminary result itself is a
new information. The next steps of the
project should improve this result using
supervised multitemporal classification
(the test classification has indicated
several sub-classes within the deforested
spots detected). On the base of a
comparison of the spectral signatures of
such classes there will be made an attempt
to use the indicated 1985-differences
between the forest spots affected by
inequal fate during the following four
years to improve the selection of field
plots for the purposes of the research

program mentioned above. Thus the time
series of Landsat TM data are going to be
further investigated for both change
detection techniques and change explanati-

4. CONCLUSIONS AND OUTLOOK

The forest classification enabled a
large-area overview on the actual forest
cover of the National Park of Bavarian
Forest and its surroundings, especially
when combined with topographical maps and
the interpretation of color composites of
original TM data. The study demonstrated
the capability of TM data for giving an
additional planning assistance in managing
purposes dealing with the bilateral Natio-
nal Park.

Encouraged by the results, DLR is going to
propose to the CEC a cooperative project
for landscape assessment in both national
park regions using remote sensing methods,
in close cooperation with the administra-
tion offices of both national parks and
with three Czech institutes, including the
ILE in Ceske-Budejovice. A main objective
is the determination of potential and real
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retreat areas of threatened species of
animals and plants in the border region
along the former "Iron Curtain" which was
only partly investigated up to now. For
this purpose, the expert knowledge of
remote sensing scientists and ecologists
is going to be brought together. Besides
the classic methods of airphoto interpre-
tation and terrestric sample plots as well
as aircraft scanner investigations, the
analysis of Landsat TM data will play an
important part.

The application of Landsat data can be
presented by the creation of a
full-covering basic map of vegetation dis-
tribution, based on the supervised
classification of forest types including
dead wood areas and clearings, together
with classes of wetlands and inactive
agricultural areas. Especially for fron-
tier crossing projects satellite images
are favourable because of a unique
registration date, because of the size of
the covered area and last but not least
because of the omission of complicating
and time-consuming regulations for border
crossing.

An additional application of Landsat data
is planned within the CEC project under
preparation for purposes of landscape
dynamics assessment in the study area. The
outlined investigation for change
detection and change explanation is a
theme of a launched scientific
collaboration between DLR and the Remote
Sensing and Geoinformatics Laboratory of
ILE.

Monitoring of forest state is also the
subject of an ECE/UNEP large scale opera-
tion experiment on the use of satellite
data for forest damage assessment. This
experiment is going to coordinate and
integrate national projects especially in
the heavily affected mountain regions of
Central Europe, e.g. in the Harz
Mountains, the Ore Mountains and the
Sudety Mountains. Also the investigations

within the Bohemian Forest (Sumava) are
carried on in conjunction within this
project. A German contribution to the
assessment in the Ore Mountains is going
to be started as an ISY forest project
within the ECE initiative.
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APPLICATION OF PHOTOGRAPHIC REMOTE SENSING DATA FROM SPACE FOR
INFORMATION ABOUT FORESTS

E. PeIz1, K. Fritsche1. D. Hertel2

Technische Universitat Dresden, Institut fur Photogrammetrie
und Fernerkundung; 2TU Dresden, Institut fur Angewandte
Photophysik

Possibilities of application of photographic
satellite images for forestry purposes have
been investigated. Radiometric evaluation
of different image points or of the same
object points in different images proved
to be problematic without knowledge of the
optical and sensitometric transmission para-
meters. With a KFA-1000-image tests were
carried out in the Eastern Erzgebirge Mount-
ains and in the Tharandt Forest. The ana-
loque classification of the Eastern Erzge-
birge Mountains was much poorer because of
the extreme damages of forests. Therefore
a special classification is necessary.

Keywords: KFA-1000, sensitometric measure-
ments, vignetting, forestry information,
analoque classification

(Réf. 1).
Growing pollution over the last few years
and decades has increasingly damaged for-
ests. On a regional scale, the extent and
consequences of what are called the new
types of forest damage can no longer be
assessed by terrestrial photographic me-
thods. New planning and functional aspects
have to bs taken into account in inven-
tories and assessments of forest ecosystems
and in evaluating the possible uses of
forests. As a result, forestry in the new
federal states of Germany is faced with
new demands which call for new ways of
forestry data acquisition. The required
up-to-date information on the state of
forests is no longer assured by forest
inventories at 10 year intervals and spora-
dic air surveys for detection of forest
damage, quite apart from the fact that the
cost is immense. Using satellite data would
be the obvious solution to the problem.

1. Problem definition

Possibilities of application of photogra-
phic satellite images for forestry purposes
- in particular as a source of information
about forest ecosystems - have been investi-
gated at the Dresden Technical University
in a project funded by the German Space
Agency (DARA). In the following I would
like to give you a brief summary of the
results.
Satellite imagery was not used in GDR for-
estry, mainly on account of the plane of
investigation of these images. Practical
forestry was concerned with forest sub-
divisions and with assessments of the da-
mage sufferes by individual trees - details
about which the satellite image could not
be expected to provide information. Under
these circumstances it seemed pointless to
study data from space in the hope of extrac-
ting from them forest-specific information.
Researches were carried out, however, at
the Forestry Department and the Institute
of Photogrammetry and Remote Sensing of the
Dresden Technical University into the possi-
bility of integrating renote sensing data
from space into a forestry information sys-
tem as part of a multiphase inventory

2. Radiometric evaluation of photographic
images _

Photographic images can be evaluated by
geometric and radiometric criteria. While
geometric evaluation relies above all on
resolution, radiometric evaluation requires
knowledge of the interrelationship between
the density values of the image and the
spectral distribution of remission of the
real image, i.e. the surface of the earth.
Transmission depends on atmospheric and
camera-specific influences, on the trans-
mission parameters of the copying process
and the sensitometric characteristics of
the photographic and copying material.
The parameters of photographic and copying
processes are represented by their optical
transmission functions and by the sensito-
metric curves of the photographic and
copying material. Exact knowledge of these
parameters is essential for analysis of
forest damage, which relies on determina-
tion of the spatial and time differences
of remission (for example, between healthy
and damaged stands). One influence of opti-
cal transmission of the photographic and
copying processes - which affect* in
particular radiometric evaluation - is a
spectral transparency of the lenses depen-
dent on the axis angle of the light beans.
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This results in changes in the colour
balance and in the mean density of the
!•age from the centre towards the edges
(colour displacement and vignetting). To
ensure comparability of the spectral of
two image points in the same image
(spatial monitoring) or of the same object
points in different images (time moni-
toring), the influences of colour displa-
cement and vignetting have to be smaller
than the density differences caused by the
remission differences to be detected.
A» a rule only copies of photographs are
available for evaluation. The overall
magnitude of the influences of colour dis-
placement and vignetting was to be deter-
mined by comparative densitometric mea-
surements of different images in order to
define the limits of radiometric evalua-
tion and to formulate requirements con-
cerning standardization of aerial photo-
graphs and satellite images.
The following procedure was adopted:
Colour densitometric measurements were
carried out on several photographic satel-
lite images, with separate measurements
for the 3 image colours yellow, magenta
and cyan. The measuring area diameter was
3 mm2 with a regular raster interval of
5 mm. Since the influences of colour dis-
placement and vignetting affect in parti-
cular the lower spatial frequency range,
the image sections in the directions X
and Y were subjected to fivefold low-pass
filtering.
Radiometric evaluation of different image
points or of the same object points in
different image proved to be problematic
without knowledge of the optical and
sensitometric transmission parameters. In
the absence of such knowledge, the follo-
wing requirements have to be fulfilled for
comparability of object points:
- They have to be at a spatial distance

from each other within which the trans-
mission characteristics of the chain
Exposure camera - Photographic material
- Copying device - Copying material do
not significantly change. The smaller
the remission differences that are to
be detected, the smaller is therefore
the radius of the area which can be
evaluated under equal conditions. It
has been found that only the central
section of the image of about 20 % is
capable of being evaluated.

- Furthermore, object points are only
comparable if the different images are
photographed from the same position.

It is possible to specify the distances
by which the taking positions may vary for
purposes of radipmetric evaluation under
equal conditions.
The radiometric evalution carried out by
us allows the following conclusions:
- At present QUANTITATIVE conclusions are
only possible for image sections with
equal vignetting.

- In order to overcome this handicap, the
photographic and copying processes have
to be STANDARDIZED. This means that
certain defined eensitometric parameters
(characteristic curve) have to be adhered
to for correction of the influences of
the photographic and copying processes
as well as for correction of the in-
fluences of the lens system.

- A partial correction of scanned photo-
graphic images by means of FILTER
FUNCTIONS is possible if the influences
of the lens system are known.

- The REQUIREMENTS OF THE USERS of photo-
graphic data have to be formulated and
taken into account. This is an urgent
necessity.

The inhomogeneity and discontinuity of
radiometric transmission of the primary
information to the film material has been
repeatedly pointed out, among others by
SCHNEIDER (Réf. 2). Despite all efforts,
it has not yet been possible to really
eliminate the faulty representation of
radiometric and spectral information.

3. Analoque evaluation of photographic
data for forestry purposes

After testing various materials, work at
the Institute concentrated on analogue of
photographic images produced by the Soviet
camera KFA-IOOO and a comparison of the
classification results with LANDSAT-TM
data obtained for the same region. These
are the essential data of the photo-
graphic system:

System carrier

Beginning of missions
Repeat rate
Flight altitude

Focal distance
Image format
Mean image scale
Mean image area
Film type

Film resolution
Spectral ranges

Ground resolution
Imaga overlap

Nadir distance

Satellites of the
KOSMOS series (USSR)
1978
irregular
on average 270 km
(180-350 km)
1000 mm
30 x 30 cm
i : 270,000
6,400 knT
SN-IO spectrozonal
film (150 ASA)
145-160 Lp/mm
spectrozonal
570-680. 680-810 nm
panchromatic 500-
700 nm
5-10 m
Longitudinal over-
lap about 60 %
Transverse overlap
about 10 %
8°

Table is KFA-IOOO essential data

The ground resolution of the KFA-IOOO
images is very good, which justifies their
use for acquiring geometric information,
for example for structural analysis of rhe
terrain (Réf. 3,4). Other advantages of
the photographic systems are a high
stability of internal and external orien-
tation and a minimum of distortion in
satellite images. This makes it possible
to prepare and evaluate enlargements of
the original photos on scales of up to
1:50,000, for certain problems also up
to 1:25,000 (Réf. 5). Stereoscopic eva-
luation is possible owing to the over-
lapping of photos within the flight route.
The problems concerning recognition of
radiometric and spectral information have
already been pointed out.
For test purposes, analoque digital eva-
luations of the Tharandt Forest and the
Eastern Erzgebirge Mountains were carried
out. The former is relatively little
damaged, while the latter is one of the
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most severely affected forest regions in
Europe.
An important question was finding out
about the possibilities which the KFA-
1000 images offered for certain identi-
fication of individual tree types, in
spite of the aforementioned problems. The
starting point for our investigations was
provided by the fact that the forest has
typical remission values in the various
ranges of the electromagnetic spectrum,
which are further modified by various
types of damage.
Conclusions about the state of the forest
can be favourably arrived at in the infra-
red range, although KFA-IOOO images cover
only a small part of it.
An analogue classification was carried
out according to 5 features of different
colour and texture and compares with the
economic maps of the respective regions.
A classification certainty of about 75 %
was achieved for the Tharandt Forest. In
this fairly healthy forest region coni-
ferous stands could be distinguished from
deciduous plantations (in particular beech
and oak trees) with relative certainty.
Young plantations presented some diffi-
culty in this respect. This is explained
by the composition of the radiometric in-
formation obtained from these ar*.-?.
While healthy old stands present a rela-
tively closed surface, the radiometric
information from young plantations con-
tains a considerable amount of radiation
from the ground and from the undergrowth.
The microclimatic conditions influencing
the development stage of vegetation have
the same effect as very irregular terrain.
The result for the Altenberg Forest in
the Eastern Erzgebirge Mountains was much
poorer than that obtained for the Tharandt
Forest. Due to the extreme extent of the
damage, the forests in the Eastern Erz-
gebirge Mountains show a completely
different colour and textural pattern.
The treetops hardly ever present a closed
surface. Bare treetops and the visible
undergrowth change the radiometry to such
an extent that the calssification cri-
teria from the Tharandt Forest cannot be
applied here. This has lad to the con-
clusion that regional types with marked
differences in characteristics require
their own classification criteria. For
large-scale surveys at regional and
macrochoric level the satellite image can
be used as a working aid to facilitate
decision making on forest redevelopment.
The cost of the few satellite images
required for this - which have to be
taken at regular intervals - is very small
compared to the cost of an arial survey.
In a concurrent study the quality of
classification algorithms of the soft-
ware package ERDAS was investigated. The
basic LANDSAT-TM and KFA-IOOO data were
scanned with a resolution approximately
corresponding to that of the TM data so
that the advantages of higher geometric
resolution were lost. However, the results
obtained for regions such as the Tharandt
Forest - within which the radiometric
transmission characteristics can be
assumed to be homogeneous - were just as
good as the TM data. WEISSFLOG (Réf. 6)
demonstrated that KFA-IOOO data chow a
normal

distribution when scanned with different
digitizing rasters. This ensures an
adequate representation, which is essen-
tial for color value magnification of
forestry data.
Identification of scattered arena, i.e.
Small-sized woodland areaa outaide closed
forest tracts, is possible with about 70
% certainty, even from KFA-IOOO images of
poor radiometric quality. The results
depend more on contrast to the environment
than on the size of the particular area.
Detection was problematic in the case of
forest areas bordering on settlements and
transport facilities as well as in the
case of scattered woodland areaa in
regions heavily damaged by smoke, which
contrasted less with the environment.
The following conclusions are possible
concerning extraction of information
about forest ecosystems:
- Information about the state of the

forest, i.e. the amount of damage
suffered by individual forest areas,
can only be extracted in a very general
sense.

- Conclusions concerning forest sub-
divisions (type of trees, age etc.) are
only possible for areas of defined
radiometric imaging conditions (for
example, the central ranges of the image),
with reference to étalon areas.

- Areas of defined characteristics (age
group, type of tree, development stage)
can be detected with a relatively high
measure of certainty even at subdivision
level with the help of étalon in the
range of equal radiometric transmission
characteristics.

- A regional delineation of affected
areas is often possible owing to their
changed physiognomy. This is due to
proportionate representation of environ-
mental components, on the one hand, and
to the changed remission characteristics
in certain spectral ranges, on the
other. In view of their macrochoric or
regional dimension, the satellite images
are well suited for planning com-
prehensive forestry measures as well as
for forest damage monitoring.

The integration of ad iitional data and
efficient long-term operation of forestry
information systems is only possible in
the long run by incorporation of photo-
graphic data into a digital information
system. This requires correction of the
radiometric transmission differences.
Scanning in accordance with photographic
resolution produces large amounts of data
that have to be processed. A combination
of the advantages of different recording
systems (for example, geometry from
photographic images, radiometry from
digital data) is thought to provide a
favourable alternative.
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ABSTRACT

Difference imagery derived from both SPOT P and Landsat
TM satellite data from 1989 and 1991 were generated by
regression techniques. In a test with visual interpretation, all
clearfelled areas and all soil scarifications were readily
detected. About 1/3 of the cleaning cuttings and thinning
cuttings could be easily detected. However with prior
knowledge about the approximate position some 2/3 of the
cleaning and thinning cuttings could be delineated. All these
changes turned out light in the difference imagery. A problem
with difference imagery computed from regression functions
was that also bright unchanged regions became too light in the
difference imagery. Discriminant analysis of spectral mean
values for automatically computed segments was also
evaluated. Only Landsat TM data were used. The results
suggest that automatic methods can aid the visual
interpretation.

Keywords: Landsat TM, SPOT, Change detection, Forest.

1. INTRODUCTION

Different aspects of change detection of forest stands using
satellite data have been investigated in a series of studies. In
one study, the regression method for producing change imagery
was evaluated with statistical methods (Olsson, 1991). The
regression method has also been recommended in a review
article by Sing (1989). One aim with the present study is
therefore to practically test the use of change imagery produced
with the regression method. Both visual interpretation and
automatic techniques are used.

In previous studies, the spectral response from areas with
known cuttings or damages has been measured (Olsson, 1989;
199Oa; 199Ob). A second aim of the present study is therefore
to stan from the imagery and investigate what types of changes
that could be detected.

The major changes caused by the forestry activities in a typical
forest in northern Sweden are as follows. Planting of a clear
felled area is usually preceded by soil scarification. A harrow
type scarifier had been used for all areas in the study. The
young forest stand will be cleaning cut once or twice before
any commercial pulp wood is produced. One to three thinning

cunings are made in the older forest at a later stage. The final
clear felling is made at an age of around 100 years.

In earlier studies from Finland (Hâme, 1986), change detection
has been carried out by discriminant analysis of segment mean
values. It was then found that almost 100 % of the clear felled
areas could be discriminated, Other changes found were soil
scarifications, thinning cuttings and damages due to
Gremmenie/la Abietina. The most difficult change to
discriminate was thinning cuttings. In the present study a
method similar to the one used in Finland was added as a
complement to the visual interpretation.

2. MATERIALS AND METHODS

2.1 Test site

A 10 km by 20 km forest area in northern Sweden was
selected as test site. A digital forest map was obtained from the
forest company MoDo. Only forest land owned by the
company was studied. Figure 1.

E 20° 10'

»V"

t

Figure 1. The 10 km by 20 km test area used. Only forest
areas belonging to one land owner (dark in the figure) Have
been considered.
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The tesi site was covered by typical boreal coniferous forest,
dominated by Scots Pine (Pinus Silvestris), Norway Spruce
(Picea Abies) and Birch (Belula Spp.).

2.2 Satellite data

One pair of Landsat TM acquisitions and one pair of SPOT P
acquisitions were used (Table 1). All four satellite acquisitions
were geometrically precision corrected to a map projection by
SSC-Satellitbild in Kiruna.

Table 1. Satellite acquisitions used.

The regression functions used for calibrating the
SPOT P imagery was of the type:

Satellite

Landsat 5
Landsat 5

SPOTl
SPOT 2

Sensor

TM
TM

HRV 1
HRV 2

Band

1,2,3,4,5,7
5,7

P
P

Scene

193/15
192/15

57/218
58/218

Date of
acquisition

21 jun 1989
06jul 1991

14 jun 1989
Ol aug 1991

2.3 System environment

The project was carried out with an VAX/VMS system. All
image processing was done with in house developed software.
ARC-INFO was used for handling the digital map data and the
segmented regions.

2.4 Pre-processing of SPOT imagery

For the SPOT P image pair, the remaining geometric errors
due to hight parallaxes was first eliminated. A digital elevation
model was calculated by using image to image correlation
techniques. The 1991 acquisition was then resampled to the
geometry of the 1989 acquisition.

The geometry of the TM imagery was too complicated to make
a similar correction feasible.

The 1989 SPOT image also had a high noise level. This was
reduced by lowpass filtering. For calculation of the filter
kernel, three versions of the 1989 image were first produced by
convolution with the following kernels:

0 0 0
O 1 O
0 0 0

(no filtering)

0 1 O
1 O 1
O 1 O

1 O 1
0 0 0
1 O 1

A suitable filter kernel could then be calculated from the
regression coefficients obtained when the three filtered version
of the 1989 imagery was regressed against the 1991 image.

2.5 Difference imagery from regression functions

The pixel values in the early acquisition were relative
calibrated to the late acquisition by regression functions.
The regression functions were computed with an algorithm for
robust regression (command RREGRESS in Minitab version
7.2 for VAX / VMS). The robust regression used is less
sensitive to outliers than the ordinary least squares regression.

A digital forest map was used to define the population of forest
pixels. The regression functions were then computed from
forest pixels only.

Where:
Xl1,
Y,,
a, bl

Y1, = a + bl * Xl,j.

= a measured pixel value for the 1989 acquisition.
= an estimated pixel value for the 1991 acquisition.
= regression coefficients for linear regression.

For the Landsat TM data, the regression functions were of the
type:

Y1, = a + bl * Xl0 + b2 * X2,,.

Where:
Xl,,, X2,, = The first and second principal component

(covariance matrix) of the six reflective TM bands
at 1989.

Y,, = Estimated pixel values for band TM 5 or TM 7.

The difference imagery was calculated as the difference
between the measured value in the 1991 acquisitions and the
values predicted from the 1989 acquisitions. This procedure
was similar for the SPOT P and the Landsat TM data:

Where:
D1, = A pixel value in the difference image.
Y1, = The measured pixel value in the 1991 acquisition.
f, r = Coefficients for the scaling of the change image, for

display as 8 bit greyvalues, f was selected to 10 and r
to 100.

3. VISUAL INTERPRETATION

The visual interpretation was carried out as follows:

I) The change imagery was interpreted for detection of
changes. This was done together with study of the original
imagery.

II) The location of known cuttings were identified on map by
the forest company.

III) With the new knowledge of the locations an attempt to
delineate the located areas in the change imagery was made.

IV) All areas that had been interpreted as changed in step I and
all areas that had been pointed out by the forest company in
step II were inspected in field.

3.1 Interpretation procedure

High quality hardcopies of the change imagery and the satellite
imagery were produced using a Shinko CHC-S445 dye-
sublimation printer. The scales selected were 1:25 000 for
SPOT P and 1:50 000 for Landsat TM. The interpretation of
the change imagery was aided by simultaneous study of
hardcopies from both the early and me late satellite imagery.
The Landsat TM and the SPOT imagery were interpreted by
two different persons.

1
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Table 2. Proportion of changed areas identified with visual
interpretation without any prior knowledge of the changed
areas.

Cause of change

Clear felling

Soil scarification

Cleaning cutting

Thinning cutting

Total

Number
of known
objects

6

6

8

16

36

SPOT
identified
objects %

6 100

6 100

2 25

3 19

17 47

TM band 7
identified
objects %

6 100

6 100

2 25

7 44

21 58

The detected changes were mostly interpreted into the correct
change class. The exception was some mix-ups between
cleaning cuttings and thinning cuttings.

The number of areas erroneously identified as changed was
five for the SPOT daia and three for the Landsat TM data (not
tabulated). AU of these areas were very bright in the original
satellite imagery.

Thinning cuttings was the most difficult change class to detect,
especially in the SPOT P data. In Figure 2, it is shown that the
thinning cuttings detected had a high proportion of pine.
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3.3 Visual delineation of changed areas with prior knowledge

An attempt was made to delineate the areas from the change
imagery with knowledge about the approximate position of the
changed areas (Table 3). This is similar to the situation when
forest maps should be manually updated by local staff. A
subjective evaluation in field showed that approximately 4/10
of the changed areas were correctly delineated, an additional
4/10 could be delineated with some difficulties and 2/10 could
not be delineated. The changed areas that not could be
delineated were examples of thinnings or cleaning cuttings.

Table 3. Assessment of the success rate in delineation with
prior knowledge of the position of the changed areas.
A = areas that were easily delineated,
B = areas that were delineated with some difficulty,
C = areas that not could be delineated.

Reason for
change

Clear felling

Soil scarification

Cleaning cutting

Thinning cutting

Total
Percent

Number
of
known
objects

6

6
8

16

36
100%

SPOT

A B C

6

3 3
1 5 2

2 8 6

12 16 8
33 44 22

TM7

A B C

6

4 2
1 6 1

3 7 6

14 15 7
39 42 19

\\V>^
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Thinning grade

Intensive -

Medium -- C

Extensive - -

OO

O
20 40 60 80 100

Proportion pine (*)

• Detected in both SPOT P and Landsat TM 7

O Detected in Landsat TM 7

® Detected in SPOT P

O Not detected by visual interpretariomgen

Figure 2. Detection of thinning cuttings by visual interpretation
plotted against degree of thinning and proportion of pine after
thinning. Approximately 40-50% of the basal arm have been
removed in the intensive thinning cuttings and 20 % • 30 % in
the extensive thinnings.

4. DISCRIMINANT ANALYSIS OF SEGMENTS

4.1 Segmentation procedure

An automatic method for change detection was also tested. The
compartments defined by the digital forest map were
automatically divided into smaller, spectrally homogeneous,
areas. This was done by a two step method. The first step was
to segment the image into small spectrally homogeneous
regions. The algorithm used for this was directed trees
(Narendra-Goldberg, 1980). The second step was the t-ratio
region growing algorithm developed by Hagner (1990).

Data from TM band 7 1991 and a TM band 7 change image
between 1989 and 1991 was used for the segmentation. The
total number of regions defined was 1425. Of the regions were
116 considered as changed according to subjective field checks.
The mean region size was 4.5 ha and the minimum size was
1.0 ha.

4.2 Discriminant analysis

The potential for automatic detection of the changed regions
was evaluated with linear discriminant analysis. The use of
cross-validation enabled the same data set to be used both for
estimating the discriminant functions and for the evaluation of
them. The prior probabilities were set to approximately balance
the errors of omission and commission. The error matrix is
shown in Table 4.
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Table 4. Error Matrix for automatically computed image segments. The discriminant analysis is based on
trimmed segment mean values ofLandsat TM band 5 and 7 1991 and Landsat TM band 5 and 7 change
imagery between 1989 and 1991. All figures in hectare forest land.

Ground truth:
Classified as:

Clear felled areas

New roads

Soil scarification

Cleaning cutting

Thinning cutting

Unchanged forest

Correctly classified:
- into change class
- into changed or not

Clear
felled

151

5

-

-

-

_

97%
100%

New
roads

4

JJ.

4

-

-

.

72%
100%

Soil
scarif.

3

3

132

12

1

13

80%
92%

Cleaning
cutting

-

-

-

88

-

22

80%
80%

Thinning
Cutting

-

-

-

-

53

66

45%
45%

Unchanged
Forest

-

10

34

73

26

5641

98%
98%
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With the visual interpretation was 6 cleaning cuttings and and
12 thinning cuttings not discovered. Of these could 5 of the
cleaning cuttings and 4 of the thinning cuttings be detected by
the discriminant analysis based on TM 5 and TM 7. Even with
discriminant analysis based on TM band 7 data only could 3
new cleaning cuttings and 3 new thinning cuttings be detected.

5. DISCUSSION

A drawback with the use of regression functions for producing
change imagery was that bright areas in the original imagery
became too light in the change imagery. The reason for this is
probably that the theory for regression functions do require the
predicting variable to be free of errors. Errors in for example
the geometry between the imagery used will therefore give
calibration functions that underestimate light areas.

Clearfelled areas were easily detected, which is well known.
More surprisingly was that all soil scarifications also were
detected.

Only about 50 % of the known changed objects was easily
detected by visual interpretation. Thinning cuttings in spruce
forest and deciduous forest was often not detected. These types
of thinning cuttings was especially difficult to detect in the
wavelength region that corresponds to SPOT P. This is in
accordance with an earlier study (Olsson, 199Ob). It should
also be noted that thinning cuttings are difficult to interpret
even with aerial photos at small scales.

All the above changes resulted in light areas in the change
imagery. The dark areas in the change imagery might be
explained by a particular large increase of the shadows in the
stand. This correspond to the finding that fast growing young
plantations was dark in the change imagery. For the SPOT P
imagery that covers the red wavelength region, a second
explanation for the dark areas might be increased
photosynthctic activity in the period between the imagery. This
would explain why recently clear felled areas with much grass
and plantations with deciduous shrubs were dark.

Usually a changed area could be delineated with prior
knowledge about the approximate position of a forestry
treatment. Thus, the practical updating of forestry maps should
preferably be carried out by the personnel that have the field
knowledge. In such cases even small changes in the image
greyvalues can then be an aid for finding a correct delineation
of for example a thinning cutting.

From Table 4 it also can be computed that around 90 % of the
forest area is unchanged between the two years considered.
Thus classification of areas with marginal spectral changes will
naturally give mix-ups with the large class of unchanged forest.

For practical applications, forestry maps can be updated for
recently clearfelled areas without any further technical
development. For spectrally more marginal changes, change
imagery might be of some help when used by personnel with
field experience. For the production of change imagery, the
simple methods tested here can be further developed. The
comparatively good performance of the automatic method
suggests that visual interpretation of digital imagery might be
aided by automatic routines.
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ABSTRACT

Forest inventory on a site, regional and global
scale, based on remote sensing data, has become a
key item of applied forestry and applications
research. Scientific studies have been performed
and are still underway with high resolution data
which address the possibilities to establish
forest inventories, the ways to distinguish
between different forest categories (age, species,
canopy density etc.) and to monitor forest change
and damage.

Within the frame of the International Space Year
(ISY) various field studies have been performed or
are underway to either show forest phenomena on a
regional or even detailed site level (ISY Remote
Sensing Forest Atlas) and to map forests on a
Continental European scale (Remote Sensing Forest
Hap for ISY).

1. THE ESA ISY EUROPEAN FOREST HAP

1.3 Results of the feasibility study

The major purpose of a feasibility effort was to
assess the implementation of an European Remote
Sensing Forest Map.

Special emphasis has been given to NOAA-AVRR data
for means of mapping forested areas for such large
regions. Calibration of "coarse" NOAA data was
executed with LANDSAT MSS data. The study also
identified the interests and value of an European
Remote Sensing Forest Map. Such a map could be of
interest for decision-makers at continental,
national and international levels in the fields of
forestry, agriculture, climatology, tourism,
environment etc. A forest map at a scale of
approximately 1:2 Mio - 1:6 Mio would be adequate
for this purpose.

Methodologies of thematic classification and
accuracy assessment were investigated in the test
sites Spessart, Fichtelgebirge, Erzgebirge and
Male Karpaty, which give a representative profile
of the Central European forest situation.
Different types of spectral band combinations have
been tested with the aim to reduce the amount of
data for the European-wide approach. The best
results could be obtained with AVHRR bands 1-2-3.

1.1. Background

The ISY working group on "World Forest Watch"
(WFW) has addressed the need to generate a global
forest map based on remote sensing data within the
ISY activities. As a contribution of this global
aspect, ESA/ESTEC has awarded contracts for a
European Remote Sensing Forest Map to a consortium
led by GAF (D) and with subcontracts to Swedish
Space Corporation (S) and Scot Conseil (F).

1.2 Objectives

To develop and implement an ISY European forest
map which could complement similar undertakings
based on high resolution data.

The final product (hard copy and digital data set)
will serve as a reference for further
investigations of various continental and global
applications.

Discrimination of deciduous and coniferous forest
led to very satisfying results. Only forest and
non-forest classification was envisaged. Besides
the standard procedure of automatic classification
using maximum likelihood algorithm, another method
of signature extraction has been applied and
tested.

With a pre-classification - by using a simple box
classifier - the data could be roughly divided
into forest and non-forest signatures ("raw"
forest mask). These signatures could easily be
clustered in several sub-classes for forest and
non-forest. The statistics of the sub-classes were
used for the final step of maximum likelihood
classification. The procedure has the advantage of
a standardised procedure and higher statistical
accuracy in problematic regions compared to
interactively determined and very often too small
training fields.

V.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341, July 1992).
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All NOAA-AVHRR classification results of the test
sites had been compared with a forest/non-forest
mask derived from LANDSAT-HSS classification,
LANDSAT-HSS applications, deliver results with
suitable accuracy in a scale above 1:200.000. This
pseudo ground truth information was prepared in
three different kinds of aggregated ground
resolutions.

Additionally, in one ground truth data set
problematic border pixels between forest and
non-forest classes were delineated and masked out.
This was just done for better accuracy analysis,
because in border pixels sources of errors like
superpositioning of both data sets and the
spectral mixing of several surfaces in one picture
element are prevalent.

The accuracy assessment was carried out by the
generation of confusion matrices. Figures of the
classification accuracy were calculated describing
the local accuracy in terms of commission and
omission and the surface area accuracy, which
compares the ration of the classes in ground truth
with the AVHRR classification.

The results of the classification accuracy
assessment indicate an accuracy between 77% and
83%. Harking of the border pixel increased the
results up to 91% and 96%. This indicates that the
errors, which could be caused by technical
problems of superpositioning of both data sets,
are mainly located at the borders of forests.

The surface area assessment resulted in relatively
high accuracies (90,5% in Spessart, 98,7% in Male
Karpaty). This indicates good possibilities to
achieve a large area forest map with sufficient
accuracy.

The implementation of the subject forest map is
currently on-going and will be finished by the end
of this year.

2. THE ESA ISY FOREST ATLAS OF EUROPE

2.1 Objectives

To develop, design and publish a forest atlas of
Europe based on remote sensing data sets. Forests
in their natural and man-made distribution and in
their local structure are depending on numerous
geo-ecological, climatical and socio-economical
features.

To visualise their dependencies and to evaluate
the various influences on them, thematic maps will
show a variety of features like:

- topography, geology, climatology etc.;
- vegetation zones, tree species etc.;
- industrial areas, infrastructure patterns

etc

The contractor for this undertaking is the
Austrian company Geospace.

2.2 Results of the feasibility study

It was the intention of a feasibility effort to
show the potential of satellite remote sensing for
forestry and to support the feasibility of image
processing techniques, GIS and DTM applications
for forestry-related problems.

Low resolution NOAA-AVHRR-LAC data, as well as
high resolution LANDSAT-TM/MSS .. data and
SPOT-XS/PANchromatic data were processed, using
appropriate algorithms to show forest coverage and
forest problems which can reasonably be included
in the ISY Remote Sensing Forest Atlas of Europe.

During the feasibility study it was the aim to
evaluate existing algorithms concerning their
potential to distinguish between forest and other
land use and their potential to demonstrate forest
features. This evaluation included the
identification of

- possibilities of forest mapping;
- features which can be shown in a full coverage

of Europe:
- features which can be shown as typical regional

phenomena:
- features which can be shown as typical local

examples;
- scales to be used for the different elements of

the content of the Atlas.

3. CONCLUSIONS/OUTLOOK

Based on the results of the above-mentioned
projects, ESA will, within the frame of the ISY,
initiate follow-on forest activities and will
concentrate on

- finalisation of on-going undertakings;
- increasing use of ERS-I data for forest

applications;
- continuous collaboration with other parties of

the World Forest Watch (WFW) activities;
- application of the methods developed to other

regions for global forest assessments;
- promotion of remote sensing application in less

developed countries.
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ABSTRACT

In order to develop operational methods for tropical
forest monitoring a feasible low-cost approach was used
and evaluated with promising results. Digital satellite
imagery is digitally co-registered and enhanced to
produce color hardcopies. These are visually
interpreted and area cover classes are manually
delineated. An adopted point sampling design is used
to estimate area cover. Using time-coincident reference
data the interpretation accuracy is evaluated and the
area estimates calibrated.

The methodology v/as tested and evaluated for the
Chiang Rai province in northern Thailand. Landsat
imagery from the same season of 1977, '84 and '9O was
used.

Keywords: Forest monitoring, interpretation, Landsat,
area estimate calibration.

1. INTRODUCTION

The Swedish Space Corporation has together with the
Swedish University of Agricultural Sciences, Faculty of
Forestry developed methods for deforestation
assessment. The work was carried out in close co-
operation with the Royal Forest Department, Bangkok
and FAO. The methodology was tested and evaluated
for the Chiang Rai Province in northern Thailand.

The main objective of this project was to develop and
evaluate methods for rate of change assessment of
tropical forest area cover with high resolution satellite
data. It was intended that these methods can be used
for the work carried out locally within FAO's ongoing
Forest Resource Assessment project (FRA90) why FAO
specifications was followed of cover type classes,
interpretation material etc. The aim was to enable
calibration of estimates based on NOAA AVHRR data
or other inventory data.

An operational method, in the sense of being both
accurate, practical and cost-effective, should be possible
to use without requirements for high-tech equipment
and advanced pre-processing of satellite data. Such a
method should also be easy to adopt by forest inventory

staff, accustomed to aerial photos or satellite images,
without significant extra training. It is preferred that
image interpretation is carried out locally, whereby
local knowledge of the areas to be assessed can be
used, field control can be accomplished and maps and
aerial photographs can be used to support the
assessment.

The intention was not to evaluate the maximum
interpretability after special processing of image data
but to perform the evaluation of "a modest level
method" adopted in the project. That is, the intension
was to determine what realisticly can be expected in an
inventory situation making use of satellite data that
does exist - but being optimally enhanced as compared
to standard products.

2. STUDYAREA

The area is hilly to mountainous with the valleys and
ridges in typical north-east to south-west direction. The
province holds 11 678 km2, of which forest covers
approx 40 percent. The major forest types are
evergreen, mixed deciduous and dipterocarp. Bamboo is
also important for the local forestry.

The plateaus of the wide valleys are used for growing
rice with other forms of agriculture at the slopes of the
hills. Shifting cultivation is usually practised at the
upper hillsides, leaving original forest only at the steep
slopes and ridges.

A cycling type shifting cultivation is common, where
ths forest is cut down, the plot is burnt and then used
for approx three years. After a rotation period of 5 - 6
years, the land can be used again. Usually, the clear
cutting is done in March, the burning by the end of
April so the first crop can use the rainfall in May and
June. As the rotation period of the major natural forest
types is over 30 years, most of the Chiang Rai forest
will never reach its mature stage.

The major part of the province covered by the
multitemporal overlap of the satellite imagery
constituted the study area.

Proceedings of the Central Symposium ol the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
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3. INPUTDATA

Landsat MSS data of the same vegetation season from
1977, '84, and TM data from '9O was used in the study.
The MSS imagery was co-registered to the TM image
at 60 m pixelsize with subpixel accuracy.

At an early planning stage, it was decided that aerial
photographs should constitute the reference data.
Thereby, errors introduced by differing ground data
collection and map compilation procedures associated
with earlier surveys could be avoided. It was also
anticipated that the data obtained from current photo
interpretation should be reliable as the interpretation
was to be done by experienced interpreters at the Royal
Forest Department in Bangkok.

Time-coincident b/w aerial photographs at a scale of
1:15 000 from 1977 and '84 was used as the reference
data. For 1990, when aerial photos could not be
obtained, field checking was performed.

4. METHODOLOGY

The cover types were interpreted in two alternative
ways - by delineation of the color prints and by
interactive delineation of the digita: imagery as
displayed on a color monitor.

The accuracy of the results from satellite imagery
interpretation was investigated using interpretations of
corresponding aerial photos. The aerial photos were
interpreted directly within a grid of sampling circles
covering the whole frame as seen in stereo. The
satellite imagery was first delineated before
corresponding pointwise sampling of the delineations at
aerial photo locations.

The area and cover changes were estimated for each of
the three dates of imagery from the color Landsat
hardcopies. Calibrated area estimates were calculated
using the satellite to reference data relationships
obtained during the accuracy assessments.

From the area estimates, the rate of deforestation was
calculated. The transitions of the classes over time
were also recorded.

From the classification structure as specified in FAO
FRA90 working papers, a classification schedule was
developed. This schedule was used by the interpreters,
both for the aerial photos and the satellite imagery.
Some modifications were introduced; e.g., water was
introduced as a class to separate it from the "other
landuse" class. A code index was created for the
successive data recording of classes and, if possible, of
separate forest types.

Each satellite image was optimally contrast-stretched
to make use of the whole dynamic range without
saturation, while maintaining a color balance similar to
the other images. After plotting on color film, a print
was made for each imageary at a scale of 1:250 000.

4.1 Sample Derign

Traditional type systematic grids were established and
separate transparent circle grid overlays were produced
for accuracy assessment and for area estimations.

Little information was available at the time of design
preparation to explain some patterns observed in these
images. Thus, a first approach using stratification into
classes of rate of forest cover change was ruled out.
With an essentially first-time inventory situation and
practical considerations it was decided to use a
systematic sample layout for the accuracy assessment
sample.

Circular sample units of 3mm diameter for accuracy
assessment were used within each photo. The circles'
dimensions represented the approximate ground size of
an MSS pixel. This ground size also represented a size
of patch change commonly seen in the photos.

The centers of the circles were placed 18mm apart on
the photographs, corresponding to 27Om on the ground.
This distance was judged as adequate to minimize
auto-correlation effects and was based on a review of
the land cover mosaic patch size as seen on
photographs. The 18 mm distance produced a grid of 11
by 7 circles covering the area of the photographs
interprétable in stereo.
Of all aerial photos anticipated, only 23 that covered
the overlap between the Landsat 4 and 5 versus the
Landsat 2 images were available. They were
interpreted in Thailand.

Cover type data for area estimation over the full study
area was obtained by establishing a 5 mm grid
covering the 1:250,000 scale Landsat hardcopy images.
The grid size corresponds to a ground distance between
sample points of 1.25km. It was selected as a
compromise between the "smallest interprétable unit"
and the size at which generalization of the object
occurred. Each area of 1.56 km2 (approximately 300
satellite data pixels), thus contains one sample point.

4.2 Interpretation and collection of data

First, a set of aerial photos of the entire area between
the frames used for accuracy assessment were picked
out. Then, selected areas of all classes in the satellite
imagery and the aerial photos, not used later in the
accuracy assessment, were interpreted to calibrate the
interpreter prior of the accuracy assessment.

The black and white aerial photos at a scale of 1:15000
were interpreted in stereo mode using mirror
stereoscopes. First, clear acetate film with the accuracy
assessment a circle grid was laid over each '77 photo.
Easily detected static objects - e.g. creeks, roads, rivers
etc. - were then marked on the film. Then, the classes
according to the classification schedule were
determined directly within each circle of the accuracy
sampling grid and recorded on data forms.

The circle grid overlay was then located to the same
position on the photo from 1984 by superimposing the
overlay with marked ground objects. By that, the same
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location» could be sampled for both years, despite the
absolute position of each photograph. The data of the
second year was then recorded on data forms in the
same manner as before.

Clear acetate film was overlaid on the 1:250 000 scale
satellite image prints for delineation marking. Then,
the interpretation was made through a two times
magnifying lamp that gives an effective scale of
1:125 000. The same classification schedule was
followed as for the aerial photos.

The digital images were interpreted using an
integrated pc based vector/raster-system. With such a
system, the displayed satellite image can be
interactively enhanced and zoomed for optimal
interpretation. Simultaneously, delineation of forest
types can be made in vector format and stored in a
forest map database.

43 Data reduction and statistical analysis

Clear acetate sample unit drawings were located on the
Landsat hardcopies images at positions registering
spatially with the aerial photos used in the accuracy
assessment sample. Each acetate drawing wad
composed of the boundary of the aerial photo and the
sample point grid. The cover type identity of each
sample point was obtained by noting the class of the
segment in which it fell. (The segments were created
by the interpretation and delineation of the
hardcopies). Data for corresponding sample points
located on the Landsat data were entered directly
using a data entry program.

Cover type data from interpretation on the color
monitor was obtained compatibly by creating a digital
grid of points that could be positioned at the aerial
photo positions as located on the displayed Landsat
data.

The cover type class code for each accuracy assessment
sample circle from the aerial photography and sample
point from the Landsat data was typed into separate
computer files prior to further analysis. Data from the
photos used in the accuracy assessment were entered
using DOS-compatible program in Thailand and the
results sent on floppy discs to Sweden.

Cover type data for area estimation was obtained by
using the area assessment grid on the Landsat
hardoopy images. The cover type identity for each grid
position w-•* obtained and the data stored digitally in
the same manner as for the accuracy assessment.

The resulting files were then read into software that
formed the aerial photos versus Landsat class
confusion - or error - matrices. Software was written
which first converted the input data into state or
change categories of interest, and then counted the
number of occurrences of each combination of photo
derived reference class and Landsat class. Files were
then written that contained the error matrices.

The accuracy of the approaches used and the results
obtained was assessed. It was important to determine
how accurately forest and other cover types could be
identified, how accurately changes could be detected,
and the categories between which significant
misclassification occurred.

Classification accuracy was evaluated by standard
techniques. Each error matrix to be evaluated was
studied to understand the kinds of misclassification
errors which occurred, for example to which classes
forest was wrongly classified and vice versa. The
relative number of misclassifications by type was
noted. The number of correctly classified accuracy
assessment sample units by class were then computed
and displayed with the row and column totals by class,
and over all classes.

Next, the proportion correct, the omission error, the
commission error, and the user accuracy statistics were
computed and displayed with the Kappa statistic for
each evaluation combination.

4.4 Area Estimate Calibration

When error matrices of the kind described above are
available, calibrated area estimates can be produced.
With the direct matrix method, the bootstrap method is
used to estimate the variance and with linear
regression, the variance is estimated in the standard
way. Having calibrated the area estimate a confidence
interval can be placed around the estimate from
calculation of the standard error.

Step

Accuracy assessment
of interpretation

Area assessment

Calibration factors
calculation

Raw estimates
calibration

Input
Interpretation overlay
Accuracy assessment
grid

Interpretation overlay
Area assessment grid
Error matrix

Raw estimates

Output

Accuracy statistics
Error matrix

Raw estimates of
areas

Calibration values

Calibrated area
estimates
Standard error of
estimates

Table 1 Main steps of calibration of area estimates.
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5. RESULTS

5.1 Interpretation Accuracies

Bulk type satellite data being co-registered to one
another have a sufficient geometric quality for manual
interpretation in medium scales. For a digital approach
of rate of change assessment in the regional scale,
precision corrected imagery (using maps or DTMs)
would, however, be called for.

For the six summary classes of water, forest,
plantation, forest fallow, shrubland, and other landuse,
the accuracy obtained from interpretation of satellite
color hardcopies - expressed as proportion correct - was
on average 74 percent. The accuracies from
interpretation of color hardcopies was in general better
than from interpretation of imagery displayed on the
color monitor.

Results for the year by year analysis showed that
forest could be separated from non-forest categories
roughly two thirds of the time or better. Roughly two
thirds of the forest points misclassified were placed in
the forest fallow class, which was the most problematic
class. The remaining one third were placed in the other
land use category. In turn, roughly two thirds of the
points misclassified into forest were from forest fallow,
and one third from the other land use category.

6.2 Area and Rate of Change Estimations

From the two dates with reference data available, the
area estimates from the satellite data were calibrated.
The calibrated area estimates have an estimated
standard error of typically ± 1 to 4 % for the summary
classes and ± 2 to 6 % for all classes.

From the forest type area cover of the three years, the
rate of deforestation for the study area was calculated
to more than 2% per year between 1977 and 1984, on
average. Between 1984 and 1990, this figure had
doubled to more than 4% per year.

Comparing the major changes of cover type areas from
1977 to 1990, forest has decreased to 2/3 of its area in
1977. Fallow has almost doubled and the "Other
landuse" class have increased its area by 1/4.

6. DISCUSSIONANDMETHODOLOGY
PROPOSAL

The methods developed in this project are cheap to use
and the image processing can be done on a general
image processing system. The accuracy and calibration
calculations can be done by compilation of standard
statistical packages or by use of the software developed
at the Faculty of Forestry.

First, time coincident cloud free bulk processed
satellite imagery from minimum two dates, should be
acquired. The datea should be separated more than the
cycle of slash-and-burn practise. Then, the imagery are
radiometric relatively calibrated and co-registered to
each other.

In order to serve for interpretation of forest area cover
(of the classes according to FAO specification), the
imagery need to be of good quality i.e., show subtle
tones in color. Earlier produced standard color
hardcopies are often not of sufficient quality. It is
preferred that digital imagery is purchased for digital
enhancement to produce (new) color hardcopies of
optimal colors.

For medium to small scale assessment of forest area
cover and rate of its change, the approach of visual
interpretation on (paper) hardcopies and manual
delineation is recommended. Still, it is possible to
digitize the output, thus using a more computer based
production environment.

Second, the sampling design for area assessment by
year using a point grid is performed. After registration
of the data, the area differences and the rates of
change are calculated.

It is anticipated, that the existence of reliable time
coincident reference data is sparse, if in practise at all
possible to collect. At least a sample of reference data
is, however, necessary in order to produce a variance
estimate and associated calibrated area estimates.

To calibrate area estimations is less important at high
levels of interpretation accuracy. Examples were
calculated at different levels using uncalibrated
estimates of the summary classes. The results indicate
mean absolute area differences between uncalibrated
and calibrated estimates from 2.3% difference for the
90% level to 6.6% difference for the 70% level of
interpretation accuracy. The forest class estimate
difference was almost 10% between these levels.
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ASSESSMENT OF STORM DAMAGE IN FORESTS USING SPOT IMAGERY
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ABSTRACT

The possibilities of assessing the impact of storms on forests
by satellite remote sensing arc evaluated. Two main objec-
tives arc put forward: the location of the damaged zones and
the establishment of a quan'-tative relation between timber
volume losses and spectral changes. Different modes (XS
and PA), acquisition dates and change detection techniques
arc compared. The change detection method elaborated is
based un the combination of two corcgistcrcd panchromatic
images, together with their difference image, in a colour
composite. Supervised minimum distance classification of
this composite image results in accurate delineation df seri-
ously damaged areas. Quantitative parameters of the spectral
change of the forest stands, extracted from the difference
image by averaging and level slicing, arc regressed against
the field data. Results indicate that the extraction of reliable
information on storm damage from satellite imagery is
restricted to stands where severe damage occurs, i.e. where
groups of trees were thrown.

Keywords: fdrest, storm damage, SPOT imagery, panchro-
matic, change detection

1. INTRODUCTION

During the winter of 1990, forests throughout Western
Europe were severely damaged by several successive storms.
The total amount of wood damaged is estimated at approxi-
mately 100 million tiA

In the Region of Flanders (the northern part of Belgium) the
equivalent of the volume of wood yearly harvested through
regular cuttings (700.000 ITT), was thrown in .three days
(2S/01, 8/02 and 28/02/1990). In terms of surface this
means that 1,7 % of the forested area in Flanders was de-
stroyed. About 3/4 of the damages arc to be found in conife-
rous forests

Forests in Flanders arc characterized by intensive silvicul-
tural practices and small ownership. Small size and a pro-
nounced internal heterogeneity of the stands are common
features. As a result of the generally flat terrain and the

mixture of tree species and ages, the damage, though very
serious, mainly occurs dispersed. Individual or small groups
of trees arc thrown scattered throughout the stands.

A quick and reliable method for location and estimation of
storm damage at a large scale would offer a usefull tool for
decision-making at different levels of the regional forest
management.

The overview of the situation provided would enable ade-
quate planning of measures regarding the control of damage
consequences. Fundamental information for planning storage
infrastructure for the surplus supply of wood and demarca-
tion of critical zones for bark beetle plagues would be provi-
ded. Also a prognosis of the evolution of wood prices could
be derived. In a second stage existing forest maps can be
updated and management plans of seriously damaged areas
adapted.

Finally, integrated spatial analysis of the occurrence of
storm damage in relation to the characteristics of the forest
(tree species mixture, stand structure, density, age, treat-
ment) and environmental parameters (soil, drainage, expo-
sure to damage cause) will enable the making up of forest
sensitivity (or suitability) maps. These maps will provide the
managers with usefull information for the choice of tree
species when (re)afforcsting and for the treatment of forests
on critical sites.

2. OBJECTIVES

Regarding the evaluation of the possibilities to assess storm
damage in forests from satellite imagery, two main objec-
tives are put forward. Primarily a method for locating the
damaged zones has to be elaborated. In a second phase, the
construction of a model allowing for estimation of limber
volume losses from remotely sensed data is aimed at. For
this purpose, the relations between spectral changes and
limber volume losses arc to be analysed on a quantitative
basis.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany, 30 March-4 April 7992
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In order Io select the most appropriate data set for the
change detection, multispcctral as well as panchromatic
SPOT images arc evaluated, and different acquisition dates
and image combination techniques arc compared.

3. MATERIALS

3.1 Test site

The public forests of Ravels and Hoge Vijvers arc situated in
flat terrain and cover approximately 1600 ha. They feature a
considerable tree species variability. Scots pine (Pinus silvcs-
tris L.) and Corsiean pine (Pinus niera ARN. var. Calabrica
SCHN.) arc the most important species constituting 75% of
the coniferous stands, while oak (Qucrcus roluir L.) and
beech (Fagus silvaticn L.) are the dominant deciduous spe-
cies. Since the forest is in a reconversion phase, many old
Scots pine stands show a complex stand structure. The storm
damage pattern is considered representative of general situa-
tion in Flanders.

3.2 Field data

Detailed information on the number of trees blown over and
on the corresponding volume of wood was made available
by the forest administration for the test forest. Additional
data on thinnings carried out during the period between the
acquisition dates of the images used were also incorporated
in the analysis. All figures arc given per stand, the area of
the stands generally ranging between 1 and 12 ha.

Location of the damaged /.ones through field surveys proved
Io be extremely difficult. Remotely sensed data however can
reveal spatial'patterns that arc nearly invisible on ground
level.

3.3 Airborne data

To enable proper delineation of damaged zones for the
analysis of the satellite imagery, an intermediate observation
level was introduced. Airborne colour-infrared photographs,
acquired after the storms (October 1990) were used for this
purpose. Orthofolomaps dating from 1989 (Forest Mapping
of the Region of Flanders) served as a reference.

Additional natural colour aerial photographs of a part of
Ravels forest at a scale of approximately 1/2000 were acqui-
red using a remotely piloted platform. This delta-wing type
aircraft was designed and built in coorporation with (he
Laboratory of Remote Sensing and Forest Management
(University of Gent) and is fully operational for low altitude
aerial photography.

3.4 Satellite data

Because of the low albedo of forests, the reliability of infor-
mation extracted from satellite data strongly depends on the
image quality and atmospheric distortions. Only images
featuring a 0000 cloud index (CN) in the SPOT image
catalogue arc taken into consideration. Nevertheless local
atmospheric distortions were observed during data evalu-
ation. Mctco data acquired at a military airbasc near the
testsitc revealed that these arc due Io a cirrus-type cloud
cover occurring in some of the images.

Table 1: Main parameters of (lie SPOT images evalua-
ted and meteorological data at the acquisition
dales.

Dale K/J Viewing Maximum Clouds
angle (°) visibility (km)

Panchromatic

18/06/89
12/01/90
13/07/90

43/246
43/246
44/246

6.7 W
6.1 W
4.3 W

18
15
25

cirrus
cirrus
none

Mullispcctral

22/05/89
13/07/90
22/07/90

43/246 15.4 E
44/246 4.0 W
43/246 23.5 E

25
25
15

none
none

cirrus

4. DATA ANALYSIS

4.1 Image preprocessing

The images were geometrically corcgistcrcd by means of
control points and cubic convolution.

Image combination regarding change detection and quantita-
tive analysis requires prior calibration of the data (Rcf. 4).
Furthermore, Ihc transformation of the raw Jala to physical
values allows for comparison with other radiomctric data or
research results (Rcf. 3).

DN-valucs were transformed to radiances using the method
described by CNES and SPOTIMAGE (Rcf. 2). Finally, a
correction, compensating for sun elevation differences was
carried out (Rcf. 5). For both transformations the ncscssary
data arc provided in the header files of the image tapes.

1
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4.2 Image selection

4.2.1 Spectral mode

In a first phase panchromatic and mullispcclral SPOT images
were compared using band per band differencing and subse-
quent interactive thresholding (Réf. 6). The resulting binary
change maps were compared using a set of control zones,
representing different types and degrees of storm damage.

The panchromatic images performed markedly better than
the multispcctral images. This corresponds with former
studies pointing out that panchromatic images are more
suited for the assessment of forest structural parameters
(Réf. 1), though in this study a winter image was used.

Based on the comparison of simulated and observed data,
Woodcock (Réf. 7) noted that the local variance in an image
peaks at a resolution of about 1/2 to 3/4 of the size of the
objects. Since the tree crown diameter in the test forest is
estimated between 6 and 10 meters, a higher local variance
in the panchromatic images (spatial resolution 10 meters)
allows for better discrimination of small scale changes.

4.2.2 Acquisition date

For several reasons, the panchromatic image acquired short-
ly before the storms (January 1990) is useless for the inten-
ded application. Due to the low sun elevation (16°) at that
time of the year, the reduced illumination (about 1/3 compa-
red to summer) results in a low dynamic range of the image,
especially over low albedo surfaces such as forests. Further-
more, due to the shadowing effect, exact geometric corcgis-
tration is hardly feasible and small canopy irregularities arc
masked.

According to the considerations mentioned, the two panchro-
matic images dating from June 18 1989 and July 13 1990
respectively, were finally selected for further analysis.

4.3 Image combination

Several image combinations for digital change detection have
been proposed by different authors (reviewed in Réf. 6).
Four techniques were applied to the selected panchromatic
images:

. univariatc image differencing (DIF),

. image regression and subsequent differencing (REGDIF),

. image ratioing (RATIO), and

. principal component analysis (2nd PC).

The resulting images are strongly intcrcorrelated as summa-
rized in table 2.

Table 2: Correlation coefficients for the different
combination images.

DIF REGDIF 2nd PC RATIO

DIP 1
REGD)F
2nd PC
RATIO

0.890
1

-0.965
-0.899
1

0.913
0.889

-0.938
1

After interactive thresholding the resulting change maps
were compared using the above mentioned set of control
zones. No significant differences between the four combina-
tion results were found.

Since the difference image directly reflects the recorded
changes in radiance values, and for its easy computation,
this image combination is used for further analysis.

The two original panchromatic images, together with the dif-
ference image, arc combinacd in a three channel composite
image. When this composite image is displayed in Rcd-
Grccn-Bluc, the changed areas arc clearly highlighted.

4.4 Location of damaged areas

The composite image together with the aireal photographs, is
uscu for visual interpretation and for the demarcation of
training areas for classification.

Supervised minimum distance classification of this composite
image results in a binary (boolean) classification of the da-
maged areas.

4.4 Regression analysis

Since the field data were made available per stand, quantita-
tive parameters of the spectral change are extracted per stand
from the difference image. Two basic techniques arc applied
for this extraction, resulting in two measures of spectral
change:

. averaging; the average level of the stands in the
difference image reflects the overall change of each stand,

. level slicing; the number of pixels at, or between, certain
levels in the difference image may be linked with diffe-
rent degrees of damage within the stands.

The two resulting parameters arc strongly intcrcorrclated,
but using the first approach the differences are averaged out,
resulting in a major reduction of the parameter range.

Both data sets arc regressed against the field data (volume of
wood thrown per stand). The inversion of the resulting

t
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model aims at Ihc conslrulion of a gradual (non-binary)
forest damage map, reflecting and localising different dama-
ge degrees.

5. RESULTS AND DISCUSSION

5.1 Location

Supervised minimum distance classification of the composite
image results in accurate delineation of seriously damaged
areas. The third channel representing the difference between
the two other channels adds additional weight to the zones
where changes took place. This leads to a higher accurracy
when compared to the use of only the two original images.

Storm damaged areas were easily separated from clear
cuttings, carried out during the period between the acquisi-
tion of the two images, since in the latter areas harvested
trees and understorcy vegetation arc removed.

Scattered storm damage is not classified due to its low level
and disperse effect on Ihc radiance. The classifier training
zones are situated in clusters of thrown trees with a distinct
signature in Ihc composite image. This signature does not
characterise zones featuring scattered storm damage.

5.2 Regression analysis

To some extend, quantitative relations between satellite
derived data and field data (dV) were observed. The availa-
ble data set though, docs not allow for the establishment of a
reliable general estimation model due Io several factors:

the local atmospheric distortions in the reference image,
the spatial detail of the available field data; averaging
per stand leads to compression of the data set and wea-
kening of the relations calculated,
the lack of reliable information on the reference situa-
tion.

Information on density and growing stock was only available
for a very limited number of stands of the test forest. There-
fore no relative parameters of change, which arc believed Io
be more suited for the purpose described, could be calcula-
ted.

Although the images were acquired during the same season
with only one year in between, there arc indications that the
difference image still docs reflect phcnological differences.
These may be due to blooming of one of the tree species
(Pinus silvcstris L.) in 1990, resulting in less dense crowns.
The evaluation of this effect requires the incorporation of
tree species distribution and stand age in the analysis.

Figure 1 represents a scattcrgram and regression model
based on a subset of stands, all featuring clustcrd storm

damage. Linear regression features a coefficient of deter-
mination (R2) of 88% while the second degree rcgraession
displayed features R2 an of 93%. The remaining 170 stands
arc all characterised by moderate and disperse storm dama-
ge. When these stands arc incorporated in the analysis, the
correlations decrease significantly due to the bias resulting
from the factors mentioned above.

Npix
100

80

60

40

20

50 100 150 200 250
dV

Figure 1: Scallergram and regression model based on a
subset of stands, aU featuring clustered storm damage (dV =
volume of wood thrown, Npix = number of pixels between
two levels demarcating damaged areas).

6. CONCLUSIONS AND PROSPECTS

Accurate classification of clustered storm damage is feasible
combining two coregistercd panchromatic images, acquired
during the same season, together with their difference image
and a fast and simple classification approach.

Because of their higher spatial resolution, panchromatic
images yield significantly better results for the detection of
small scale changes in a coniferous forest canopy than do
multispcctral SPOT images.

A quantitative relation between timber volume changes and
image data was derived but model construction for estima-
tion of timber volume losses requires a data set covering a
broader range of damage degrees and image data acquired
under ideal conditions.

Integrated spatial analysis in a CIS setup is planned in the
near future. This approach should allow for belter analysis
of the remotely sensed data because of the incorporation of
stand characteristics and environmental parameters influen-
cing the spectral response of the stands.
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ABSTRACT

Using data from the Landsat 5 TM, a mapping of windfall

areas in the region of the Eastern Hunsriick plateau is

carried out. The first step is to make a general exposition

of the usefulness of Geographical Information Systems

(GIS). Subsequently, it is found by classifying the data that

the species most affected is spruce (Picea abies) grown in

monocultures. By correlating these results with digitised soil

data, it is possible to identify the static wet soils which, in

combination with flat-rooting spruce, show the highest

potential for windfall damage. A prediction of potentially

endangered areas can be made.

Keywords: windfall damage, remote sensing, digital image

processing, Geographic Information Systems, spruce stands.

1. INTRODUCTION

On the 23rd of November 1984, a storm in the plateau of

the eastern Hunsriick mountains (Fig. 1) laid waste to large

forest stands. In the most badly affected Forestry Offices, an

amount of standing timber was thrown down in one night

which approximately corresponds to the planned felling of

a decade.

The Forest Protection Department of the Forestry Labora-

tory of Rheinland-Pfalz decided at the beginning of 1988 to

develop within the framework of a research project a me-

thodical approach with which those windfall damage areas

can be mapped on the basis of satellite data (Réf. 1). At the

same time it was intended to assist in forecasting potential

risk areas by processing the data in a Geographic Informa-

tion System (GIS). The questions to be solved in this paper

were:

- What is the minimum size that windfall areas must have in

order to be identified in the image?

- Is indubitable identification possible at any time of the

year?

- Is it possible to distinguish different "types of bare area"

(dump, dry,...)?

- What types of trees are principally affected?

- What expenditure (financial, temporal, technical) must be

estimated for such an evaluation, and is this expenditure

worthwile?

- Is it possible through correlation with additional data to

draw further conclusions, for example about locations poten-

tially exposed to the risk of windfall?

- Does the processing of spatially related data (such as, for

example, windfall areas determined by remote sensing) in a

GIS have advantages over conventional methods of wor-

king?

Figure 1. Natural regional subdivision of the Eastern

Hunsriick

(after Meynen and Schmidthiisen 1957)

ft; Proceedings of the Central Symposium of the 'International Space Year' Conference Held in Munich. Germany, 30 March-4 April 1992
(ESA SP-341. July /992)
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Fig. 2 shows the typical picture of u spruce stand felled by

a storm. Snapped trees are visible, on the one hand, and

between them fallen spruce trees whose roots are exposed.

Relief has a substantial effect on the course and effects of

a storm. It can lessen its force, but the valley can act also as

storm streets and amplify this force, and the air masses can

be pushed upwards and the formation of turbulence is acce-

lerated.

Figure 2. Storm-damaged stand in the Hunsuck area

(author's photograph, November 1988)

2. METHODSANDMATERlALS

2.1 Landsat Data

The first suitable (that is to say completely cloud-free)

TM-scene prior to the storm event was taken on the 25th of

April 1984 (Landsat WRS N° 196/25). Although the next

useful TM scene after the storm originated from the 18th of

April 1987, i.e. two and a half years after the event, it was

taken in the same month and thus showed comparable

vegetation conditions.

2.2 Topographical Surveys

The topographical surveys were performed in November

1988. They served the purpose of surveying representative

training areas for the maximum-likelihood classification of

Landsat frames. The survey was performed with the aid of

the forest survey sheet which was developed by the Institute

for Establishment of Forests and Forestry (Department for

the Measurement and Interpretation of Aerial Photographs)

of Freiburg University.

The following were used as a further aid in the survey:

Several colour composites of the TM channels 5-4-3 (R-G-

B), aerial photographs 1:5000 and several forest district

maps.

The surveys centered on recording spruce stands. Since the

spruces are the type of tree with the most severely damaged

stands (Réf. 2), particular value was placed on detecting

different age classes, in order to be able, later, if necessary,

to work out the classes most strongly affected.

Figure 3 shows one windfall damage area with a size of

more than 50 ha. The entire bare area pictured here

originated in the night from the 23rd to the 24th November

1984.

The bare areas were also mapped especially carefully, since

the idea arose wether it is possible to undertake further

distinction in accordance with different phenotypes by a

classification in the group of the bare areas as well. As the

satellite recordings were made 29 months after the storm

event, at this point in time most of the areas had already

been cleared and largely already reforested. However,

during the terrestrial foot survey it was still possible to

establish differences in the ground flora of the bare areas.

Some areas were very strongly grown over with grass, others

were strongly covered with herbaceous vegetation (different

berries) or overgrown with bushes, which indicates damp

locations. All the "types of bare areas" occuring were

explicitely distinguished during the forest survey, and sorted

into different groups.

2.3 Image Processing

All image processing was carried out by the German

Aerospace Research Establishment (DLR) in Oberpfaffen-

hofen.

After rectification and contrast stretching the TM channels

have been combined to colour images. A combination of the

channels 3,4 and 5 is recommended for studying vegetation,

since in this way the range of visible light ,the near infrared

(NIR) and the middle infrared (IR) are each represented by

one channel. The combination chiefly used in the study was

channels 5-4-3 (R-G-B). This channel combination is also

regarded as optimum in the literature (e.g. Réf. 5), and it is

likewise employed in mapping forest damage.

2.3.1 Arithmetic Operations

Channel 5 of April 1987 was subtracted from the channel 4

of this image. The result very graphically shows the distribu-

tion of the bare areas, which are clearly contrasted as bright

areas in a terrain with the dark residual areas. This possibi-

lity can be regarded as the simplest method of detecting the

windfall areas (Réf. 3 & 4).

A further operation is the pixel-wise multiplication of two

channels. A bare area mask was created to find out which
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tree species were principally affected by windfall. This mask

was to eliminate all pixels that did not belong to one of the

bare areas in the subtracted image. After that a forest/non-
forest mask was created for the exact separation of forest

areas and non-forest areas by threshold values.

2.3.2 Multitemporal Channel Combination

Within the scope of development of new methods of investi-

gation, various channel combinations were made, in order
to be able to establish the combination in which windfall

areas are most clearly emphasised without further processing

of the data having previously taken place. The optically most

impressive combination was the follwing: Channel 5/87 (R),

channel 4/84 (G), channel 3/87 (B). The bare areas appear

in a stronger red hue, while the remaining forest areas

exhibit green shades. Since the black & white reproduction

of (he satellite images is of a poor quality, it was decided

not to use them in this particular paper. The reference

numbers 3 and 4 show the original quality.

Figure 3. Area felling in the Oberwesel municipal forest

(author's photograph, November 1988)

2.3.3 Classification

The following questions were of particular interest for

studying

the bare areas:

- Are there points of agreement between the reflection of

the bare areas and that of the deciduous forests?
- Is it possible to distinguish different types of bare areas?

After analysis of the grey-level histograms of the 1987-scene

it was not possible within the class of "bare areas" to make
a more profound distinction in accordance with the respec-

tive state of the windfall area. The scattering of the grey

level histograms was too low to guarantee an indubitable

division.
For this reason the maximum-likelihood-classification was
first carried out using the image of April 1984, since it

seemed reasonably to establish which tree species and age

classes were chiefly affected by windfall. The result of the
classification clearly demonstrated the distibution of the

spruces into their different age classes. Splitting up the

natural age classes is done using the diameter breast height

(DBH) as defined by Speidel (Réf. 6) as follows:

- Culture: average height 2m

- Thicket: DBH < 7 cm

- Pole wood: DBH around 14 cm

- Timber stand: DBH > 14 cm

It was possible to separate three age classes of spruce. All
in all, the classification determined 8 classes:

1) bare area, 2) spruce culture/thicket, 3) spruce pole wood,

4) spruce timber, 5) other coniferous forest, 6) mixed forest,

7) deciduous forest, 8) forest/non-forest mask (Réf. 3 & 4).

The result of the classification can be regarded as satisfac-

tory. Taking account of the fact that it is, after all, not the

classification of the forests but the recognition and mapping

of the bare areas that is the topic of the study, it may be

said that the result is very good in the sphere of the bare

areas. However, in the coniferous forest the accuracy of

classification is to be designated as good and with accuracies

of 92% (culture/thicket), 96% (pole wood) and 95%

(timber) the spruce stands are classified as good, above all

when the erroneously classified spruce pixels were mostly

slotted into one of the other spruce age classes, as emerged

during verification (Réf. 3 & 4).

The TM sensor is not capable of distinguishing between

bare areas caused by storm and those which are anthropo-
genically created (felling of the trees/end use). The stands

cut clear must be eliminated in consultation with the forest

administration. Since felling is a measure very rarely used in

forestry, the percentage of these areas in the study area

could only be very slight.

2.4 Blending TM Data with Digitised Site Maps

The basic consideration of these research steps was that it

was possible in some circumstances for factors other than

the flat plate to be decisive in posing a particular threat to
the spruce stands in the Hunsruck. In this regard, the first

factor is the soils in the field of view, since it has been

demonstrated that static wet soils harbour a particularly high

risk of windfall and it is just these soils that are widespread

in the study area.

Two damaged areas with static wet soils we.e selected as

t

I
H-

I
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examples for the purpose of digitisation (from the 1:10,000-

site-map), then digitised and geocoded. The area masks

were combined interactively with the TM data (1987) with

the help of a GIS. There is a clear agreement between the

bare areas and the static wet sites. The astonishing harmony

between the gley soils and the areas of windthrown stands

becomes even clearer if the mask is combined with the clas-

sified image. This may allow the conclusion that the combi-

nation of two unfavourable features, that is to say the static

wet soil on which the shallow-rooted trees stand, show clear

effects in the form of storm damage.

3. CONCLUSIONS

Windfall damage areas can be unambiguously identified in

Landsat TM images. The minimum size of a damaged area

must be 0.5-1 ha. Satisfactory results are achieved even with

one monotemporal image. However, multitemporal opera-

tion yields more accurate results. The survey should have

taken place directly after the storm event; the longer the

gap between the hurricane and the satellite overflight, the

more imprecise the results become. The reason for this is

the rapid reforestation of the bare areas, which is attended

by change in reflection, as well as the grassing over the

areas.

As the conclusion of the evaluation, the question arises

whether it would be possible on the basis of the preceeding

considerations to predict "sites potentially endangered by

windfall" given a similar initial situation in the event of

future storms. This possibility of prediction does not seem

unrealistic if account is taken of the relatively high agree-

ment between the damaged areas and the ground bounda-

ries. However, given the use of a GIS it would be possible

to blend even further data, for example of climatic nature,

or precise growth age of the individual stands with thesatel-

lite data, in order in this way to arrive at a still higher

accuracy of the study results. This would also entail a higher

probability in the case of a prediction of damage.
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ABSTRACT

A prototype system is presented for forest fire prevention and
related control activities, consisting on two SPARC station that
simulate an Operative Centre and an Intervention Mobile Unit.
Methodologies and algorithms, using remote sensing data and a
Geographic Information System, are implemented to support
agencies operating in the areas of environmental and human life
protection and natural distaster prevention. The system identifies
three main phases: risk evaluation, fire event control and
management, damage evaluation. Application at regional and
local scale in a Mediterranean region are performed and
preliminary results are presented.

INTRODUCTION

One of the major issues to be faced by social and
economical advanced communities is disaster management in
terms of prevention, avoidance and mitigation.

The modern space technology together with the new GIS
techniques can be a very useful support for the monitoring and
emergency intervention in case of natural disasters.

The Italian Space Agency, that is the promoting of several
efforts in the development of space technology, advanced
architecture systems and data processing for remote sensing
applications, with the Telespazio, leader company in the field
of remote sensing application at environmental problems,
focused their activity to the evaluation and demonstration how
the remote sensing technology can be a very useful support in
the decision-making for natural disasters.

As experimental application, an ASI-Telespazio project is
started in order to develop» a prototype system that can be
considered as a propedeutic phase to the realization of an
integrated system for the natural disaster management. The
system is aimed to support agencies involved in the forest fire

defence, in order to obtain updated and synthetic information
on the condition and the evolution of environmental
parameters influencing wildfires, and in order to manage
correctly prevention and intervention activities (Peroni and
Martellacci, 1991).

Forest fires are one of the most frequent disaster events
that affect many regions in the Mediterranean area and appear
principally during the critical season (June-September).
Althought a great part of fires can be considered as a results
of human actions, the Mediterranean characteristics of the
climate contribute to the occurrence of forest fire events, in
terms of number and, especially, of the burned areas extention.

THE SYSTEM HW/SW ARCHITECTURE

The system for forest fire prevention and control is
composed by:

- a Central Unit that simulates an Operative Centre in
which remote sensing data and conventional data are
integrated using models and algorithms, and archived in a GIS
data bank, in order to supply the information necessary to the
prevention and mitigation of the forest fire event and to the
evaluation of the damage. The preliminary elaboration of the
data (satellite images processing, meteorological data quality
control and spatialization, etc.) are realized outside the system;

- a Pheripheral Unit that simulates a Rapid Intervention
Mobile Station connected to the Operative Centre in order to
establish timely and efficently contacts between the authorities
and the emergency forces during the fire event to optimize the
intervention phase. The Pheripheral Unit has its own
elaborative capabilities to manage in real time local
information related to the fire event evolution.

The system consists (see fig. 1 ) in two SPARC stations, that
simulate the Operative Centre and the Mobile Unit. The
work-station are equipped with some hardware facilities
(hardcopy, printers, etc.) to represent a possible configuration
useful to operate in real conditions, and they are connected in
order to simulate the satellite link.

The system is composed by an ARCHIVE and a
DATA-BASE. As shown in fig. 2, the core of the system is
represented by the CIS software package ARC-INFO. The
other modules represent the following functions:

- DATA ACQUISITION from the archive
- DATA ELABORATION, i.d. the metodologies and
algorithms developed in order to produce synthetic products
that can be stored in the archive
- DATA/PRODUCTS RESTITUTION by means of graphic
display and hardware peripherals. The principal tools of this
module are: screen set-up, zoom, information stratification,
etc.

^-»J 4 Proceedings of the Central Symposium of the International Space Year' Conference Held m Munich Germany. 30 March -4 Annl 1992
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Différent data typologies are handled by the system:
remote sensing satellite data, thematic/cartographic data,
alfanumeric and conventional data are stored in the archive.
These data are integrated by means of Geographic Information
System technologies and physical models/algorithms to
produce higher level synthetic products. Two different kinds
of information were considered: static information (thematic
maps) and dynamic information (satellite and meteorological
data), used for model simulation as well as monitoring real
conditions.

METHODOLOGIES

All the algorithms are implemented and applied on a test
area. As a case study, the Sardinia island has been chosen,
because it can be considered a typical Mediterranean region.

Three main phases have been identified in the field of the
forest fire defence activities: 1) prevention, 2) fire event
control, 3) damage evaluation. The system has been developed
to support the decision-makers during all the three phases.

1) PREVENTION

The first phase is related to risk evaluation. In order to
determine and control the phenomena that influence the fire
ignition and propagation, four different factors were
considered: climatic conditions, meteorological conditions,
vegetation state and typology, human factors.

The climatic and meteorological conditions are used to
determine risk areas by means of its climatic history as well as
of the daily meteorological situation, while the vegetation
typology, together with the landscape morphology, permits to
consider the natural static hazard components. In the
Mediterranean area human factors are very important because
forest fires have mostly anthropic origin.

Four different risks are evaluated:

- climatic risk
- meteorological risk
- natural risk
- anthropic risk

The climatic risk are performed to identify critical areas
at regional level affected by stress conditions during the
summer season. Three different type of information are used:

- vegetation typology, using a land use map, because a regional
vegetation map is not available;
- vegetation condition, using NDVI 10-days images, from
NOAA-AVHRR data;
- water availability, using the Thornthwaite water balance
model in order to produce 10-days water deficit maps at
regional scale.

These information are stratified, using a linear
combination, to obtain a higher level product: the Synthetic
Stress Index, which characterizes geographical areas in terms
of the different adaptability of vegetation to climatic condition
(land cover), of the actual availability of limiting factor such
as water and of the actual state of the green biomass (NDVI).
An example of SSI map referred to the 2nd decade of July is
shown in fig. 3 (on the left).

A more detailed discussion about this methodology is
presented at the EURISY 1992 Conference (Peroni et al.,
1992).

To identify critical areas, affected by high burning hazard
due to particular meteorological condition, a meteorological
risk algorithm is defined, using information about the soil water
deficit (aridity index) and the fuel humidity. The
meteorological variables that influence the fuel humidity are:
air temperature, air humidity, precipitation (48-hours totals),
wind speed. The synoptic station network of the Italia

Meteorological Service (three hours values) are used to
estimate the meteorological risk index, as point values located
at the stations. The methodology is based on the experimental
algorithm developed by the Italian Meteorological Service
(Palmieri and Cozzi, 1983).

To consider the characteristics of the landscape in terms
of vegetation typology and terrain morphology, a natural risk
is defined, as a linear combination of three information layers:

- vegetation typology (land use map)
- terrain slope
- terrain aspect

The last two information are carried out from a DEM of
the Sardinia island, with a spatial resolution of 1 Km x 1 Km.
The output is the Fire Hazard Map that indicates the critical
areas with different fire hazard, due to static components of
landscape that influence the phenomenon. On the right of fig.
3, the Fire Hazard Map for the Sardinia island is shown; the
relative legend presents the risk classification. The same
product is carried out at local scale (using a DEM with a spatial
resolution of 25 m x 25 m), on the test area of Olbia (Nord-Est
of Sardinia). This methodology is based on the Chuvieco and
Congalton algorithm ( 1989) and it was modified to be adapted
to Sardinia characteristics.

To have a complete definition of critical areas in term of
fire hazard, the human factors have to be considered. The
elaboration of the anthropic risk is based on fire historical data,
referred to municipality boundaries. Fire frequency and
burned surfaces percentage are carried out for each year (from
1987 to 1989).

The analisys of all these factors allows the decision-makers
to identify risk areas in order to perform the optimal resources
deployment for control and prevention actions.

2) FIRE EVENT CONTROL

The second phase is aimed to provide an useful support to
the efficent location and management of human resources
during the fire events. In this phase, two modules are
considered: the first is relative to the Mobile Unit actions,
jocated in the burning area in order to coordinate the
intervention activities, the second is relative to the Operative
Centre actions.

The Mobile Unit module is provided with two instruments:

- fire front propagation model to estimate the fire event
evolution
- communication procedures to exchange information with the
Operative Centre in terms of resources requests.

The fire front propagation model derives from the
BEHAVE model (USDA Forest Fire Service, Missoula, MT),
that was modified in order to simulate real conditions and to
produce dynamic fire front maps. Geographic coordinates
were introduced to determine the direction of the maximum
propagation speed of the fire front and a geolocated grid was

The model runs for every grid cell, starting from one or
more points, and needs the following inputs: meteorological
data every three hours and information about the topography
and vegetation typology on the burning area. For each grid
cell, slope and aspect data are considered to carry out the
morphology of the burning area and the vegetation typology
information are converted in fuel classes. The system provides
fire front maps, that can be stored in the archive. The model
was applied to a particular fire event (August 1st, 1989),
occurred in the test area (Olbia). An example of fire front map
is shown in fig. 4, referred to 6 hours simulation.

The second module is relative to the resources
management in terms of requests and location in order to
optimize the intervention. The Mobile Unit can send mails to
the Centre with information about typology, location and
description of resources needed and can visualize the state of
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the resources on field. In the next step, it will be possible to
store the changes of the state resources in order to archive the
history of the intervention.

The Operative Centre module is provided with two
instruments, essentially referred to the resources availability :

- data bank relative to the dislocation of resources at regional
level
- communication precedures to exchange information with the
Mobile Unit

The data bank contains useful information such as:
identification of relevant territorial authority, emergency
forces (firefghters, civil protection services, volunteer squads,
etc.) and location of human settlement, road network, etc.;
these data can be display in terms of location and alfanumeric
description.

By means of data bank information, the Operative Centre
can answer to the Mobile Unit requests in term of resources
availability with timely and efficent response.

3) DAMAGE EVALUATION

In order to assess the fire damage, remote sensing satellite
data and GIS techniques are used an alternative to ground
control, because they can be very useful instruments at low
cost. In the damage evaluation, two elements have to be
considered:

- the total burned surface
- the typology of the burned vegetation cover.

The LANDSAT-TM image after the fire event, was
processed to obtain the Vegetation Index map. The total
burned area can be extract from this map. By using the
vegetation map relative to the burned area, the vegetation
cover involved by the fire event can be estimate in terms of
typology and nectars (see fig. 5).

Furthermore, by means of the same territorial information
used the fire front model (i.d. burned area topography), it is
possible to evaluate the effective burned area (3d) and the
relative effective vegetation cover.

The system has been realized in collaboration with:

- Prof. S. Palmieri, Physics Department, Un. of Rome "La
Sapienza"
- G. Liberia', Earth s.r.l.
- L. Nicolo', Telespazio S.p.a.
- A. D' Epifanio, Telespazio S.p.a.
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Fig. 1 The hardware architecture of the prototype system.

FOREST FIRE PREVENTION AND CONTROL SYSTEM

t

disploy

Fig. 2 The software architecture of the prototype system.
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AND THE FIRE HAZARD MAP AT REGIONAL SCALE ON THE RIGHT



FIG. 4 • THE FIRE HAZARD MAP AT LOCAL SCALE (OLBIA AREAI

FIG. 5 • EXAMPLE OF 'RODUCTS RELATIVE TO THE CONTROL AND MANAGEMENT PHASE DURING THE FIRE EVENT SIMULATION
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TR-. 1'Hl-: (.'I-1 I 1ULARIMLTHlC RADAR REMOTE SENSING DATA FOR
A P P I . T C A T T O N IN FORESTRY

B. Koch, ». Foerster, I'. Ammer

l . e - h r s t u h l fuer l . andnu tzungsp lanung und Na tu r schu tz
I . u d w i g - M a x i m i 1 Jans -Univers i ty of M u n i c h

ABSTHACl '

Invest i^ations on airborne polarimetric ra-
dar rcnotc sensing data have been carried
out t<> eva 1 unt c- i t s use for the discrimi-
nation of forest, classes. Signature analy-
sis have been carried out, in reference to
different orientation angles. The results
shoue-d that I'-band is most effective to
differentiate between forests and agricul-
tural land. Ki t h i n the forest classes de-
cideous, pine Lu:U yiii'ucc stands have been
soporalod in certaiti h^nds and for certain
• •r i e i i t a t i on angl es .

years the use of po I ar imet r ic
1 sensing data for land applica-
ussed u i t h increasi ng intensity
nts l i k e SlU-C X-SAH i\ i I I pro-
ime pol ar imet r1 i c radar re-mote-
from space, objective of tile

MH has therefore to evaluate
o I ar iniet r i c radar remole sen-
- t lie d i s c r i m i n a t i o n of d i f-
t classes based on airborne da-
in <'-, i - and I'-band.

i c airborne radar image data
ssed during the M V-|,urope
1 lie fcrost te s t s i t e s south-
. I he f l i g h t has been carried
e I J t h in 1'"'I. The f l i g h t
north-south i\ i t h the v i e -
e n t e d east. I he f l i g h t a l t i -
feet and the incidence an-
to the U l K 1 runuay.

The data take was carried out in HH, HV, VH
and VV polarization. Based on these four
polarisations the orientation angle psi and
the ellipticity angle chi was calculated.

The pixel spacing is 6.6 in in range and
12.5 m in azimuth direction. The data have
been provided radiometrically calibrated in
stoke matrix format. The transformation of
the data from stoke matrix into greyvalues
was carried out with the program synthesize
vers ion 1.0.

•\ geometric rectification was applied to
the image data with RRDAS software. The
precision received was 1.5 pixels.

2.2 (!round Truth Data

(•'or 1 lie verification a digital forest map
was generated from forest inventory maps,
aerial photographs and field data. The po-
lygons delineated for the different forest
classes were retrieved from the digital
forest maps and matched to the radar image
data. The examination proved high correla-
t i o n between displayed features in the ra-
dar image and the corresponding polygon
1ines.

2 . '', Data evaluation

In a first step agricultural land was de-
lineated from forest land. Within the
forests the signatures of the classes
- sp ruce 1 t in i t i e r ,
- dec ideous t imher,
- pine pole,
- spruce p o l i - ,
- mixed spruce1/pine pole and
- mixed spruce 'decideous timber

have been analyzed. A l l mean values presen-
t i n g forest class signatures are based on
random sample of 1^O to 100 single points.
!-'or- the evaluation of the1 influence of ori-
e n t a t i o n angle1 on the.' data values the ang-
l e - uas modified in 30 degree steps, l-'or
cross-po I ar i xe-ei data this was carried out
a l t e r n a t e - for transmitter and receiver,
w i t h a fixed 90 degre-e cross angle as well
as a varying cross angle- of O, 30 and OO
degree-.

The Influence of the topography was neglec-
ted due1 to the- nearly plane test area.

<;<-rria:i space center, ' 'berid'af I- ! nhof on

e Cenca/
'992.

T o' (fie ' Space Yea' ce HeIO «' Munch Germany 30 March - i April 1992
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r t > - p < 1 1 nr i Z f - < i c i a t a compared to cross-po 1 ar i -
/ • • < ! d a t a .
Iheref'ore the more intense analysât ion on
the forest class signatures have been car-
ried out mainly on co-poln^ized data in
thirty degree steps as well as on two
cross-polarized data sets with the orienta-
tion angle 0/90 and 30/120.

3.2.1 Signature analysis on spruce and de-
c'ideous timber. The results of the signa-
ture analysât ions prove a high divergency
between spruce and decideous timber in all
three bands. This divergency is hardly in-
fluenced by the selected orientation ang-
les (Fig. 3).

i M I j . I

I

:::::::

3: Radar signatures of spruce (picea
abies) and decideous (mainly fagus
sylvatica) timber in C-, L- and P-
band for different orientation ang-
les

The co-polarized data of decideous stands
show based on the mean values no influence
of the polarization in all three bands. A
drop in greyvalues is displayed for cross-
polarized data with lowest values at 0/90.
The normal standard deviation is in the C-
and L-band for decideous timber higher than
for spruce timber, while in the P-band the
standard deviation is practically the same
for spruce and decideous timber.

The mean values for spruce show in the C-
band (Fig. 3) for co-polarized data practi-
cally no influence by the orientation angle.
For the cross-polarized data a drop in grey-
values is observed compareable to the de-
cideous stands, with lowest values at 0/90
and higher values for 30/120. In contrary
to the C-band in the L- and P-band (Fig. 3)
an influence of the orientation angle is
evident for co- and cross-polarized data.
For both wavelength the best seperability
is clearly displayed for the orientation
angles 0/0 and 150''15O respectively.

In the L-band the values are decreasing from
orientation angle 0/0 to 90/90 and the ivoryt
oeperabi lit;/ from decideous timber is recei-
ved with the latter orientation angle. In the
P-band the greyvalues also decrease with
changing orientation angle from 0/0 to
90/90, but the lowest values in P-band are
registered for the 60/60 and 120/120 po-
larisation respectively, while for the 90/
90 polarisation a local maximum is display-
ed. The increase of backseat ter for the
90/90 polarisation compared to the 60/60
orientation angle seems to be typical for
spruce signatures.

tn general is the divergency between spru-
ce and decideous timber in the P-band
the highest and this is also true for ori-
entation angles with relatively lower di-
vergency.

3.2.2. Signature analysis on pine pole and
spruce pole. The classes pine pole and
spruce pole show higher grevvalues for
spruce pole (Fig. 4). Best seperability is
displayed in C-band for copolarized data,
which rarely show any influence by the ori-
entation angle. The cross-polarized data
display in the C-band for both classes a
distinct drop in greyvalues witli the mini-
mum at 0/90 and elevated values at 30/120.
[•'or both polarizations is the seperabi 1 ity
ra t her 1ow.

A rather had discrimination is also re-
gistered in L-band (Fig. 'I) for co-as well
as cross-polarized data. The typical de-
crease in values from 0/0 to 90/90 orien-
tation observed for the spruce timber, was
also displayed for spruce pole and in sof-
ter form for the pine pole. The drop in
greyvalues at 0/90 and 30/120 was showed
similar to the C-band.

In the P-band (Fig. 'I) is like in the L-
band also an influence of the orientation
angle on the greyvalues displayed. For
spruce pole decreasing values from 0/0 to
60/60 and a slight increase to the 90/90
orientation is observed ror the co-polari-
zed data. For the cross polarized data
the course described for C- and L-band is
repeated. As registered fo" the C- and L-
band the greyvalues in the P-band for the
pine pole are also lower than for the spru-
ce pole, but the course of the orientation
dependent signature curve differs from
the curve course of spruce pole, due to
the fact, that the small local maximum at
90/90, as it is always displayed for spru-
ce stands, is missing. For the cross-po-
larized data the course of the signature
curve is analogous to the spruce pole. With-
in the picked orientation angles the best

divergency between spruce and pine pole
was achieved for 0/0 and 90/90 polarizati-
on .

The standard deviation was for both classes
in all bands and for all orientations re-
latively low and varied between 15 and 20
greyvalues.
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! ig. •'( : Hadnr signatures of pine (pinus syl-
vostris) and spruce (picea abies)
pôle in ('-, I.- and I'-band for dif-
férent orientation angles.

i. 2 . "S. Signature analysis on mixed decide-
ous-spruce and spruce-pine stands.The In-
vest igation on mixed deciaeous-spruce tim-
ber stands showed practically no di>'erj;ency
in curve shape and value height from pure
decideous timber in all three bands and all
investigated polarisat ions (Fig 5 ) • This
was true for a nearly even stand mixture,
what indicates, that dec-ideous trees have
compared to spruce a dominant influence on
the radar signal. More investigations are
needed to evaluate the relation between mix-
ture proportion and its influence on the ra-
dar backseattCT signal. For the mixed spru-
ce-pine pole stands the spruce was domina-
ting the signature. Similar to the mixed
decideous-spruce stands, this was true for
curve shape and ;otal height of values.

Fig. T: Radar signatures for mixed decide-
ous-spruce in C-, L- and P-band
for différent orientation angles

'}. 2 . !l. Comparison of the signatures from all
investigated forest classes. The signature
analysis proved that decideous stands al-
ways can be seperated from spruce and pine
stands in all three bands independent from
the orientation angle. Nevertheless it has
to be considered that in the 1.- and P-band
the quality of divergency is influenced by
the orientation angle (Fig. 6).

The- pine pole stands seperate best from the
other forest classes in the I'-band with best
results at 0/0 polarization while the O'9O
orientation provides no divergency from spru-
ce. In ('-band a discrimination between pine
polo and the other forest classes also seems
por.oible for co-polarized data, but not as
distinct as for some polarizations in the
P-band. The cross-polarized data in the C-
band are not helpful, In the L-band the so-
naration of the Dine pole clasp against the
other classes depends on the orientation
angle and in not possible for 6"/6O and 120/
120 respectively as well as 90/90 polariza-
tion and will be highly incorrect for cross-
polarized data (Fig. 6).
The two different age classes of spruce,
tinbpr- and pole, seem not separable in the
P-band, but might be discriminated for the
90/90 orientation in the L-band and for
copolarized C-band data (Fig. 6).
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Fig. 6: Radar signatures for different for-
est classes In C-, L- and P-band
with different orientation angles

'J . CONCLUSIONS

The investigations on airborne DC-8 polari-
metric radar image data in C-, L- and P-
band proved :

1. That the best divergency between agricul-
ture land and forests is achieved in the P-
band , independent from the orientation ang-
le. A relatively high seperability was also
proved for L-band, while in the C-band the
discrimination was restricted.

2. The divergency of forest classes differs
in each band, therefore the use of all
three bands in general increases the separa-
bility.

3. The ellipticity angle seems to have no
relevant influence on the separability
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1

') . The orientation angle is of relevanz for
the classification of forests and seems to
have most influence on the forest signa-
tures in L- and P-band.

5. For the separation of forest classes the
co-polarized data often seem more useful
than the cross-polarized data.

6. In L- and P-band spruce stands display
in reference to the orientation angle typi-
cal signature characteristics.

7. A separation of decideous and conifers
(pine, spruce) seems in any case possible,
pine and spruce stands showed good diver-
gency in C- and P-band, in the latter for
certain orientation angles. A delineation
of different age classes of spruce also
was achieved for certain polarizations in
the L- and C-band. For regeneration against
old stands a discrimination was possible
in all bands for certain polarizations.

These results are encouraging nevertheless
one has to be aware, that the handling of
image radar data is difficult, due to the
geometric and radiometric distortions and
the speckle effects.
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FOREST DECLINE MONITORING USING LANDSAT TM, DIGITAL STAND
DATA AND DEMs

Sam Ekstrand

Swedish Environmental Research Institute

ABSTRACT

The utilization of satellite data for forest decline assessment has
often been complicated by topographic effects and variations in
stund characteristics such as species composition and density.
The possibility to use DEMs and digitized stand data to reduce
this problem was investigated. Variations in the hardwood
component with 5% affected the accuracy of the Landsat TM
based defoliation estimation, as did variations in the pine
component with 12-15% and slope gradients as low as 4-5°.
Based on the results a spruce defoliation model that uses
slope/aspect data from elevation models and stand data from
digitized forest maps to account for the mentioned error sources
was developed. The resulting defoliation estimation was of
adequate accuracy. The amount of work needed to digitize
forest maps is considerable, but the method seems feasible on a
provincial scale.

Keywords: Landsat TM, forest decline, Norway spruce, DEM

As mentioned, the satellite based assessment of moderate
defoliation is complicated by factors like terrain effects, age and
variations in stand density and species composition. The spectral
effects of the defoliation are so subtle that the accuracy of an
assessment will be seriously affected by these factors. Supported
by the Swedish ISY program the possibility to use digital
elevation models and forest maps to reduce this problem was
investigated. The objective was to determine the spectral
contribution of each of the disturbing factors compared to the
spectral effect associated with defoliation, to develop a
correction model accounting for these factors and to determine
the defoliation assessment accuracy derived when using
elevation models from the Swedish Land Survey and forest
maps from the Swedish General Forest Inventory.

2. BACKGROUND

1. INTRODUCTION

Forest decline assessment have been the subject of numerous
remote sensing studies since the first European observations of
widespread damage in the early 1980s. Colour infrared airborne
photography are frequently used in operative inventories in
northern and central Europe (Refs. 1-3). and satellite studies
have suggested that Landsat TM is capable of mapping severe
forest decline (Refs. 4-6). The capability to detect slight or
moderate forest decline with Landsat TM have been subject for
discussion for some time. Although the relationship between
decline symptoms and spectral measurements seems to be
sufficiently strong, natural variations in species composition,
canopy closure and terrain conditions cause spectral variations
that obscures effects attributed to forest decline symptoms
(Refs. 7-9).

The forest decline in Sweden particularly affects Norway spruce
and the main visible symptom is defoliation (needle loss) in the
upper half of the crown. Discoloration is seldom found which is
a difference compared to the situation in central Europe. The
defoliation levels are light to moderate. The most affected
compartments generally have a mean needle loss of 35-40%.
The deposition of air pollutants is not as large in Sweden as in
central Europe, but the harder climate and the low buffering
capacity of the soils in makes the forest vitality more sensitive
to external disturbances.

Several authors have shown that the near infrared reflectance
(NIR) decreases with an elevated defoliation level (Refs. 7, 10,
11). For the visible and short-wave infrared (SWIR) regions the
results have been somewhat ambiguous, apparently depending
on the presence or absence of discoloration, i.e. chlorosis. With
spruce defoliation but no chlorosis Ekstrand (Réf. 7) found a
slightly decreased reflectance in the visible and SWIR Landsat
TM bands. Koch el al. (Ref 12) found the same tendency in
field experiments. Rock et al. (Ref. 13) also presented similar
results from field reflectance studies. The typical chlorosis
reflection effect have in other studies proved to be an increase in
the visible wavelengths and a reduced or unchanged reflectance
in the NIR (Refs. 4, 12, 14). Some authors have by field
measurements found that increasing the fraction of bark at the
expense of needle spectral contribution results in a visible
reflectance increase and a NIR reflectance decrease (Refs. I I ,
13). Consequently, spruce sites with very severe defoliation
should exhibit a spectral response similar to that of sites with
moderate defoliation and extensive chlorosis. This is supported
by results from Landsat TM studies in Poland with extremely
severe defoliation on Norway Spruce (Réf. 5), and by results
from Germany, also with high defoliation levels (Réf. 10)

A number of forest stand parameters have an influence on the
reflectance that is equivalent to or larger than the influence of
moderate defoliation. Leckte (Réf. 8) showed that variable

1
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spruce-fir or hardwood composition could result in confusion
between insect defoliation classes. Earlier studies within this
project (Réf. 7) implicated that the variation in the hardwood
component should be less than 5% and in the pine component
less than IfW to preserve a statistically strong relationship
between Landsat TM and moderate spruce defoliation levels.

The crown closure effect is variable but can sometimes be large
(Réf. 15). As conifer density increases from very sparse to
dense, reflectance decreases in visible wavelengths while NIR
reflectance first increases and then decreases, mainly due to
shadowing as the canopy closes (Réf. 16). SWIR reflectance
seems to be confounded by other effects (Réf. 16). In overall
more dense pine stands Danson (Réf. 17) presented an increase
in NIR reflectance wiih increasing amount of trees/hectare,
while mean canopy cover were not significantly correlated with
the SPOT data.

A third factor affecting the reflectance from forest stands is age.
The well-documented effect for spruce is an overall reflectance
decrease with increasing age (Refs. 12, 18). A complicating
factor is the sudden reduction in density due to the management
practice of stand thinning. In Sweden the final thinning of
spruce stands is carried out at the age of approximately 60 years
and the probable effect is a decrease in reflectance caused by a
higher percentage of shadow within the canopy.

Topographic effects have been a major obstacle to the utilization
of satellite data in areas with rugged terrain. Most of the studies
attempting to account for the terrain effect by modifying the
satellite recorded radiance values have used the cosine of the
solar incidence angle with a pixel's slope and orientation as
calculated from a digital elevation model (Refs. 19, 20).
However, with that method the authors found that the images
tended to be over-corrected. Civco (Réf. 21) found that the
cosine model was inadequate. To further reduce the topographic
effect an empirically-derived coefficient had to be employed.
Moreover, several studies have shown that different vegetation
types respond differently to direction and illumination effects
(Refs. 22, 23). This led to the conclusion that the wealth of field
data available should be used to develop a correction algorithm
specifically for spruce.

3. METHODS

3.1 General procedures

The general approach involved 1) field data gathering and
reference defoliation assessment using aerial photography. 2)
Statistical analysis of the relationship between satellite data and
defoliation. 3) Analysis of the spectral contribution of
disturbing factors and their effect on the defoliation relationship.
4) Development of a model accounting for these factors using
information from elevation models and digitized forest maps. 5)
Determination of the defoliation estimation accuracy in
operative inventories employing elevation models from the
Swedish Land Survey and forest maps from the Swedish
General forest Inventory.

3.2 Study area

A forest region in the county of Bohuslan at the southwest coast
of Sweden was selected for study. The area is characterized by

hilly terrain, often with steep slopes although the altitude
differences are not very large, usually not more than 70 metres.
Between the hillocks are flat, fine-grained sediments, Although
the forest decline symptoms are moderate compared to the
symptoms in some pans of central Europe, Bohuslan suffers
from higher levels of defoliation than other Swedish regions.
The comparatively high defoliation levels in the area are
generally attributed to long distance air pollutants together with
local emissions of sulphur dioxide, nitrogen oxides and
hydrocarbons.

The area is dominated by stands of Norway spruce (Picea abies)
with sometimes large components of Scotch Pine (Pinus
Sylvesiris) and mixed hardwood species. The forest is divided
into compartments of uniform age and species composition. The
compartments are well managed and the distribution of trees
within each stand is also relatively uniform. Most of the stands
are 2-10 ha in area, although some are as small as 0.3 ha.

Figure 1. Location of the study area

3.3 Field data and reference defoliation assessment

A total of 208 reference sites were selected and visited in field.
The parameters measured in field was age, basal area, volume,
crown closure, slope and aspect. Aerial photography was used to
determine defoliation, species composition and stems per
hectare. The size of the reference stands, 0.6 - 1.2 hectares, was
determined by the fact that larger stands with fairly
homogeneous density, slope/aspect and species distribution were
difficult to find.

The stanû _ge was to begin with measured by counting annual
rings on four representative trees in each stand. As the ability 10
estimate age by visual inspection was improved the need for
annual ring analyses was reduced. After 50 stands only
occasional controls were taken. Mean basal area, volume and
crown closure were determined using relascope and clinometer
in three to six plots in each stand, depending on the
homogeneity of the site. Slope and aspect were determined
using clinometer and compass. A number of stands had
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variations in slope/aspect within the stand and in those cases
several measurements were made, as well as area estimates for
each slope, resulting in site means for slope and aspect.

Determination of the defoliation on Norway spruce was
accomplished by interpretation of colour infrared (CIR) aerial
photography in the scale of 1:6000, obtained September 15,
1989. The sole symptom of forest decline was defoliation
(needle loss). No chlorosis was recorded in the aerial
photography or during the field work. All clearly
distinguishable trees in the 208 test areas, approximately
40 (HX), were defoliation assessed. Each spruce tree was assessed
to percent needle loss by photointerpretation and categorized
into one of five ICf!, classes (0-20%, 21-40% etc.). The
interpreter was calibrated to the annual national field survey
performed by the Faculty of Forestry, Swedish University of
Agricultural Sciences.The air photo estimation lied close to the
field estimation when calibration tested. The mean spruce
needle loss for each site was calculated by summing up the
number of trees in each category (e.g. 21-40%) and multiplying
them with the class midpoint, e.g. 30%. The sums from the five
categories were added up and divided by the total number of
trees, resulting in a mean needle loss for the site presented in
percent. Theoretically, the minimum needle loss was 10% and
the maximum 90%. The values for the 208 sites ranged from
13% to 37%.

3.4 Acquisition and processing of satellite data

l.andsat-5 TM imagery received at Esrange, Sweden, on 28
August 1989 was delivered on tapes by the Swedish Space
Corporation (SSC). The data was geometrically precision
corrected by SSC which included resampling of the data to 25
metre pixels. The at-satellite reflectance was calculated by the
equation defined by Markham and Barker (Réf. 24).

The Landsat TM scene registered on August 28, 1989, was
chosen based on earlier results within this project. Studies of
data from the summer of 1985 suggested that the spruce
defoliation was found to give a more distinct response in late
summer imagery than in mid summer data (Réf. 7). This is
presumably explained by an expanded defoliation range in
August-September, and by a sun elevation decline resulting in
shadowed understorey vegetation.

3.5 Analyses of spectral contributions of terrain and stand
parameters.

The mean reflectance was calculated for each reference stand
(10-12 pixels) and used in regression analyses of the
relationship between satellite data and forest parameters. When
a specific parameter was tested e.g. defoliation or hardwood
component, all other parameters were kept as fixed as possible
by choux- of reference sites included in the regression analysis.
Generally, 20-30 reference sites were used in the regression
analysis of each stand parameter. Through the derived
regression lines the spectral contribution of each parameter was
estimated. A model was developed that corrected for these
contributions and then estimated the mean defoliation in each
stand, '!lie model performance was evaluated by correlation

analysis of the predicted defoliation values versus the observed
reference values.

The large amount of reference sites available allowed the terrain
effects to be investigated the same way as the forest stand
parameters. Keeping the forest stand parameters fixed the effect
of increasing slope gradients in different aspect groups (0-20°,
21-40°, 41-60° ... 340-360° etc.) was studied. This was
accomplished by regression analyses of satellite data and
increasing slope gradient. The reference slope magnitudes were
between 0° and 21°.

3.6 Integration of elevation models and forest maps

At the moment the area covered by digitized forest maps is
20 000 hectares. This work is still going on and the aim is to
show that the method is applicable on a provincial level. The
work needed to digitize maps in the scale of 1:10 000 would
constitute a significant pan of a first time survey. However, in
follow-up surveys this cost is restricted to up-dating and
therefore low.

The forest maps were digitized, convened to raster imagery and
integrated as an information layer together with the satellite
data. Each forest type (e.g. 8/10 spruce 1/10 pine, 1/10
hardwood, 200-250 m-Vha), was assigned a specific grey level in
the raster image containing the forest maps. The digital
elevation models were purchased from the Swedish Land
Survey and convened to raster imagery in a similar way. The

resolution of the elevation data was 50 metres. The data were
zoomed to 25 metre pixels after which slope and aspect images
were calculated. This way, the elevation models matched the
Landsat TM imagery. Calculating slope and aspect after the
zoom meant that the terrain features were smoothed which
proved to be of significant importance when comparing the
result with the slope and aspect data recorded in field. In the
classification procedure all areas with a specified forest type and
slope/aspect were extracted from the forest maps and the DEM.
The correction for influence from the pine and hardwood
component, the density and the slope/aspect was accomplished
and the defoliation was estimated for these areas only. Forest
types with a spruce component down to 7/10 were processed.

4. RESULTS

The implications regarding the relationship between Landsat
TM and defoliation support the results from earlier studies
within this project. TM band 4 reflectance decreased distinctly
with defoliation (figure 2) while the other spectral bands were
not as clear in their response as in the data from 1985 (Ref 7),
probably depending on the somewhat narrower defoliation range
in 1989. The tendency for the visible and SWIR was a
statistically weak decrease except for TM band 2 that showed no
tre,- d at all. Earlier suggested algorithms, e.g. the ratios of TM
bands 5/4 and 4/3 (Refs. 8, 13) were tested but since none of
them improved the correlation coefficient of TM band 4, it was
concluded that only the reflectance of TM band 4 should be
used in the defoliation assessment (table 1). With slight and
moderate defoliation the relationship with the visible and SWIR
bands is weak and therefore the poor results of the earlier
suggested band ratios seems logical. i*i
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The influence of age on TM band 4 reflectance proved to be
large up to the age of approximately 65 years. From 70 years
and up the spectral effect was negligible.

Small changes in the species composition was found to disturb
the defoliation assessment in the 1985 data (Réf. 7). These
results were supported here. A hardwood component of 20% in
a compartment completely neutralized the effect of a 30%
needle loss. Frequent variations of 5% or more in the hardwood
component affected the assessment accuracy.
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Figure 2. Landsat TM band 4 versus spruce needle loss

The effect of variations in the pine component was considerably
lower but still significant. Variations of 12% had approximately
the same effect on TM band 4 reflectance as 5% hardwood
variations and therefore affected the accuracy, while variations
around 5% could be ignored. This meant that variations in the
species composition must be accounted for and that the method
tested here using digitized forest maps from the Swedish
General Forest Inventory should be adequate, since the division
of species composition in tenths theoretically gives a mean
deviation of ±2.5% from the midpoint in each group. However,
this error source was still one of the larger.

The density of compartments older than 70 years was found to
be relatively uniform throughout the study area. This is likely to
be the case almost everywhere in southern Sweden since the
forest areas are intensively managed. The crown closure in the
reference sites ranged from 40% to 65%. Within this range no
significant correlation was found between satellite data and
ground measured crown closure, nor between satellite data and

DGL

timber volume (nvVha). The onl) parameter associated to
density that gave a statistically significant correlation was stems
per hectare measured with aerial photography. This positive
correlation was relatively weak. Consequently, it was concluded
that excluding compartments with extreme density values using
the digitized forest maps would be a sufficient way to account
for the density factor.

Tible 1. Correlation coefficients and significance levi-!:>
for Landsat TM bands and indices versus needle loss

Spectral Band
or Index

TM 1
TM 2
TM 3
TM 4
TM 5
TM 7
TM 5/4
TM 4/3
TM 4/2

Correlation
Coefficient (r)

-0.33
0.19

-0.35
-0.75
-0.46
-0.34
0.06

-0.50
-0.75

Significance
Level

no sign.
no sign.
no sign.
0.001
0.05

no sign.
no sign.

0.05
0.001

Slope and aspect were the factors having the overall most
pronounced effect on the reflectivity. Based on the regression
analyses of TM band 4 and field measured slope in the different
aspect groups the effect of slope could be established in all
points of the compass (figure 3). The negative effect on north-
facing slopes was considerable, and the positive effect on slopes
facing the sun was even larger. As expected, slopes parallel to
the solar azimuth (with aspects around 62° and 242°) showed no
positive or negative effect. Figure 3 also confirms that for
spruce canopies it is inappropriate to generalize the aspects into
north and south-facing slopes, or even into north, east, south and
west. The spectral effect presented in figure 3 was linear in all
directions, which means that to calculate the effect of e.g. a 12"
slope in the direction of 40°, the spectral effect for that direction
in figure 3 is multiplied by 12. The applicability of this model is
restricted to a specific time of the year, but the model is more
accurate for the purpose than the earlier suggested "universal"
models. By investigation of satellite data from other dates the
applicability can easily be extended.

Using the results presented above, a model that accounted for
compartment specific variations in the disturbing factors by
modifying the TM band 4 reflectance was developed. In the last

REFLECTANCE

ORIENTATION

Figure 3. The effect of a 1* slope at different orientations. At 152° (sun position) the
effect is 0.325 DGLs. The effect was linear in all directions which meant that a 10"
slope at 152°caused an 3.25 DGL intensity increase.
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siep th : spruce defoliation was esiimaied. The verification of the
model was accomplished by regression analysis of estimaied
versus observed defoliation. 41 unused reference sites were
employed in the verification set. When employing "true"
im'onii ition about the disturbing factors (species composition,
slope/; spect etc.) from field measurements in the model the
ICMiIi-. were very good. Ine correlation coefficient Ot esiimaiui
versus observed defoliation was r = 0.77. Dividing the
defoliation into two classes, below and above 25% needle loss,
resulted in a classification accuracy of 85%.

The final results were acquired when information about the
disturbing factors were taken from the digitized forest maps and
the elevation model. The forest maps, being three to eight years
old and surveyed in field which sometimes makes it hard to
cover all pans of a compartmen', wer expected to bring new
error sources into the model. This was also the case with the
elevation model, mainly because of the rather coarse resolution -
50 metres, compared to the 25 metre re .,lution of the satellite
data.

The model accuracy was slightly weakened when employing the
forest map data instead of field measured "truth" for the
reference sites, and still more when the elevation model was
employed. However, the relationship between estimated and
observed defoliation was still strong, as can be seen in figure 4.
The weaker correlation coefficient was caused by a few sites
with large differences between estimation and observation,
mainly depending on the low resolution of the elevation model.
The overwhelming majority of the sites were located close to
the regression line. Consequently, a division of the defoliation
into two classes, below and above 25%, gave a classification
accuracy of 80%.
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Figure 4. Observed versus estimated spruce defoliation

5. CONCLLSIONS

Based on analysis of data from 1985 and 1989 defoliation
assessment using a single spectral band, Landsat TM band 4,
was found to give the best results. Variations of 5% magnitude
in the hardwood component affected the defoliation estimation
in a r.eg;»ive way, as did variations of 12-15% magnitude in the
pine component. The analyses also showed that slopes of 4-5°
had an effect on the accuracy. No band ratios sufficiently
compensated for the terrain effect.

The model designed to account for variations in terrain and
canopy characteristics using slope and aspect data from
elevation models and compartment data from digitized forest
maps yielded results of good accuracy. Division of the
defoliation into two classes, belcw and above 25% mean needle
loss, gave a classification accuracy of 80%. This constitutes a
successful separation of slight and moderate defoliation in
undulating terrain.

The amount of work needed to digitize forest maps on a scale of
1:10 0(X) means that a survey on a national scale might be
impracticable today. However, on a provincial level the method
is feasible. The digitizing work needed for a county like
Bohuslan (46(X) km2) is clearly possible to carry out within a
defoliation assessment project.
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SWEDISH FOREST INFORMATION ATLAS

M. Rosengren, L-E. Gustafsson, H. Ôsterlund

Swedish Space Corporation (SSC), Solna, Sweden

ABSTRACT

A Swedish Forest Information Atlas has been produced
by Swedish Space Corporation (SSC). The Atlas was
derived from a digital terrain type classification database
covering all of Sweden made by SSC Satellitbild and SSC.
This database includes 900 map files each covering an
area of 25x25 km with 50 m pixelsize.

46 Landsat TM and 12 SPOT scenes acquired 1988-90
were geocoded and classified, into 13 terrain type classes.
The statistical overall classification accuracy measured
was 78%, while merging into 8 more generalised classes
gave an overall accuracy of 84%.

The Swedish Forest Information Atlas was derived by
extracting the classes of the Atlas as "percentage images",
describing the percentage of 50 m pixels within a
50OxSOOm area.

The Forest Atlas comprises three forest classes extracted
from these "percentage images" - open and closed
coniferous forests, deciduous forest - as well as water,
urban and open areas. Additional cartographic elements
will be superimposed on this classification. The atlas will
be produced as printed maps and in digital format with
a pixelsize of 500 m.

Keywords: Digital classification, terrain type, land use,
Landsat TM, SPOT, forest atlas, mapping.

1. GENERAL

A digital terrain type database covering all of Sweden was
produced by SSC Satellitbild and SSC. A total of 900 map
sheets where produced, each covering an area of
25x25 km. The digital map database was produced
between February 1990 and July 1991. The average
processing throughput has been almost 1 complete
satellite scene per week.

The terrain type information was extracted from digital
satellite images by multispectral classification of Landsat
TM data, completed with SPOT-data.

The Swedish Forest Information Atlas was produced by
Swedish Space Corporation (SSC) as a derived product

from this extensive database. The aim has been to
produce an overview of the country of Sweden from
Landsat and SPOT, with the specific interest of the
Swedish forest.

2 INPUTDATA

The input data was digital satellite images and digital
map information. Aerial photos were interpreted to
acquire training data for the multispectral classification
and for verification of the final results. The pixel size of
the input data was 50 m. Satellite data primarily from
the vegetation seasons of 1988-90 were used.

Satellite data: Landsat TM and SPOT HRV.

Digital map data: "wetland/mires" and "urban areas".

Aerial photographs:Approximately 350 IR-false colour.

3 DATABASEDESCRIPTION

Each data file covers 25x25 km on the ground with 25x25
m resolution. The 900 map data files contain a total of
900 000 000 bytes of information.

The 13 terrain type classes present are listed below:

Water

Wetland/mires, wet type
Wetland/mires, dry type

Forest, dense coniferous
Forest, sparse coniferous
Forest, deciduous
Forest, brushland
Forest, new clearcuts

Built-up area, urban
Built-up area, other

Open land, rock outcrops
Open land, snow/ice
Open land, other

' c' r^e a/ Space Yea- Co-'erence HeW "- Munich Germany 30 March-4 April 7992
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The data was stored in a system-independent format with
a fixed record and block size. The files each include
1000x1000 pixels, with an introductory header record
containing auxiliary data such as the map sheet name
and corner coordinates, along with satellite scene
information, date of registration, map masks, date of
production, etc... All data is commercially available.

4 METHODOLOGY

4.1 Satellite data corrections

Because of the difficulty in achieving complete coverage
of Sweden with appropriate cloudfree Landsat TM data,
some data from SPOTl and SPOT2 were used.

Satellite data were geometrically precision corrected
(geocoded) to Swedish National Grid coordinates with
high geometrical accuracy. This was done from raw TM
and SPOT data (level O), in order to achieve high
geometrical accuracies. The coordinates of ground control
points were determined from maps at scales 1:20 000 or
1:10 000 and used for this purpose. The geocoding was
carried out on the precision correction production system
of SSC Satellitbild. The image data were resampled to
25 m pixel-size and oriented in north/south according to
the National Grid using cubic convolution interpolation.

4.2 Classification

A supervised Maximum Likelihood classification method
was used.

The important selection of reference areas was done by
producing a photographic colour film from each scene,
from which homogeneous areas to be covered by aerial
photographs were selected.

Once the aerial photos were interpreted, the reference
areas were interactively drawn on the digital satellite
image presented in colour on the monitor. Separability
tests were performed so that the most suitable reference
areas could be chosen. Test classifications were done both
on the reference areas and on separate map sheets,
aiming at adjusting the classification parameters. Having
controlled the tests against maps, aerial photos and direct
comparison with the satellite image, the final classifica-
tion of the satellite data was done.

4.3 Data mosaicing from several scenes

Map sheets completely covered by satellite data from one
scene were considered ready without further processing.

Mosaicing of classification data from several satellite
scenes was done on map files at the scene edge, not
covered with data from a single satellite scene. In
addition to this, clouds were removed by using data from
overlapping scenes.

5 VERIFICATION

The final verification of the terrain type classification was
performed within 4 flight paths covering separate parts
of the country, registered in spring and early summer
1991. Comparison evaluation of the satellite data
classification and independent interpretation of test areas
in the aerial photos was done.

Confusion matrixes were assembled by comparing the
satellite data classification results with a large number
of test areas in the interpreted aerial photos. In total 608
test areas from 92 aerial photos were treated.

Each test area was labelled to a class according to aerial
photo interpretation and in agreement with the decided
terrain types. The classification result for the corre-
sponding area was extracted. The compiled results for all
the areas were computed at three different levels of
generalisation.

In order to obtain a selection of random nature, the
reference areas were chosen by placing a 4x4 cm
patterned grid over the aerial photos. For some of the
terrain type classes the number of areas were not
sufficient when following the methodology, why a denser
grid was used.

Totally nearly 700 areas were interpreted at the detailed
level accounted for in the product. At the verification 608
of the interpreted areas were used. All areas homogenous
"within a terrain type" were included. For example even
areas with mixed young and old coniferous forest were
accepted as long as they were homogeneously dense. Also
areas that were at the limit between two classes were
included if they were homogenous. The areas that were
cancelled were not homogenous and could not be
attributed to any specific position in the confusion matrix.

Some problems occurred with the interpretation of the
aerial photos. Most of the photographs were taken early
in the year, before the leafing, why it in certain cases was
difficult to differentiate coniferous and deciduous forest.

5.1 Statistics from classification

The areas were localised and transferred directly to the
satellite image on the screen. In order to conserve
objectivity, the operator was not allowed to control the
terrain type until the point was localised on the screen.
Statistics over the pixels' class-belonging in each area
were produced out of the classed image. The class of the
area was decided from the majority of the pixels. If no
class covered more than 50% of the area's pixels, the area
was cancelled.

5.2 Verification results

The verification results are presented as confusion
matrixes. Along the diagonal of the matrix the areas that
are correctly interpreted and classed are found. In the
other positions are located the deviations between
interpretation and classification.
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Three different measurements of the classification
accuracy are given:

The total classification accuracy calculated as the
number of "correctly classed areas" / the total
number of areas.

Producer's accuracy; the percentage of interpreted
areas that were classed correctly.

User's accuracy: the percentage of the classed
areas in the product that were interpreted
correctly.

Also a calculation of "areal correctness" was calculated as
the number of classed areas / number of interpreted areas
for each class.

The total result is shown, on two levels of generalisation.
On the detailed level, all the classes are included in the
product except the two merged dense populated classes.
The other level is calculated by merging the statistics for
similar terrain types into 8 more generalized terrain
types.

1

Detailed level (BO of areas) Satellite data classification

Terrain type code

Aerial photo
interpretation

Water Sl
Wetland, wet 61

Wetland, dry 62

Conifer, dense 71
Conifer, sparse 72
Deciduous 73

Brushwood 74
New clcarcul 75
Urban 81+

Rocks 91

Snow/ice 92
Other open land 93
Sum classed

User's accuracy

Areal conccln.

51 61 62 71 72 73 74 75 81+ 91 92 93

109
0 1 3 1

3 3 1 1 2

1 111 20 1 1

1 4 3 6 1 9

1 6 12 49 1 7

5 10 1 1 2

1 7 1 3 3

1 5 2 9 7

1 1 18 2

O
1 1 2 1 1 1 4 1 1 1

103 O 8 129 89 62 2 16 35 19 O 145

100% - 38% 86% 40% 79% 50% 81% 83% 95% - 77%

100% 0% 80% 96% "5% 82% 11% 67% 83% 86% - 119%

Sum
of

areas

103
5
10

134
51
76
19
24
42

22

O

122

Acc-
uracy

100%
0%
30%

83%
71%
64%
5%
54%
69%

82%

-

91%

608 areas

Overall
accuracy:

78%

Merged level (no of areas) Satellite data classification

Terrain type code

Aerial photo
interpretation

Water 51
Wetland 60+

Conifer 71+

Deciduous 73

New clearcut 75

Urban 81+

Rocks 91

Open land 92+

Sum classed

User's accuracy

Aical conccln.

51 60+ 71+ 73 75 81+ 91 92+

103

4 6 1 1 3

2 171 1 1 10

1 23 60 1 1 9

8 13 3

6 29 7

1 1 18 2

1 3 2 1 4 1 1 1

103 8 218 64 16 35 19 145

100% 50% 78% 94% 81% 83% 95% 77%

100% 53% 118% 67% 67% 83% 86% 119%

Sum
of

areas

103
15

185

95

24

42

22

145

Acc-
uracy

100%
27%

92%

63%

54%

69%

82%

91%

608 areas

Overall
accuracy:

84%
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6. THE FOREST ATLAS

The Swedish Forest Atlas was derived from the digital
terrain type database covering Sweden. The purpose of
the Forest Atlas was to give an "instant" image of the
forest of Sweden as seen from satellite. This work was
initiated as a part of the Swedish ISY activities.

The aim was to give an example of the use of digital
satellite data for regional or national forest inventories
and the possibility to give a thematic overview of a whole
country. This could be done by a marginal additional
processing added to the extensive work of carrying out the
digital classification of almost 60 satellite scenes.

From the terrain type database, having a 50 m pixelsize,
"percentage" images were calculated using a filtering
technique. For each terrain type class, an image giving
the proportional coverage of the class within an area of
500x500 m was produced. These percentage images for
each class constitute the digital Forest Atlas database.
When using the Atlas in as input in digital processing or
when integrating it into GIS, the 500 m pixelsized
"percentage" images of the original 13 terrain type
classes.

The "percentage images" of the forest classes, water, and
urban areas were also used to produce a thematic map
for printing. This overview map shows the forested land,
dominating forest type and forest "density" of the whole
country of Sweden.

The classes derived in the map are:

>50%
20 - 50%
>20%
>30%
>35

coniferous forest
coniferous forest
deciduous forest
water
urban area
open land
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OBSERVATION OF FOREST DAMAGES IN THE HARZ MOUNTAINS BY MEANS OF

SATELLITE REMOTE SENSING

Prof. Dr. Kenneweg, Dr. M. Schardt and H. Sagischewski

TU Berlin, Department of Landscape Planning, Landscape Management and Nature Conservation, Germany

1

Abstract/Resume

In contrast Io field sampling methods satellite dali allow a complete pixel-

by-pixel covering auesinwnt on the state of the vegetation, even

including the so-called "Neuanige Waldschiden* area». Definitions and

graduations of the subject 'forest damage* have to be meaningful to the

user.
From the results of signature analyses and of previous classifications the

necessity Io integrate auxiliary information by means of a CIS could be

deduced. Digital terrain model, forest planning data and soil maps are

particularly useful for this purpose.

In addition to the LANDSAT-TM data intensive field-work and the

interpretation of color infrared photos are needed as ground truth for

control areas representing damage classes, stand parameters and

topographic influences on illumination

control of accuracy of classification results
Data, methods and resulting maps and tables are discussed. Change
detection ("monitoring*) is a matter of increasing importance, and this

requires absolutely precise methods for geometrical and radiometrical

correction of satellite data.

Keywords/Mots-Cles: Forest Damage; LANDSAT-TM; GIS;

monitoring.

2. Background

Most of the earlier attempts of forest damage inventories
based on satellite data had to be restricted to very severe
damage types which are characterized by more or less
complete destruction of the crown canopy. Change
detection based on analyses of multi-date imagery has
proved to be a successful method for this task. In most
cases, however, forest decline assessment programmes have
to be applied with forest damage types which are
characterized by more or less severe damage symptoms
such as discoloration or loss of foliage only affecting part
of the trees in respective forest stands, but in general still
keeping the stand structure as such. It is more difficult to
define and to identify these less severe damage types by
means of satellite remote sensing. Only in pure stands
successful classification of these damage types can be
expected (in mixed stands spectral characteristics to be
analyzed show too much variation due to local differences
in stand structure). (FORSTER, 1989, KENNEWEG et al.,
1991)

New remote sensing technology must be sufficiently high-
developed to compete with inventory methods in the field
of forest damage assessment, such as sampling and
evaluation of ordinary aerial photography. As remote
sensing always has to be considered as an integrated tool
within a comprehensive design of inventory and planning
procedures, different levels and steps of these procedures
have to be checked and discussed separately in order to
meet the requirements mentioned above. CIS-approaches
are necessary for gaining a maximum of information from
remote sensing data.

There is also the necessity for monitoring the development
of vegetation according to changing in its spatial
distribution and its state of vitality. This aspect becomes
more and more important in view of the "Neuartige
Waldschaden". Satellite data for land use applications were
acquired since 1972 (start of Landsat 1) till now (Landsat
S, Thematic Mapper data). From there satellite remote
sensing is a suitable instrument for the purpose of
monitoring changes of vegetation.

The most important problems to be solved before remote
sensing may be recommended for unlimited operational
application for the purposes mentioned above are:

-high precision geometric corrections (particularly as a
condition for change detection and classifications using
multitemporal datasels) (ERHARDT, 1990)

-correction of atmospheric influence on the spectral
signatures (also condition for change detection)

-development of standard procedures for multi-data and
multi-sensor approaches to stand type and tree species
classification

-transformation of inventory results gained by remote
sensing methods into definitions the practical forestry is
able to work with. This problem appears to be most
serious; it indicates a still existing gap between
technological promises and practical acceptance caused by
difficulties of the adaption process which présents « lot of
scientific challenges.

Prcceeargs o- the Central Syr-posium of the international Space Year Conterence Held >
<ESA SP 34' JiA '992!

Munich Germany 30 March-4 April 1992
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3. Objectives

The location of the test area "Harz Mountains" is shown in
Fig. I.

of satellite remote sensing and the requirements of the
forest department on forest damage inventories. Remote
sensing means measurement of spectral signatures. Spectral
signatures of forests are mainly influenced by the amount
of needle biomass per pixel; in damaged forest stands this

parameter results
both from stand
density (crown
closure) and the
average degree of
defoliation of the
remaining trees.
Stand density as a
(possible) damage
symptom is neglected
by ICP-Forest amd
similar estimation
methods, whereas
with remote sensing
methods it can be
taken into account.

The following matrix
illustrates the new
definition of damage
classes resulting from
different stages of
defoliation (x-axis) as
well as from different
stages of
deforestation (y-axis),
which can both be
integrated by one
picture element.

The test site Harz is located between Hannover and
Magdeburg. The main tree species of the test site are spruce
(picea abies) occuring in the higher regions of the Harz
Mountains and beech (fagus sylvatica) growing in the lower
parts. The area size is about 80.000 ha.

Pure stands of Norway Spruce (Picea abies) are the most
frequent result of former silviculture in the former mining
area of the Harz mountains. Today these stands show a
variety of forest decline symptoms ranking from almost no
injuries to most severe damages. Single trees can be
assigned to certain "crown condition categories" according
to estimated loss of foliage, occurrence of discolaration
symptoms and to branching habits, either by field work or
by standard interpretation of large-scale color-infrared
aerial photography (STOCK. 1988):

Picture elements (pixels) and, secondarily, forest stands
may be assigned to "stand-condition categories" according
to their respective composition of different crown-condition
categories like defoliation and deforestation.

In the project a new definition of forest damage classes will
be performed which corresponds both to the requirements

Crown closure
in percent
(average crown
closure)

I
\ /\ /
91-100%

75-90%

51-75*

26-50%

0-25«

Defoliation

CO

DO

Dl

D2

03

D4

Cl

Dl

D2

D2

D3

D4

C2

D2

D2

D3

D3

D4

C3

D2

D3

D3

04

04

Classification of defoliation (x-axis)

Satellite classifications of forest damage cannot give any
information on different defoliation stages because on the
smallest picture elements with a spatial resolution of 30m *
30m only an integrated information on approximately 10 to

, V
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SO tress can be perceived, but not a single tree. Because of
the heterogeneous spatial distribution of defoliation stages
most of the pixels integrate trees belonging to different
defoliation classes. Therefore these stages must be assigned
by categories according to their respective portion of
strongly damaged trees.

Strongly damaged treer, are defined as crown condition
classes belonging to the categories S2, S3 and S4 in
accordance Io the- common damage class definition
established by the working group of aerial photo
interpretation (AFL, 1988, or VDI, 1990):

50 = O - 10 % needle loss
51 = 11 -25 % needle loss
52 = 26 - 60 % needle loss
53 = 61 -90 % neddleloss
54 = dead tree

The new defoliation categories
which better meet the conditions
of the spatial resolution of
satellite images can be defined as
follows:

CO = O - 10 % strongly
damaged trees (S2-S4)

Cl = 11 -33 % strongly
damaged trees (S2-S4)

C2 = 34 - 66 % strongly
damaged trees (S2-S4)

C3 = 67 - 100% strongly
damaged trees (S2-S4)

The defoliation of whole stands
can be calculated from its
composition of differently
classified pixel.

Example:

A certain forest stand with a size
of 4,5 ha is composed of 10
pixels CO, 20 pixels Cl, IS
pixels C2 and 5 pixels C3, its
resulting average stand condition
caused by defoliation of single
trees amounts to

Classification of deforestation

Deforestation which is associated with decreasing crown-
closure can be defined as the percentage of missing trees. In
the matrix shown above, 5 different deforestation
categories are defined. The first category (0-10% missing
trees) represents dense stands, the last category (76-100%
missing trees) represents very strongly and totally
deforestated stands. The resulting stand condition
categories (DO-D4) are calculated by the total needle loss of
a stand which is the sum of defoliation of single trees as
well as of missing trees.
DO = < 11 % needle loss + missing trees
Dl = 11- 25 % needle loss + missing trees
D2 = 26 - 50 % needle loss + missing trees
D3 = 51 - 75 % needle loss + missing trees
D4 = > 75 % needle loss + missing trees
Figure 2, 3, 4 and 5 demonstrate 4 forest stands
representing different stages of deforestation.

10*5 + 20*22+ 15*50 + 5*83.5

50
= 33.15 %.

For verification, this value can be directly compared with
resuUs from aerial photo interpretation or from field
surveys on the level of forest stands. Precondition for this
calculation is the normal distribution of defoliation classes
(S2-S4) within the categories CO-C3.

Figure 2: dense stand (crown closure = 100%)
Figure 3: about 40 % missing trees (crown closure = 60%)
Figure 4: about 70 % missing trees (crown closure - 30%)
Figure 5: totally deforestated stand (crown cl. nearly 0%)

The practical applicability of this new damage class
definition, which takes the possibilities of damage
classification by means of satellite imagery into
consideration, has to be investigated in this project.
Classifications in a smaller area of the Harz Mountains
("Ackerbruchberg area") showed that Thematic Mapper is a
suitable instrument to classify the above mentioned
deforestation classes. Nevertheless ancillary data such as
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digitized forest management plans or other maps providing
information about the actual forest distribution are needed
for a decision whether or not stand density has Io be
regarded as damage symptom, since low stand density may
also be the result of silvicultural treatment of forest stands.

The advantages of this new class definition would be:

As in former forest damage inventories, the
important information of needle loss of single trees
in terms of the portions of the different damage
classes (S2-S4) will be integrated.

The very important information of the stand density
which indicates the stability of a stand will also be
considered. For a correct interpretation of these new
damage classes, knowledge of the classified area
must be integrated, or digitized forest maps must be
superimposed on the classification results in order to
know in what stale the stand should have been.

The picture elements of the satellite data integrates
trees (more or less damaged) as well as shadow in
less deforestated stands or ground information in
stands with a decreased crown density. Therefore
this new class definition is more adequate to (he
signal which is measured by the sensor.

4. Methods. Approach

A. Thematic Mapper and MSS-dala

Thematic Mapper and MSS-data of different years are used
for the forest damage inventory and monitoring. For this
purpose existing methods for radiometrical correction are
proved or improved if possible. (KATTENBORN, 1991)

B. Field work

Field work was obtained for altogether 300 training areas
to evaluate stand parameters like ground vegetation, nature
regeneration and natural age classes of a stand. The training
areas are representative for different illuminations, slope
and aspect conditions, bights as well as the above
mentioned damage classes and natural age classes occurring
in the Harz Mountains;

C. Aerial photo interpretation

Aerial infrared photos were taken for small and
representative areas of the Harz Mountains. They are
necessary to bridge the gap between ground and satellite
images. Aerial photos are used to estimate the crown
closure, percentage of strongly damaged trees and the
presence of cones. Furthermore the deliniation of Ira'ning
and verification areas in the satellite image is very di.iicult
without taking aerial photos into account.

D. GIS

From the results of the signature analyses and former
classifications it could be deducted that a distinctive
mapping of forest disease needs integration of auxiliary
information. Therefore a CIS is established, which
integrates digitized forest management plans and a digital
terrain model. To evaluate the influence of soil moisture
and other soil-parameters on the reflection of spruce stands,
also soil maps of a limited area will be digitized. (KEIL et
al., 1990)

E. Digital terrain model

A digital terrain model (Fig. 6) is available to eliminate
the negative influence of topographical parameters such as
illumination due to slope and aspect and hight above sea-
level on the reflection of forest stands. (SCHARDT, 1990)

Fig. 6: Digital terrain model

S. Products. Deliverable;. Expected results

GIS containing digital terrain data, digitized forest
management plans for the complete western Harz
and digitized soil maps for higher areas of the Harz
Maps showing the spatial distribution of forest
damage on a scale of 1 : 50.000 superimposed with
digitized management or/and soil
maps (Fig. 7)
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Fig. 7: Example of a Landsat-TM forest damage map, superimposed with digitized
management map

D. CIS

The forest management plans
(about 70 single map sheets
and 20.000 stands) were
digitized using Arc-Info.
The geometrical correction
and mosaicking of single
map sheets is carried out in
early 1992.

As attribute data the digital
stand description of the
forest administration could
be used. The attribute data
containing about 100
different stand parameters
are prepared due to the
requirements of satellite
classifications and linked to
the digitized forest
management plans.

E. DTM

Forest damage statistics for the whole area as well as
in
dependence on topographical parameters and soil
types
Monitoring of the development of the forest damage
from 1975 to 1991.
Operational methods for the classification of forest
damages

6. Activities/Tasks

The task of the project is the classification of the damaged
spruce stands using satellite remote sensing.

. rom the beginning of the project (Oct. 1990) until now
the following tasks have been carried out.

A. Thematic Mapper and MSS-JaIa

Thematic Mapper data of the years 1984, 1986, 1987,
1989, 1991 were geometrically corrected into Gauss-
Krflger coordinates using the pass point method.

B. Field work

Altogether 300 stands were checked in the field due to their
applicability as training areas for the computer
classification.

C. Aerial photography

The evaluation of the stand parameters crown closure and
percental distribution of damage classes according to
defoliation of single trees using aerial infrared images is
performed in early 1992 for the stands which are already
checked in the field.

The digital terrain model is geometrically adapted and
superimposed to the satellite data. The topographic
parameters, slope and aspect, are calculated from the
elevation values provided by the DTM for illumination
models. The spatial differences between the DTM and the
satellite data amount to about IS meters which is highly
satisfactory for classification purposes.

F. Implementation of hard- and software

The digital image processing system ERDAS, the
geographical information system ARC-Info and the
statistical analyses system SAS were implemented on the
PC-DOS and SUN-Unix computer systems.
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TOWARD A SATELLITE BASED CROP INFORMATION SYSTEM IN HUNGARY

Gâbor Csornai

FOMI, Remote Sensing Centre, Budapest, Hungary

ABSTRACT

Landsat TM based crop area estimation methods have been
validated on a complex 1.7 million hectares, three counties
sample (19%) in Hungary. In the stratification and sampling
design procedures historical production data were utilized. The
area estimates for the major crops were very good, using
satellite data. The expansion to the whole country using
historical regression is remarkable. The approach seems to be
adéquat^ in the future national crop information system.

Keywords: Landsat, crop assessment, crop area estimation

1. INTRODUCTION

In Hungary, where 50% of the whole area is cropland, the
monitoring of the major crops is very important. Parallel to the
change in the agricultural system, the traditional Information
collection system that was based on the obligatory reports of
state or cooperative farms, has also to be substituted by an
entirely new system, similar to that of the European
Community. In the same time, the farm holdings, the size of
the parcels tend to decrease, the heterogeneity in the crop
pattern and the variety of the applied agrotechnic tend to
grow.

In the Hungarian Agricultural Remote Sensing Program gradual
improvements of the R+D results have justified our approach
in two basic areas: in crop survey, area estimation and yield
modelling. After having the basic image processing methods
and systems developed, the first crop mapping feasibility
studies covered some thousands hectares to 100,000 hectares
of a fairly uniform land system (Réf. 1).

The thorough in site calibration proved that most of the
"misclassifications" came from really existing problem spots
within the fields (Réf. 2). Because of the large fields, Landsat
MSS mono and multitemporal data could be used successfully
for crop area estimation and yield modelling. For a complex
area of a county (Hajdu-Bihar - 0.6 million hectares) a
bitemporal Landsat MSS data set was good enough to provide
area estimations, close to those of the Central Statistical
Office, Hungary (CSOH) with the difference range of 2-5
percent for the major crops (Refs. 4, 5). Two methods that
utilize the individual fields boundaries in classification were
also developed and evaluated as very promising and
extendable. They both provided 8-12% 'increase in percent
correct classification (Refs. 3, 6, 7).

We also built and studied some purely remote sensing yield
models for wheat and corn to complement the agromet
models. The yield models were evaluated (Réf. 9) on a
remarkable sample of fields (300 of each crop).

Because of the foreseen rapid decrease in the size of fields in
medium term, in the 1990 major project for three counties crop
survey summarized here, a monotemporal Landsat TM data
set was used.

2. MATERIALS AND METHODS

2.1. Description of the area

The study area is on the Hungarian Great Plain comprising
three neighbouring counties (Fig.1.). The roughly 1.7 million
hectares area, covers 19 percent of Hungary and is in the
order of the test areas used in the European MARS program
(Monitoring the Agriculture by Remote Sensing) (Réf. 10).

Rgure 1. The location of the three counties region in Hungary

vct?ea "ss c' :'~e CeT'ai S/^pos-u"1 o' t^e Inre'iationa/ Space Yea' Ccn'e'ence HeIa m Mur ch German^. 30 March-4 April 1992
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A study had been done in which the correlations of the
different crop areas and yields in the 19 individual counties to
those of the whole country were studied, using a 30 years time
series of data. The group of the selected three counties
differed significantly (R' = 0.75 for wheat area, R' = 0.92 for
corn area) from the best correlating 3 tuples. There have also
been a lot of historical reference data for one of the three
counties, Hajdu-Bihar. As CSOH statistical data are available
at county level, these were the areal units in the area
assessment.

2.2. Satellite and reference data

Though not very feasible to the Hungarian crop calendar, July
1, July 8,1987 Landsat TM scenes were selected that covered
the whole area. A parallel study on the meteorological history
in 1987 and crop condition revealed that in this particular year
the maturation of cereals delayed what made the crop
discrimination even more difficult.

For one of the three counties (Hajdu-Bihar) the reference data
availability was far beyond that can be expected in operational
environment. For almost 80% of the whole crop area, detailed
field level records had been collected. In the rest two counties
(Békés, Szolnok) only the previously selected strata were
sampled and the necessary data collected by staff of the
project from 15-15 farms in each county. Topographic and
agro-topographic maps at the scale 1:10,000, 1:25,000 and
1:100,000 were widely used.

2.3. Data processing

From the complete data processing and interpretation
procedure only the main steps are highlighted here.

2.3.1. Stratification and sampling

The stratification and sampling procedure were altered to that
had been used earlier (Réf. <). Not only the maps of soils and
land system plus the satellite image were used to delineate
strata, but the further systematic approach was pursued to
select representative farms and groups of fields. Altogether 23
strata were selected in the three counties. In this step a ten
years data series of the crop areas, the yields and the
pro Auction efficiency statistics of the individual farms were
used. A complex model evaluation was used to select those
farms best representing the whole stratum. After a thorough
review of satellite data the individual fields were selected and
digitized into the GIS system, where the whole reference data
set was maintained afterwards. The reference data were
divided into two subsets for training and test.

2.3.2. Image processing

The images were geometrically rectified to match the
Hungarian map projection system and processed by stratum
successively. The processing steps were basically the same as
in the earliest studies (Réf. 1) or in the one county crop survey
(Réf. 4). In the training phase, the clustering resulted about 40
clusters in the strata. The assignment of clusters to user's
categories was especially difficult because of the spectral
confusion between categories. After training the maximum
likelihood classifier based on the mixture distribution user's
classes assumption, classifications were done separately for
strata. Characteristic misclassifications were rather high
compared to multitemporal Landsat MSS data set (Table 1.).

The mlsclassifled areas came mostly from In field
inhomogeneities, rather than false classification of entire fields.

Table 1. Misclassification table for a sample of "Hajdûsàg"
stratum

Crop Wheat Barl. CornS.beet AIf. Past.PeasB.soilUncI

W.wheat 26366 141 1366 15 58 51 4 321 12
Wbarley 221 1063 94 2 8 31 3 20 14
Corn 815 10229578 46 180 313 O 519 14
Sugar-beet 127 14 70510818 218 51 305 30 17
Alfalfa 62 156 520 162987 378 2 230 O
Pasture 71 118 92 2 272869 O 91 1
Peas 34 28 194 2220 20 651550 41 27

2.3.3. Derivation of area estimations

The use of per pixel misclassification is somewhat stricter for
area derivation than the regression estimation that is widely
used. We decided to follow an approach in which derivation of
crop area statistics from raw image classification data plus
misclassification table were achieved in each stratum. Some
other practically constant historical land use statistics were also
used as constraints: e.g. area of cropland, water bodies,
woodland, settlements, permanent pasture, wlneyards,
orchards, horticulture. Based on the empirical misclassification
tables all the raw area figures were corrected taking into
account the area constraints above. This procedure was done
successively for the different strata and summarized by county.

3. EXPERIMENTS WITH CORN, WHEAT YIELD MODELS

Remote sensing yield models were built and evaluated (Réf. 8)
using a Landsat time series. The models use the physically
normalized (atmosphere, sun-angle) registered data set and
derived temporal profiles of some vegetation indices.

The yields are estimated by the weighted sum (integral) of the
temporal profiles. Even the best models had smaller R2 (0.5-
0.8) in single field's yield estimation. For a hundred thousand
hectare area or bigger, the model predicted values were 1%
close to the ground truth. The integration of NOAA AVHRR
data into the time series is being studied.

4. RESULTS, DISCUSSION OF THE CROP SURVEY

The CSOH has been responsible for providing national
statistics to the government and different institutions. As the
obligatory farm reports were summarized and filtered at the
county level by a staff, being very experienced in field
inspection plus historical values, these statistics were claimed
as fairly accurate and reliable primarily when integrated for
counties and the whole country. In addition, the National Office
for Lands and Mapping (NOLM) of the Ministry of Agriculture
has been responsible for providing the area records of land
use categories. These data originally come from geodetic
survey and cadastre, that is why they are also reliable.
Nevertheless, the CSOH data is the major data to which to
compare our results at county level. (Besides, several thorough
per field and farm checks have been done to assess the
performance of satellite image based classification and crop
area assessment (Refs. 1, 2).

\W '
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Table 2, Area estimation results for the 1.7 million hectares
subregion

Crop CSOH Rem. sensing Difference Difference
categories estimation estimation (hectare) (%)

(hectare) (hectare)

Winter wheat
Rye
Rice
Winter barley
Spring barley
Oats
Corn
Peas
Sugar-beet
Sunflower
Soybeans
Alfalfa
Corn for silage
Potatoes

348895
6673

11482
7907

10428
2961

279104
18633
50185
84015
12712

104540
58905
5846

374172
7155

12735
8305

11301
3130

271314
21326
59048

102841
18100

147363
56903

5351

25277
482

1253

398
873
169

-7790
2693
8863

18876
5388

42823
-2002

495

7.2
7.2

10.9

5.0
8.4
5.7
2.8

14.4

17.7

22.5

42.4

41.0

3.4
8.5

The main results for the three counties are summarized in
Table 2. The results are somewhat different for the counties
although they have some common characteristics. Despite of
the many crops in the table there have been not enough effort
to understand and resolve the misclassification tendency of
classes. These problems were primarily inherent to the
sparsely distributed crop classes, while the major crops were
assessed accurately enough.

Using the results of the correlation study (see 2.1.), as an
indication, a rough expansion of area estimation was done for
the wheat and corn area of Hungary (Table 3.). Although the
coefficient of determination of these three counties was only
R' =0.74 in the 30 years data series, the small difference of
remote sensing estimate and CSOH data is still remarkable.

Table 3. Wheat and corn area estimates for Hungary based
on remote sensing estimates of three counties

Crop

1.
CSOH
estimates
(ha)

2.
Regression
expansion
using CSOH
county est.

3.
Diff.of
col.2-1

4. 5.

Wheat 1317999 1303431

Corn 1108383 1176622

-1.1

Regression Diff.of
expansion col.4-1
using RS (%)
estimates

1400540 +6.3

+5.2 1182220 +5.7

5. CONCLUSIONS

The particular importance of agriculture in Hungary is a
challenge for remote sensing research and development to
respond to the needs adequately in terms of accuracies,
reliability and efficiency of crop area estimation, development
assessment and yield prediction. Landsat TM seems to be
adequate to these tasks even within the evolving changes in
the Hungarian agriculture. This study clearly indicated the
potential of monotemporal Landsat TM data for crop area
assessment, however, there are some problems left to be
resolved. After the better understanding of the discrimination
of the minor crop classes, the main problem will probably be
the stratification and sampling design. The extension of the
methods to other areas and growing seasons is supposed to

be relatively easy as well as the adaption of method» to
multitemporal images.
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REMOTE SENSING OF LAND RESOURCE MANAGEMENT IN AGRICULTURE
WITH REGARD TO ITS INFLUENCE ON THE ENVIRONMENT

K. Dockter and W. !Cuhbauch

Institut fur Pflanzenbau, Lehrstuhl fur Allgemeinen Pflanzenbau
University of Bonn, Katzenburgweg 5, D-5300 Bonn 1

ABSTRACT

Within the global ecosystem land management for agri-
cultural purposes play an important role. Crop species
identification and estimation of crop status, performed
by remote sensing, enable analysts to assess the inten-
sity level of land use. This information can be used to
evaluate the influence of agricultural practices on the
earth's ecosystem. Furthermore, remote sensing may
help to control the extensification of today's high input
farming. Satellite images reliably show crop rotation
systems to comprise a high percentage of cereals.
Nitrogen-fertilization level can be monitored by remote
sensing looking at the wavelength shift of the red edge
inflection point. This is demonstrated for sugar beet
and natural grassland. Both, monoculture and intensive
nitrogen-fertilization lead to serious environmental
problems and need to be monitored, as the protection
of the natural resources becomes more and more im-
portant.

Keywords: remote sensing, crop species, crop status,
N-fertilization, plant vitality, environment.

^. INTRODUCTION

In recent years one of the most important problems
faced by earth scientists has been to understand the
earth system on a global scale. In order to evaluate the
individual elements of the terrestrial environment and
their interactions, earth observation techniques integra-
ted in a multidisciplinary way are required. With satel-
lite remote sensing permanent information is obtained
about status and change of the environment, its physi-
cal, biological and chemical processes and the way
they are influenced by human activities.

Within the global ecosystem land management for agri-
cultural purposes play an important role. The intensity
level of land use depends on the crop species cultiva-
ted and the related type of crop management.

Crop species identification and estimation of crop
status can be performed by remote sensing (Fig. 1).
Additionally, informations such as the location of the
agricultural area, crop rotation practices and duration

of soil cover are provided. Remotely sensed data about
crop status indicate, for example, the application level
of nitrogen fertilizer or pesticides. These informations,
in some cases combined with non remote sensing data,
enable analysts to assess the intensity level of land
use.

-| remote sensing

conventional information tools
(i.e. agrostatistics, weather data!

crop specii*

• location
• crop rotation
• duration of soil cover

crop statu»

depending on agricultural
practices like:

- nitrogen fertilization
- pesticide application
- herbicide application
- soil treatment
- irrigation

Identification of
intensity level of land use

Fig 1: Remote sensing for monitoring the intensity level
of land use

The purpose of this paper is to describe the capability
of remote sensing techniques for monitoring agricultu-
ral land management. The influence of today's inten-
sive high input farming on the environment is dis-
cussed.

2. MONITORING CROP SPECIES

2.1 Satellite imagery in remote sensing
Figure 2 shows a LANÛSAT-5 Thematic Mapper (TMJ
satellite image of the Kfiln-Aachener-Bucht recorded on
August 1st, 1988. The image covers an agricultural
area of about 60 km1, located west of Bonn, which
was selected as remote sensing test site of the Institut
fur Pflanzenbau.

Proceedings ol the Central Symposium of the 'Internationa/ Space Year' Conference, Held in Munich, Germany. 30 March-4 April 7992
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Fjg. 2: Agricultural test site located
near Bonn as represented on
LANDSAT-5 TM satellite image;
features classified are visualized
using different grey values : light
grey = cereals; dark grey = sugar
beet or beans; black = forest, tree
stands and settlement, white =
roads and other

2.1.1 Analysis procedure. Spectral bands 1 to 5 and 7
were analyzed yielding reflectance data in the optical
region with a geometric resolution of 30*30 m2

(1 = 0,45-0,52; 2 = 0,52-0,60; 3 = 0,63-0,69; 4 = 0,76-
0,90; 5= 1,55-1,75; 7 =2,08-2,35//m).

Using ground truth data, training and validation fields
for major land cover types were interactively classified
on the satellite image. The reflectance values of these
training fields were applied to the full scene as refe-
rence base to classification. First, the reflectance data
of fields with unknown cover were transformed using
a principal component analysis; this procedure reduces
the redundancy of data and thus the time for data pro-
cessing; furthermore the formation of the different
clusters belonging to the same class is improved. In the
succeeding step, all of the pixels for each cover type
were processed through a supervised maximum likeli-
hood classificator.

2.1.2 Classification of land use. Percentage of correct
classification was calculated with relation to validation
fields. 84% to 99% of defined pixels, depending on
cover type, could be labeled correctly. The classifica-
tion of land use is demonstrated by Figure 2. Within
this analysis, bare soil was assumed as being covered
with winter barley before August 1st and therefore
was added to the class of cereals.

2.2 Effect of monoculture on.the environment
From Figure 2, it is evident, that 66% of the agricultu-

ral area are used to grow cereals and only 33% remain
for beets and beans. The high percentage of cereals is
consistent with the local crop rotation practice com-
prising sugar beet or beans, winter wheat and winter
barley. With 2/3 of crops being cereals "monotony" in
crop cultivation occurs. This leads to serious environ-
mental problems (Réf.8):
1. selection and accumulation of "typical"

weeds, pests and diseases being counteracted
by farmers with an increased application of
pesticides, which contaminate plants, soil and
groundwater

2. increased need of plant specific nutrients
being satisfied by a higher amount of fertiliza-
tion which pollutes air, soil and groundwater,

3. intensive and unbalanced soil treatment cau-
sing damage of soil structure

4. decrease in number of species (flora and
fauna).

3. MONITORING CROP STATUS

3.1 N-fertilization shifting the red edge
Crop growth and vitality are significantly influenced by
the level of nitrogen (N) available. Plants respond to N
with the increase in leaf area (LAI) and chlorophyll con-
tent. This can be observed by remote sensing. Figure 3
shows the reflectance spectra of a crop with attention
focused on the slope between the red and infrared
region, the so-called "red edge". The wavelength posi-
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tion of the red edge, best described by the wavelength
of the inflection point (Rets. 1,5,6, 7), is associated
with N supply.

reflectance [%]

650 760

wavelength [nm]

650550

N-fertllizatlon

— high "low

Fig. 3: Effect of nitrogen (N) fertilization on shifting the
red edge and inflection point in reflectance spectra of
crops

3.1.1 Materials and methods. In order to investigate
the reflectance characteristics of sugar beet, an experi-
ment was conducted at the Research Farm Dikopshof
of the University of Bonn. Growth of sugar beet was
varied by fertilizing 120 and 2CO kg N/ha, respectively.
Reflectance measurements were acquired throughout
the growing season with a ground-based spectro-re-
flectometer ISA 100/300, MINARAD Systems Inc.)
operating from 400 to 2200 nm with a 2 to 4 nm
spectral resolution. Simultaneously, plants were ana-
lyzed for biomass, dry matter, water content, LAI,
chlorophyll content, leaf geometry and soil cover.
First derivative of reflectance spectra were calculated
for determining the wavelength position of the inflec-
tion point (Refs. 1, 5).

Spectral measurements of natural grassland were per-
formed in the European Imaging Spectroscopy Airborne
Campaign (EISAC '89), supported by ESA/JRC, during
the flight over a test site located in Southwest England
with the Moniteq Programmable Multispectral Imager
(PMI) on May 27th. The PMI sensor provides data in
the range from 490 to 790 nm (spatial mode) with
central wavelengths being 496, 551, 601, 679, 711,
737, 748 and 787 nm and with a 6 to 10 nm spectral
resolution. N-fertilization of grassland plots was varied
by application of O, 25, 50, 10O and 200 kg N/ha, re-
spectively. Ground truth was collected in terms of
botanical composition, average height, dry and fresh

biomass and chlorophyll content.
Inflection points in reflectance spectra were calculated
according to the method of Guyot and Baret (Réf. 6)
using average radiances of the 679, 711,737 and 787
nm bands (Refs. 2, 3).

3.1.2 Inflection point to indicate sugar beet and grass-
land vitality depending on N-level applied. Distinct
differences in wavelength position of the inflection
point occur among N-treatments and during life cycles
of sugar beet plants (Fig. 4). Wavelength shifts are
proved to be strongly dependent on chlorophyll content
and leaf area (correlation coefficients > 0,9; Réf. S).
Increasing values of chlorophyll and leaf area lead to
shifts to the infrared part of the spectrum. Decreasing
values push the red edge inflection point to shorter
wavelengths.

738

734

730

726

wavelength [nm]

722
190 210 230 250 270 290

Julian date [07/16-10/14]

N-fertlllzatlon

-°-120 kg/ha -"-2OO kg/ha

Fio. 4: Nitrogen (N) fertilization dependency of wave-
length position of reflectance spectra inflection point
for sugar beet during growing season

The relationship between wavelength position of the
inflection point in reflectance spectra of grassland and
N-fertilization is illustrated in Figure 5. With increasing
N application the inflection point shifts to longer wave-
lengths. This strong positive correlation (correlation
coefficients > 0,9; Refs. 2, 3) is attributed to increa-
sing values of leaf area and chlorophyll content.

3.2 Effect of N-fertilization on the environment
In the above described experiments the wavelength po-
sition of the inflection point is proved to be the best
estimator for plant vitality (Refs. 1,2,3, 4, 5). Indica-
ting leaf area and chlorophyll content, it is shown to be
an important spectral feature for monitoring N-fertiliza-
tion. This is considered to be helpful for determining
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the use of nitrogen fertilizer by farmers and assessing
its impact on the environment. Intensive farming with
high input of N-fertilizer lead to the following environ-
mental problems (Réf. 9):
1. nitrogen enrichment, eutrophication and dete-

rioration of water quality, e.g. increase of
nitrates in drinking water, as a result of lea-
ching and/or run-off and transport of sedi-
ments through erosion processes

2. contamination of soils by heavy metals
through fertilizer additions or components of
animal wastes and manure

3. air pollution through evaporation of nitroge-
nous compounds either directly upon applica-
tion or indirectly through microbial decomposi-
tion.

Usually, nitrogen pollution of the environment coming
from arable land exceeds that deriving from grassland.

730

728

726

wavelength [nm]

724
O 50 100 150 200

N-tortilization {kg/ha]

-Mnfl. point ' +/-STD

Fig. 5: Wavelength position of reflectance spectra
inflection point for grassland plotted vs. the amount of
nitrogen (N) applied (Refs. 2, 3)

4. ASSESSING THE INTENSITY LEVEL OF LAND USE

The results of this study clearly indicate the potential
of remote sensing techniques. Identification of crop
species and crop status by remote sensing enable ana-
lysts to assess the intensity level of land use. This
information can be used to evaluate the influence of
agricultural practices on the earth's ecosystem. Fur-
thermore, remote sensing may help to control farming
practices. As the protection of the environment and
natural resources becomes more and more important,
the European Community issued several directives for
encouraging farmers to refrain from high input farming.
These are the set-aside and trie extensif ication scheme
and regulations for sewage sludge application and fer-

tilization in drinking water supply areas. In addition,
directives are discussed which aim e.g. at regulating
the crop rotation systems and limiting the quantity of
fertilizer use (Réf. 9). This can only be realized if a
reliable observing technique like remote sensing is
available.

5. FUTURE OUTLOOK

Selecting the configuration of satellite sensors with
respect to the specific needs of remote sensing in
agriculture, the accuracy of crop identification and
estimation of crop vitality can be improved. Suitable
parameters in terms of wavelength, spectral and geo-
metric resolution, overpass dates, etc. are already
defined for optical sensors. Research on this matter
has still to be performed on microwave remote sen-
sing. In order to determine the most suitable configura-
tion of microwave systems for monitoring sugar beet
and winter wheat crops during different growth stages
'.he Institut fur Pflanzenbau is currently running an
experiment with a ground-based microwave scattero-
meter which is operated with variable wavelengths,
polarizations, incidence angles and look directions. The
combination of optical and microwave data and their
integration into a Geographical Information System
(GIS) will enhance the information about agricultural
land use and its influence on the environment.
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ABSTRACT

NOAA NDVI data have been demonstrated
to be correlated with annual rainfall and
primary productivity in Sahelian areas, but
these correlations are strongly affected by
several environmental factors and have been
tested only with satellite data accumulated
during whole rainy seasons. In the present
study a methodology of NOAA AVHRR data
processing is presented which utilizes NDVI
computed only in the first part of some
rainy seasons and statistically takes into
account the geographical variability in
land resources. Good results were obtained
from an application of the methodology to
Niger, especially for yield forecasting.

regional scale. Also, the use of data
accumulated during a whole rainy season
tends to limit practical utilizations for
yield forecasting.

In this context, the objective of this
work has been the development of an
operative method for NDVI data processing
aiming at environmental monitoring, and,
more specifically, at crop yield assessment
and forecasting in Sahelian regions. Some
quant i ta t ive tests of the procedure
developed have been made with data taken
from four subcessive rainy seasons in Niger
(1986-89) . The first results, reported in
the present paper, are guite encouraging
also for applications; possible, future
directions of the research are f i n a l l y
illustrated and discussed.

Key words: NOAA NDVI, Sahel, Niger, crop
forecasting.

1. INTRODOCTIOK

In the last few years many studies
have been conducted concerning the use of
NOAA NDVI (Normalized Difference Vegetation
Index) data to monitor tropical and sub-
tropical terrains. NDVI m a x i m u m value
composites (MVCs) accumulated throughout a
rainy season have been demonstrated to be a
good indicator of environmental conditions
in semi-arid environments, and have been
tested particulary in the Sahel (Tucker
1986, Townshend and Justice 1986). In
this area, such data have been found to be
linearly related to rainfall totals and
global primary productivity (Hielkema et
al. 1986, Seguin et al. 1989, Tucker et al.
1985).

Some advances are however still
necessary to practically utilize NDVI data
for crop monitoring and forecasting, which
would clearly be a major application. A
marked geographical variability has in fact
been found in the relationship NDVI/active
green biomass , depending on m a n y
environmental factors (vegetation and soil
types, terrain topography, etc). Moreover,
agricultural production is an extremely
variable proportion of total p r i m a r y
production, so that its identification is
highly problematic when work ing on a

2. MATERIALS AMD HETHODS

2.1. Study site, ground and satellite data

Niger has been selected as study area;
this is a typical Sahe l ian coun t ry ,
character ized by high tempera ture
throughout the whole year and scarce
precipi ta t ion dur ing the br ief r a iny
season. Its landscapes range from woodland
in the southern part to b r u s h l a n d ,
grassland and desert going towards north.
The country is d iv ided into seven
administrative departments, which cover the
whole variety of landscapes (figure 1).

Figure 1. Map of Niger showing its division
in seven administrative departments.
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F o u r yea r s were cons ide red in the
s tudy ( 1 9 8 6 - 1 9 8 9 ) . The r a i n f a l l o f th i s
period was derived from the WMO network of
meteorological stations (synoptic and non-
s y n o p t i c ) ; f r o m about 100 s ta t ions the
mon th ly r a i n f a l l totals were computed and
averaged over each department.

Informat ion regarding crop production
was derived f rom the FAO archives in Rome.
Even t h o u g h the p rec i s ion of the FAO
estimates is somewhat questionable, they
are the only source of in format ion about
agr icu l tura l production covering the whole
count ry in the last decades. Mi l l e t and
sorghum crops were considered, as they
account for more than 90% of the total
a g r i c u l t u r a l product ion in Nige r . Mean
grain yield of each department was selected
as the a v a i l a b l e crop p a r a m e t e r most
su i t ab le fo r c o r r e l a t i o n w i t h t he N D V I
signal.

NOAA AVHRR data in LAC format of the
four ra iny seasons had been acquired by
the rece iv ing s ta t ion of M a s p a l o m a s in
Spain. About 20 AVHRR scenes of the whole
country were selected for each year among
those less affected by cloud contamination.

2.2 . Data processing

The processing of the satellite data
was performed by the following steps:
(1) Georeferencing of the scenes by means
of the reference grids present on the NOAA
images,- a bivariate third degree polynomial
equa t ion was employed for scene
rectification.
(2) Reduction to a smaller format of the
images by averaging 4x4 original pixels, to
reduce the subsequent c o m p u t a t i o n a l
expences; little loss in informat ion is
expected by this operation in this fair ly
homogeneous environment (Townshend and
Justice 1990).
(3) Computation of channel 1-2 apparent
r e f l e c t a n c e s t h r o u g h the use of the
relevant transformation coefficients (Price
1988) .
(4) Calculation of NDVI according to the
well known formula:

NDVI=(R2-R1)/(R2+R1) (1)

where Rl is the apparent reflectance in
channel l and R2 the apparent reflectance
in chai.nel 2.

Figure 2. Images of Niger showing the NDVI at the end of July for
the four years (1986-89).
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(5) Cloud masking by means of a thermal
threshold in band 4.
(6) Maximum value compositing of several
temporally adjacent NDVl images (Holben
1986).
(7) Normalization of the MVC NDVI images on
some desert areas assumed with constant,
negligible vegetation signal. This step was
carried out in order to reduce the effects
of sensor's radiometric degradation and of
residual atmospheric perturbances (Holben
1986, Diallo et al. 1991).
(8) Temporal interpolation of the NDVI at a
fixed date; two MVCs for each year, the
first in the second half of July and the
second in the first part of August, were
employed to linearly interpolate the NDVI
values at the end of July (figure 2). This
was done to make possible interannual
comparisons whilst avoiding the computation
of data accumulated during the whole rainy
season, which is expensive and not suitable
for forecasting purposes.

The interpolated date (30 July) was
selected on the basis of ecophysiological
considerations and of previous evaluation
of NDVI annual profiles. The end of July is
the termination of the most variable period
in terms of rainfall and just preceeds the
peak of vegetation activity in August
(Townshend and Justice 1986). Generally,
if the rainy season begins late or with
scarce precipitation, there is no time for
complete plant development. Thus it can be
assumed that plant conditions at the end of
the season are chiefly controlled by the
precipitation fallen during the first part
of it, up to the end of July. Accordingly,
vegetation status at this date should be
highly responsive to the rainfall totals of
the preceding months and should express
information about final primary production,
which are the working hypotheses of the
present research.
(9) Averaging of NDVI levels over each
department for comparisons with averaged
rainfall totals up to the end of July and
final crop (millet and sorghum) yields. The
mean values were computed after eliminating
the boundary pixels of the departments, so
as to alleviate possible errors due to the
georeferencing of the scenes.

3. RESULTS

3.1. Comparisons NDVI/ground data

As can be seen from figure 2 three
ecological zones can be easely identified
in Niger from south to north, corresponding
to woodland (always high NDVI levels),
transition land (medium and highly variable
NDVI levels) and desert (always low NDVI
levels).

Actually, NDVI data can be expected to
be linearly correlated with rainfall totals
only within a certain range of the latter
(0-600 mm/year), and can be assumed to be a
good indicator of plant productivity only
in areas where this parameter is highly
variable due to environmental conditions.
Thus, the comparisons between these factors
were restricted to the sahelian departments
(transition zone), which surely show the
feature of high variability.

Following Tucker et al. (1991), the
selection of the Sahelian departments was
accomplished by the use of their seasonal
and in ter-year va r i a t i ons in N D V I .

Department 2, chiefly covered by woodland,
and department 7, completely covered by
desert, were discarded as not belonging to
the Sahel and were not taken into
consideration in the following analysis.

Figures 3-4 report the comparisons
between the averaged NDVI values of the 5
sahelian departments in the 4 years and,
respectively, the relevant rainfall totals
up to the end of July and f ina l grain
yield. As was expected from previous works,
in the first relationship the agreement
between the two variables is fairly good,
with a correlation coefficient of 0.87.
This supports the results of other
investigations that NDVI of a date is
closely linked to the r a in fa l l fa l len
during some previous months in semi-arid
regions (Hielkema et al. 1986, Seguin et
al. 1989, Nicholson et al. 1990, MaIo and
Nicholson 1990) . However, part of the
observed variance in the two parameters has
surely a geographic origin, deriving from
permanent differences in landscape; this
variance is therefore static in nature,
giving no useful information about the
interannual environmental variability.
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Figure 3. Relationship between NDVI and
rainfall totals at the end of July in the 5
Sahelian departments for the period 1986-
89.
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Figure 4. Relationship between NDVI at the
end of July and final crop yield in the 5
Sahelian departments for the period 1986-
89.
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In addit ion to showing the same
problem, the second relationship is not
well defined, with a rather low correlation
coefficient. This clearly means that NDVI
cannot be directly considered as a good
indicator of crop yield. In effect , the
vegetation index measured at suitable times
in a season has been demonstrated to be
l inea r ly correlated wi th total p lan
productivity, not only with crop yield
(Tucker et al. 1985, Prince 1991, Wylie
et al. 1991). Many external factors can
a f f e c t this re la t ionship , i-uch as
variations in vegetation quantity, type and
density and differences in soil type and
terrain topography. In practice, it is
nearly impossible to deterministically
separate the NDVI signal deriving from
semi-natural vegetation from that deriving
from the crops of interest at a regional
scale. Thus , only the global ac tual
productivity of the surface monitored can
be assessed, which can be assimilated to
crop yield only when all the other
environmental factors have been taken into
consideration.

3.2. Comparisons standardized NDVI/ground
data

In order to c i rcumvent symi la r
problems related to geographical
d i f f e r ences in land resources, Kogan
(1990), proposed the transformation of MVC
NDVI into VCI (Vegetation Condition Index),
following the formula:

VCI= (Max_NDVI-NDVI)/(MaX_NDVI-Min_NDVI)

(2)
where:

Max_NDVI = maximum NDVI in a plot for
the period considered, and

Min_NDVI = minimum NDVI in a plot for
the period considered.

The aim of the transformation, based
on the concept of ecological potential of
an area, is to remove the differences due
to geographical resources (c l imate ,
topography, soil and vegetation types) from
the examined signal. The VCI values were
generally referred to a regular geographic
grid and were accumulated through a rainy
season like the usual NDVI. The idea was
surely interesting and the method was
demonstrated to be bc*~h p o w e r f u l and
e f f i c ien t . Some points can however be
examined in order to envisage possible
improvements.

The ident i f ica t ion of m i n i m u m and
m a x i m u m NDVI is i nhe ren t ly not
statistically stable, because the selection
of correct values is probabilistically very
diff icul t and these can strongly change
with the considerat ion of new da ta .
Moreover, the proposed normalization over a
regular geographical grid can generate some
problems for direct compar isons wi th
conventionally acquired data , a n d , as
already seen, the u t i l i z a t i o n of NDVI
accumulated during a whole rainy season is
often impractical for forecasting purposes.

For all these reasons, in the present
work a different method of standardization
is put forward according to the following
formula in which all the symbols refer to

NDVI measured at the end of July over a
department:

NDVI*=(NDVI-M_NDVI)/SD_NDVI (3)

where
NDVI = standardized NDVI;
M-NDVI = multiannual NDVI mean;
SD_NDVI = multiannual NDVI standard
deviation.
This procedure was applied to the

NDVI values of all the departments, and, to
compare the N D V I w i th the g round
collected data (rainfall and grain yield),
these were also subjected to a symilar
process of s t andard iza t ion over the
relevant multitemporal means ^and standard
deviations (Prec ip i ta t ion and G r a i n
Yield ) .

The results of the comparisons between
standardized variables are reported in
figures 5-6. The correlations coefficients
are quite high in both cases, wi th
particular improvement in the second one
(NDVI /grain yield ) , which was previously
rather low. This clearly indicates the
ef fec t iveness of the s t a n d a r d i z a t i o n
process, which succeeds in isolating the
geographical var iabi l i ty that par t ly
obscured the relat ionship between the
original variables, and, above all, gives
emphasis only to the the i n f o r m a t i o n
related to i n t e r annua l va r i a t ions in
vegetation activity.
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Figure 5. Relationship between standardized
NDVI ( N D V I l and r a i n f a l l totals
(PRECIPITATION ) at the end of July in the
5 Sahelian departments for the period
1986-89.

NDVI *
Figure 6. Relationship between standardized
NDVI (NDVI ) at the end of July and final
crop yield (GRAIN YIELD ) in the 5 Sahelian
departments for the period 1986-89.
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4. DISCUSSION AND FUTURE PERSPECTIVES

From the first results of the present
work, some interesting conclusions can be
drawn about the utilization of NOAA NDVI
data for environmental monitoring and yield
forecasting in sahelian areas.

The use of NDVI values estimated at
the end of July seems to be quite efficient
and straightforward; the rationale for this
is that in the pecul iar e n v i r o n m e n t a l
conditions of the Sahel information about
p lan t p roduc t iv i ty can be r easonab ly
inferred from vegetation conditions at the
middle of a rainy season.

The geographical s t anda rd i za t i on
adopted has been highly eifective to remove
di f ferences in local resources from the
NDVI signal; thus, the correlations between
NDVI and environmental variables are much
more notable and informative when using
standardized data. The strong correlation
between the remotely sensed index and final
crop yield is particularly remarkable, as
it allows the utilization of the former as
a means not only for monitoring, but also
for forecasting agricultural production
already in mid summer.

Our approach to the problem is clearly
stat ist ical , based on the p resen t
impossibility to deterministically evaluate
all the parameters involved in the complex
relationships between environmental factors
and N D V I . Such an approach has
fundamentally practical purposes, and could
find its main utilization in the context of
a drought early warning system. At present,
a major effort is being directed towards a
better e v a l u a t i o n of the s ta t i s t ica l
properties of the standardization procedure
and towards its extension to a higher
spatial resolution (for instance at sub-
department l eve l ) , so as to test its
prac t ica l po ten t i a l a t d i f f e r e n t
geographical scales (Maselli et al. 1992).
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ABSTRACT

Satellite data in the form of vegetation indices have
been studied for monitoring weather disasters.
Particularly, the AVHRR-based Vegetation Condition
Index (VCI) developed recently showed excellent utility
for drought monitoring on continental and regional
scales. Several independent large-area tests comparing
VCI with ground observations in the United States and
sub-Sahara Africa showed very promising results. The
purpose of this paper is to describe the principles of this
index, its development and some validation results.

Keywords: Drought monitoring, Vegetation Condition
Index, Normalized Difference Vegetation Index, NOAA
polar orbiting satellite

1. INTRODUCTION

Drought is one of the most adverse and powerful
environmental phenomenon. Physical, social and
economic impacts of drought can be enormous. Large
area drought and/or coincidence of droughts in several
economically important areas quite often leads to
devastating impacts. Mitigation of drought consequences
impossible without a very efficient drought monitoring
system. Unfortunately, weather information, used
currently for drought monitoring, is not very efficient
because the meteorological station network is sparse,
especially in the areas with marginal resources. Besides
that, weather data are quite often not available in real
time. Consequently, satellite data in the form of
vegetation indices have been studied since the early
1980's to complement or substitute for real-time weather
information.

2. PRINCIPLES

measurements of spectral reflectance acquired by the
Advanced Very High Resolution Radiometer (AVHRR) on
board NOAA series of polar orbiting satellites. The
reflectances in the visible (CHl) and near infrared
(CH2) channels is used to calculate NDVI using the
following expression NDVI=(Ch2-CHl)/(Ch2+Chl).
NDVI values calculated from satellite measurements
change from O for non-vegetative to 0.6 for highly-
vegetative surfaces.

2.2 Vegetation Condition Index
Successful application of the NDVI for estimating
weather impacts on vegetation is hindered because of
two major problems. First, NDVI data are extremely
noisy due to fluctuating transparency of the atmosphere,
changing sun and sensor geometry, orbital drift,
uncertainty of sensor calibration, methods of sampling,
calculating and mapping the index and others (Coward
(Coward et. al., 1990). These fluctuations must be
removed from the data if NDVI is used for
environmental monitoring.

MAX

TIME

2.1 Normalized Difference Vegetation Index
The Normalized Difference Vegetation Index (NDVI) was fi J Contribution of ecol and wea(her into NDV,
designed to measure density and vigor of green value
vegetation and to discriminate vegetative from non-
vegetative surfaces. This index is derived from the
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The second problem appears because NDVI values
represent a mixture of two groups of environmental
factors: ecological and weather. The weather has short-
term (seasonal) impacts on vegetation and contributes
much less in NDVI value than ecological factors which
produce long-term impacts. Figure 1, shows a typical
seasonal NDVI "signature". The upper GUI-VC (maximum
NDVI) outlines the contribution of both ecology and
weather into NDVI value when weather is favorable.
The lower curve (minimum NDVI) is for unfavorable
wejther. The shaded area (between maximum and
minimum NDVI curves) approximates only weather
contribution. As seen in Fig. 1, this area is much
smaller than the entire integrated area under the NDVI-
maximum curve.

When weather impacts on vegetation are estimated from
NDVI data, the weather-related portion of the NDVI
should be enhanced by separating it from the ecological
one (Kogan, 1987). The weather related component
was separated by the normalization of weekly NDVI
values relative to the amplitude of their change. This
was expressed as:

VCI1 =

(NDVIj - NDVI_MIN)*100

NDVI MAX - NDVI MIN

where VCI is Vegetation Condition Index (percent);
NDVI, NDVI_MAX, NDVMVIIN are smoothed weekly
Normalized Difference Vegetation Index, its multi-year
maximum, and minimum, respectively, i define year.

STRESSED BUEBBGE FnUIMDLE
jg O - 30 Q 31 - 70 C^ " -100

Fig. 2. Area of the 1988 drought outlined by (a) the
Vegetation Condition Index (shaded in black) at the end
of June and ground data: (b) 3 to 6 inch precipitation
deficit during April-June (NOAA, 1988) and (c) corn
yield reduction relative to the county average for 1985-
1988 (USDA, 1989).

3. DATA DESCUIPTION AND PROCESSING

The NOAA/NESDIS produces regularly two data sets
used to calculate NDVI. They are 1 km resolution Local
Area Coverage (LAC) and 4 km resolution Global Area
Coverage (GAC). Based on these data sets, Global
Vegetation Index (GVI) product is generated for large
area applications which has 16 km resolution. This
product was used for the development of the Vegetation
Condition Index.

The current procedure for obtaining the GVl is described
in Tarpley et. al. (1984), and NOAA (1986). Daily 8-
bit CHl and CH2 values are utilized to compute NDVl.
To reduce atmospheric and scan angle effects seven-day
maximum vegetation index composites are produced by
retaining the largest daily simple difference value.
Through sampling, which consists of retaining one of 16
GAC pixels, the seven-day composite NDVl values are
aggregated to a data set of coarser spatial resolution
ranging from 15 km at the equator to 30 km at the
pole. The weekly GVI data are available from April
1985 through present.

For continental analysis, presented here, the processing
included spatial aggregation of NDVI to a grid cell of 1 •
lat i tude by 1 ° longitude. The average index value for
each grid cell was calculated from approximately 50
pixels of 16 km resolution. The next step included the
construction of NDVI time-series for each year and grid
cell. The fluctuations in these time-series were removed
with a compound median filtering technique which
proved to be superior to other smoothing techniques.

Further screening was done to enhance the weather
signal (Kogan, 1987, 1990). For this purpose the NDVI
values for each grid cell were first stratified to
emphasize the ecological resources of each grid cell.
This was done by calculating historical maximum and
minimum of the NDVI for each week and each location
(Fig. 1). Finally, adjustment of NDVI for weather
conditions consisted of NDVI normalization relative to
the max-min amplitude following the VCI expression
described earlier.

4. DROUGHTS OF 1988-1990 IN THE USA.

The Vegetation Condition Ind >. was validated for the
area of the United States since ground observations,
characterizing drought, are available and also droughts
during this period were quite different in their area
coverage, time of occurrence, intensity, duration and
impacts.

4.1 1988 drought

The 1988 drought in the US was unique due to its
occurrence early in the season, rapid development,
expansion, and unusual severity. This drought
devastated crop, pastures, natural resources, and brought
considerable damage to the economy (NOAA, 1988,
Kogan, 199Ob).

1



Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP- 341 July 1992)

831

The Vegetation Condition Index detected stressed
vegetation at the end of April in the northern Great
Plains, the East, some western states, and in southern
Texas (NOAA, 1988, USDA, 1989). The initial drought
pattern remained stable until the beginning of June.
From that period on the VCI indicated fast expansion of
the area of stressed vegetation to the central and
southern US. By the end of June, the drought reached
its apogee, as shown in Fig, 2a. The same assessment
of drought development was obtained from ground

observations Fig. 2b. As seen in Fig. 2, there is a fairly
good resemblance between satellite, weather and
agricultural data.

The cessation of the 1988 drought started in July, [n
the following several weeks a recovery of vegetation
continued and drought area reduced considerably.
However, an additional deficit of rains of about four
inches (Fig. 3b) amplified the drought problems in some
midwestern areas and southeaster US. It is important to
emphasize that these areas coincided with the areas of
stressed vegetation identified from satellite at the end of
August (Fig. 3b).

STRESSED AVERAGE FAlHIRnBLE
m o - 30 s» ai - 70 c; '» -mo

SUESSED (U)ERAGE FMUUBU
• O - 311 « 31 - 70 p 71 -100

Fig. 3. Area of the 1988 drought outlined by (a) the
Vegetation Condition Index at the end of August (shaded
in black) and (b) 2 to 4 inch precipitation deficit during
July-August.

4.2 1989 Drought

In contrast to 1988, the drought of 1989 was not
widespread in agricultural areas and was not as long.
Thus, unfavorable impacts of this drought for the nation
were much less pronounced.

Fig. 4. Area of stressed vegetation outlined by (a) the
Vegetation Condition Index at the beginning of May
1989 (shaded in black) and (b) deficit of precipitation
(75 percent of normal) during September 1988 through
April 1989 (NOAA, 1989).

In spring 1989, satellite data clearly identified stressed
vegetation in central and southern states, southwestern
(except for parts of Colorado and Utah), and
northeastern US (Fig. 4a). Such early dryness resulted
from a lack of rains during September 1988 through
April 1989 shown in Fig. 4b. As reen in Fig. 4, there is
a fairly good agreement between VCI and precipitation
both in area coverage and time.

Further development of the 1989 drought was quite
different across the US. From the beginning of May
through mid-June the VCI indicated a reduction of
drought area. In the northeastern US this reduction
occurred very quickly (Fig. 5) following a heavy showers
in the first 15 days of May. However, in the central US
the drought continued on a limited area and damaged
both an early- and late-season crop, reducing their yield
between 10 and 20 percent. In late-summer drought
stressed vegetation in the northern states reducing crop
production, as well.

In sum, although the 1989 drought in the US was very
local and relatively short, the Vegetation Condition Index
highlighted accurately the dryness in different areas and

these results were compatible with precipitation and
yield estimates.
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Fig. 5. Area of stressed vegetation outlined by the
Vegetation Condition Index in the middle of May 1989

Another drought-problem area highlighted concurrently
by the VCI and ground data in 1990 was late season
dryness in the southeastern US following a considerable
rainfall deficit in summer. The first signs of worsening
vegetation conditions appeared in this area at the end of
June. This precisely coincided with agricultural reports
which indicated an increased amount of poor and very
poor corn and soybean crops in this area.

By the middle of July the vegetation conditions in the
southeast deteriorated to such extend that the VCI
detected the first scattered spots of stressed vegetation.
In two more weeks, a very clear pattern of drought was
identified in this area. By the end of August this
drought widened considerably (Fig. 7c). The timing and
area of the VCI-derived end-of-August drought pattern in
1990 looked very similar to the drought outlined by
agricultural data (Fig. 7a,b).

4.3 1990 Drought

The 1990 weather was even more favorable for
vegetation growth in the US than in 1989. Meanwhile,
dryness was recorded in several places during the
growing season. However, the 1990 drought was not
long enough to produce considerable impacts on
environment and agriculture.

The 1990 growing season started with a well outlined
pattern of stressed vegetation identified by satellite in
the northern Plains and western US (Fig. 6). This
pattern was associated with precipitation deficit during
September 1989 through May 1990. Following
abundant rains, which started in mid-May and continued
through summer the identified dryness was eliminated
and no damages to agriculture were reported.

L . ran—E JIJN—; JUl ri_ WHS ~ r;. SEP r OCT
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Fig. 7. Area of stressed vegetation outlined by (c) the

Vegetation Condition Index in the middle of August
1990 (shaded in black), (a) percent of the late-season
crops with poor and very poor conditions at the
beginning of July 1990, and Cb) reduction in 1990 corn
yield in the southeastern states.

Fig. 6. Area of stressed vegetation outlined by the
Vegetation Condition Index at the end of May 1990

5. CONCLUSIONS

Three years of data analyzed here (1988-1990)
illustrated that the pattern of drought identified from
satellite with the Vegetation Condition Index
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corresponded very well to the pattern outlined from
ground observations of precipitation and yield anomalies.
This index showed an excellent ability to detect drought
and to measure time of its onset, intensity, duration,
dynamics, and impacts on vegetation. It is important to
emphasize that the VCI provides appropriate drought
information not only for the cases with well defined,
prolonged, widespread, and very strong drought events
(1988) but also for very localized, short-term, and not
well-defined droughts (1989, 1990).

Some drought tests and validations were also obtained
for sub-Sahara Africa, China, and former Soviet Union.
Both satellite and ground data were in general
agreement. This work is continuing for other parts of
the globe.

In addition to drought estimates, the Vegetation
Condition Index can be also used for assessment of
vegetation conditions and weather impacts on vegetation
on large areas. These assessments are likely to be
complementary to similar weather-derived estimates.
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RESOLUTION FOR AGRO-CLIMATIC CROP MONOTORING
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Abstract

The use of NOAA-AVHRR temporal series to characterize the
changes in land cover is still difficult in the complex
agricultural landscapes of temperate countries.
Complementary use of coarse and high spatial resolution
data may make it possible to extract the part due to each of
the agricultural themes present from the NOAA-AVHRR
signal. The method presented here permits dcconvolution of
the NOAA-AVHRR signal date to date on a local scale. The
method was developed using SPOT data only, the coarse
resolution signal being simulated by degrading the SPOT
images. Because of the possibility that this simulation
provided of controlling all the parameters, it enabled the
reliability and sensitivity of the model to be studied.

Key words: Deconvolution, NOAA-AVHRR, SPOT

1. Introduction

In the agricultural sphere, it is only possible to monitor the
variables connected with plant growth and development,
and calibrate agro-climatic models if information is
gathered over the whole growing cycle of the crops.
Although the spatial resolution of earth observation
satellites (20 m for SPOT/HRV) gives access to information
on the scale of individual plots of land, their poor
repetitivity, the risks of cloud cover and programming
conflicts make it fiifficult to use them for operational
diachronic monitoring on a large scale.

Meteorological satellites such as NOAA-AVHRR, although
not designed for applications concerning dry land, have
been used to follow vegetation on regional or global scales
(Refs. 1, 2). Their better temporal repetitivity enables
measurements to be taken throughout the crop growing
cycles. The vegetation indices thus obtained allow an
analytical approach to be envisaged for primary biomass
production (Refs. 3, 4) and, subsequently, for yield.
Although NOAA's temporal resolution provides frequent
synoptic monitoring of growth conditions, its spatial
resolution (1.1 km at the nadir) does not allow specific
crops to be monitored. On this scale, the composition of
the agricultural landscape in Europe leads to a pixel
containing several spectrally different types of land use.
The size of the objects observed being less than the IFOV of
the AVHRR, the luminance measured by the sensor is a
composite value that is not characteristic of any one of the
crops present (Réf. 5), These mixed pixels make any
quantitative approach virtually impossible with NOAA. At
least, this is the case if we cannot extract from the low
resolution signal the part due to each group of crops present
in the NOAA pixel. The aim of this study is to develop a
deconvolution method for NOAA-AVHRR data through the
knowledge of land use (SPOT data). It then becomes
possible to find the contribution of each crop or

group of crops to the NOAA radiometry.

As we shall see later, the use of the same spectral bands for
the coarse and high spatial resolution data is not necessary.
However, it presents the added advantage for the
development phase of making comparison easy between
data coming from the deconvolution of coarse resolution
images and similar values from high resolution images.

2. Direct mixture model of reflectance composition

The influence of each type of land use on the average
radiometry of an observed composite landscape depends on
its spectral properties of the relative surface area it
occupies. The signal measured by a sensor such as NOAA-
AVHRR can therefore simply be described by an additive
model of mixture reflectance composition, integrating the
effects due to the simultaneous viewing of several objects.
For a given date and particular spectral band (red or near
infra-red), the mean reflectance RVSJ of landscape i
composed of p different types of land use is

P
Rvs i=

J=O
R1J +E1 (1)

RVSJ=

where Ry is the mean reflectance of the class of land use j in
pixel i (there are p different types of land use), PJ: is the
proportion of surface area of class j in pixel i , and Ej is the
error term.
If we take the hypothesis that the scene can be divided up
into zones in which, on a given date, the radiometry of each
crop is identical on the scale of the coarse resolution
images, we can write that: Ry = R .: (general mean effect
of each class of land use j). Equation (1) then becomes

p _
1: R .j + Ei (2)

J=O
In this model, the influence of a particular theme is
connected only with the proportion of the surface area it
occupies. We can then ascribe the variation of the
radiomeiric values between coarse spatial resolution pixels
to spatial variations in land use only.

For a given scene, it is possible to break the observed
landscape down into n elementary cells (i = 1, ... n) having
an area taken to be constant and corresponding to the size of
a coarse resolution pixel (1.1 km in the case of NOAA). The
luminances measured by NOAA-AVHRR on this scene
provide the RVSJ values while the data from SPOT reveal the
nature of the land use. It then becomes possible to invert
model (2) and extract the individual contributions R .:
from it.

t
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3. Method

3.1. Obtaining the Pjj and high spatial resolution
images

The proportions Py of the surface area of each theme in the
set of coarse spatial resolution pixels are obtained through
exhaustive knowledge of the land use in the zone under
study. In our case, the knowledge of land use was obtained
from a multi-temporal classification of SPOT images. The
method chosen was that of maximum likelihood. Training
was performed through ground truths (statistical sampling).

3.2. Simulation of coarse resolution images

We have seen that spectral band identity between the coarse
and high spatial resolution data is not necessary for
inverting the system.

However, during the development phase, we needed to be
able to compare the R .;'s obtained after inversion with
control values. Since the latter could easily be obtained
from SPOT images read through the land use map, it was
preferable to work in the same spectral bands.

For this study, we therefore simulated coarse resolution
images by degrading high resolution SPOT images so as to
obtain pixels of 1.1 km spatial resolution (Refs. 6,7). A
coarse resolution pixel was obtained by taking the average
of the numerical counts of the set of 3025 SPOT pixels (55
lines x 55 columns) contained in a window of 1.21 knA For

j 55 55
a coarse resolution pixel i RVSJ = -..,-- £ J) CNxy

=ly=l
where CNXV is the value of the numerical count of a SPOT
pixel for a given wavelength.

3.3. Solving the system

It is possible to invert model (2) and find the information
specific to each crop by statistical methods. Multiple linear
regression is a technique which enables the connection to
be studied between a variable to be explained (Rvs;) and
several explanatory variables (Pj;). The connection is
generally represented by a linear mathematical model of the
type Y = P0 + P 1 X j + - -t- P1X1 + - + PnXn + e(X).
However, a number of conditions must be respected for the
application of this multiple linear regression if the least
squares estimate of the parameters Po and Pj is to be
acceptable.

It must first be checked that the explanatory variables are
not linearly dependent. But in our case, the ground surface
area of the vegetation pixels being taken to be constant

PJJ ( V i ). If we isolate the contribution of the

(1.21 km ), 2 PJ; = 1 (V i). It is then possible to
J=O

express the proportion Pio (unclassified pixels) as a
function of the other surface area proportions Pj0 = 1 -

i
J=O
unclassified pixels (Pj0 and Rj0), equation (1) becomes:

P
RVSJ = £ Py (Rjj - Rj0) + Rj0 + E1 (3).

J=I
Moreover, the residuals Ej, which take the measurement
errors and various inaccuracies connected with the use of our
data into account, should be normally distributed and have a
mean of zero. But there is nothing to prove, in our case,

that the Ej's are normally distributed and have a mean of
zero. We therefore broke down Ej by setting Ej = E + e; such
that Oj is normally distributed and has a mean of zero and

n

E =

Within this study, for each coarse resolution pixel j, the
mean reflectance (Rjj) of class i can be broken down into an

overall mean effect ( R ;) and specific effect (r;:) :

= R

where: Vj R j=—-— and £ TJJ = O.

P —
Equation (3) becomes: Rvs; = £ P J J ( R j

J=I

— — f P
R .o) + R .o + I 4i Pij (rij ' rio) + rio I +«i (4)

where: E1 = £ PJJ (TJJ - rio) -H rio.
J=I

It is then possible to bound Cj through knowing the

dispersion of the R jj's around R :.

Ji1 n p n
EJ is such that : ^EJ = £ £ PJJ (ry - rio) + £ rio.

Now £ Tj0 = O and hence :
n p

The following limits are therefore optimal
n n „
£ mini r;: < ^- EJ < £ m*xi r;:

t

(4) can be written :

..
ij

Rvsj = 2,Pij ( R . j - R .o)+ R o + E + ei (5)
J=I

The mathematical model of the regression is of the
P

following type: RVSJ = £ PJJ Pj + P0 + e:. The

coefficients Pj and P0 are such that

From these regression coefficients, we can estimate the
value of RJ : (Oj + E) = P; + P0. The confidence interval for
(ft; + e) can be calculated from Var ( Pj + P0 ).
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4. Application of coarse resolution image deconvolution
to the region of Montauban

4.1 The Montauban site

The deconvolution method was applied to the site of
Montauban in south western France, 40 km north of
Toulouse. Since the climatic conditions (rainfall about 7SO
mm/year, average temperature 14°C, and about 2000 hours
of sunshine per year) and agricultural practices were similar
all over this small site (40 km x 40 km), we processed the
scene as a whole, after having checked that the hypothesis
of homogeneous spectral responses was respected. This is a
region of mixed fanning with fields of small dimensions.

4.2 Satellite data

The data used in this study were obtained solely from the
SPOT satellite. To simulate coarse resolution images and set
up the beginnings of temporal monitoring, we had at our
disposal data acquired on 5 different dates: 1/04/90,
30/04/90, 7/07/90 and 11/09/90.

4.3 Making the land-use map

The land-use map was made using a method of classification
supervised by maximum likelihood without pre-established
probabilities. This technique was applied to a set of
multispectral data taken from SPOT on three different dates
(30/04/90, 29/05/90, 7/07/90). The classification was
based on a land survey performed on 32 randomly distributed
segments of 49 ha each, covering about 1% of the area. The
final nomenclature chosen comprised 16 classes (winter
cereals, rape-seed, corn, sorghum, sunflower, meadow,
market garden, orchard, vineyard, urban, forest, fallow,
water, bare ground, calcareous, unclassified). The average
percentage of classification, calculated from the confusion
matrix, was 82%, with a 3% rejection rate. Table 1 gives the
results of the confusion matrix made after the classification
and the different percentages of land use.
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Table 1. Results of classification

4.4 Calculation of individual contributions

A window having dimensions that simulate a coarse
resolution pixel scanned the four basic images (XSl, XS2,
XS3, and the classified image) to obtain, for each coarse
resolution pixel i thus defined, the mean reflectances RVSJ
together with the proportions PJJ and the reflectances RJJ of
each type of land use j present.

Processing the whole scene enabled 1200 coarse resolution
pixels to be built up, giving the same number of equations
to which it would be possible to apply the linear regression.
However, only pixels containing no water theme and
having an unclassified area of less than 5% were selected.
We thus eliminated 600 equations. We shall come back to
the reasons for this choice in the discussion. The multiple
linear regression as presented above was applied to 600
statistical units, using 14 explanatory variables (16 classes
of land use minus water and unclassified). These calculations
were performed for each of the 5 dates available and for
channels XS2 and XS3.

Three types of results can be studied to assess the interest of
the model:

the model's explanation percentage: the statistical
analysis (correlation) of the pair [experimental variable
(Rvsj), estimated variable (AvSj)] gives the explanation

percentage (R^) for each date and each channel. Table 2
shows the results.

Band 2

Band 3

O
O)

t
O

O

0.85

0.81

O
O)
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O
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0.92

0.73

O
o
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O

O)
CM

0.91

0.67

O
O)

h.
O

r~
O

0.81

0.86

O
O)

O)
O

»—

0.84

0.66

Table 2. Multiple correlation coefficients.

The coefficients are statistically significant. On
channel XS2, the values systematically exceed 0.80.
These coefficients reach lower values for XS3. It is
worth noting that the lowest values correspond to
periods when the types of crops were changing:
ripening of winter crops and sowing of summer ones in
late May, and ripening of summer crops in September.

analysis of residuals. This should verify the normal
distribution hypothesis so as to ensure that the use of
multiple linear regression is coherent. These residuals
(ej of equation (5)) all have a zero mean. Their Skewness
and Kurtosis coefficients are given in table 3.

Sktwness

Kurtosis

Skawnvct

Kurloilt

01/04/90

0.17

0.71

- 0.36

1.38

30/04/00

0.27

3.51

O.t!

0,93

39/05/90

0.13

2.95

- 0.17

1.29

07/0700

0,20

2.17

•0,16

0.5«

11/OQ/BO

0.95

3,9«

0.19

1.14

Table 3. Skewness and Kurtosis coefficients.

The Skewness coefficient is generally respected for XS2
and XS3. The Kurtosis coefficient, on the other hand, is
systematically higher, signifying slight dispersion of
the values around the mean.

limits of e : Table 4 shows the mean values of C and
their upper and lower limits. We note that the mean
values are very close to zero whatever the date and



channel considered. The spread is systematically greater
for XS3.

1

11 /04 /90

1QIQH90

! 9 /OS/90

37 /07 /30

1 1 ' 0 9 / 9 O

Xl-n..

- 7.13

- 9.42

- 10.63

• 11.70

- 11.53

Band?

•teen

• 0.16

• 0.01

0.04

- 0.46

- 0.45

KiX

7.30

9.40

11,48

12.42

12.58

Min.

• 20.11

• 13.94

- 12,60

- 15.06

- 12.29

Bands

Maan

- 0.21

0.03

0,17

0,53

0,19

KiX

22,58

14,44

13.34

14.SE

13.80

Table 4. Limits of £

Figure 1 shows the rssults obtained after inversion of the
model and compares them with the mean values and the data
from the ground truth.

5. Discussion

In this part of the study we carried out a full scale
application of the methodological approach concerning the
analysis of the radiometric response for mixed pixels from
medium spatial resolution sensors. To check that it is
possible to invert the direct model of reflectance
composition, we considered conditions where all the
parameters of the model could be known.

Part of the interest of the method we have developed lies in
the fact that the required knowledge of land use does not
necessarily have to come from a satellite approach. All we
need is to have exhaustive, spatially localized information
with a resolution at least equal to that of the low resolution
data used (low resolution pixel or group of pixels). Within
this resolution, it is not necessary to know the locations of
the different types of land use.

In this discussion, we shall look again at some of the
hypotheses used during processing which affect the choice
of equations, the homogeneity, and the accuracy of the
inversion.

5.1 Choice of equations to be kept

In the course of processing we eliminated a number of
equations, either because the coarse resolution pixels under
consideration contained a large unclassified surface area
(>5%) or because they contained the water theme.

incidence of unclassified areas: we are concerned here
with a part of the land use in coarse resolution pixels
that is not assigned to a class of the nomenclature:

- either because the probability of the pixel
belonging to a class is below a rejection
threshold (supervised classification procedure),

- or because it belongs to a class not included in
the nomenclature.

The model described above and the method used for
inverting it (linear regression) take this uncontrolled
part into account. However, given the relatively large
number of equations available to us and the land use map
made (average percentage of unclassified areas 7%), we
kept the coarse resolution pixels for which at least 95%
of the land use was known.

- special case of the water theme: we chose to eliminate
coarse resolution pixels containing areas of water in
their land use. In the case of the zone studied (as in most
farming landscapes), the surfaces under water accounted
for a very small percentage of the land use (<1%). On the

scale of the coarse resolution pixels, only 10% of them
contained areas of water and, furthermore, were
erratically distributed. Of the initial 1200 equations,
90% had no water areas and for the remaining 10% the
surface area concerned was very small (<5%). We thus
have a variable where the qualitative characteristic
(presence or absence of water) is dominant and whose
variability is very small. This variable cannot,
therefore, be considered as having the same nature as the
other variables of the model.

A more general question is that of classes representing a
small part c.£ land use (cas., for rape-seed and sorghum in our
example). They make a minimal contribution to the mean
reflectance of the coarse resolution pixel. Moreover, given
the low variability of their surface areas, they contribute few
positive elements to the inversion of the model. An
additional study needs to be performed to evaluate their
influence on the quality and accuracy of the results obtained
after inversion and determine from what point small classes
can be grouped together, and with what consequences.

5.2 Homogeneity

The inversion of the NOAA-AVHRR signal mixture model is
based on the hypothesis that the radiometry of a crop is
identical on the scale of coarse resolution images; only the
proportion of land occupied influences the low resolution
response. We accepted this hypothesis in our study because
of the size of the zone considered (1600 km^).

For larger scenes, the validity of this hypothesis needs to
be checked. But it must be pointed out that this check should
be performed not directly in terms of radiomelric criteria
(which will no longer be available in operational use with
NOAA-AVHRR data) but with agro-climatic criteria having a
connection with the radiometric characteristics of the crops.

The differences between the estimated and control values
(figure 1) are principally due to heterogeneity within a
class. Although the model is tolerant of classification
inaccuracies (confusion between themes, grouping of the
nomenclature, etc.), the different spectral behaviour
existing inside a given class, depending on the plots
considered, introduces non-negligible biases. These may be
more or less marked according to how strongly a stage of
the crop growth expresses these differences. This is the
case, for example, of the beginning of ripening in winter
cereals, which varies from plot to plot depending on factors
such as the sowing date and variety.

5.3 Significance of £

So that the statistical model chosen respects the constraints
of the multiple regression, we introduced a variable
(equation 5), for which we have tried to estimate the
variability. To understand the significance of this
parameter, we must realize that the inversion of the model
will later rely solely on the variability of the percentage of
surface area per crop. This means that the accuracy of the
estimated reflectances for each crop is assessed very
indirectly.

It is only a knowledge of e that can give us the actual
radiometric variability. But this can only be calculated for
she case of where high resolution information is available
(land use and corresponding reflectance measurements). We
must therefore try to determine the amplitude of the
variation and find laws of variation.
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Table 4 shows an initial series jo£ results on the variation of
£. We calculated the ratio (e / R .j) x 100 (equivalent to a
coefficient of variation) for each crop, channel and date. For
XS3, the measurements taken in April exceed 20%, while for
the other dates they are around 10%. The measuring date and
channel seem to be more important than the crop.

6. Conclusion

The deconvolution of coarse resolution images to identify
the influence of different types of land use in the response of
NOAA pixels enables us to go from overall average
temporal monitoring to a finer diachronic study by crop or
group of crops. The comparison of spectral response from
region to region and year to year should provide a better
understanding of the incidence of different types of crop
forcing on biomass production and perhaps on yield.

This methodological study has shown that the use of
statistical techniques in the inversion of the mixture model
is possible provided that a certain number of conditions are
respected in the choice of explanatory variables (land use
themes) and statistical units (coarse resolution pixels) taken
into account.

This statistical approach offers, among other things, the
possibility of calculating a confidence interval for each
radiomctric response given by the inversion. The
knowledge of these results, in the absence of any control
data (which is the case in operational use of the method),
allows only the truly significant values obtained from the
inversion to be kept.

Additional studies need to be undertaken to measure the
model's sensitivity (variation of e) using specific
radiomelric value simulations: study of the influence of an
increase in the variability of radiometric responses of crops
on the accuracy of the values obtained after inversion, and a
check on the capacity to show up an accident concerning a
limited group of crops among all the themes present. The
effect of the quality of the registration between coarse
resolution radiometric data and the corresponding land use
on the accuracy of the results should also be evaluated.

3. Tucker, C.J., Vanpraet, C.L,, Sharman, M.J., Ittersum,
G., 1985, Satellite remote sensing of total herbaceous
biomass production in the Senegalese sahel : 1980-1984,
Remote sensing of environment. 17, 233-249

4. Guerif, M., Brisis, S., Seguin, B., 1991, Combined use
of earth observation satellites and meteorological satellites
for crop yield assessment in semiarid environments, 42nd
Congress of the International Astronautical Federation.
Montreal, October 7-11 1991.

5. Fisher, A., Podaire, A., Baret, F., Delecolle, R., 1991,
Modélisation de l'évolution temporelle de la réponse
radiométrique mesurée par les capteurs à large champ sur les
régions agricoles tempérées. Proceedings of the 5th Int.
Coll. Courchevel, 14-18 Jan. 1991.

6. Justice, C.O., Markham.B.L., TOWNSHEND, J.R.G.,
Kennard, R.L., 1989, Spatial degradation of satellite data,
International Journal of Remote Sensing. 10, 1539-1561.

7. Woodcock, C.E., Strahler, A.M., 1987, The factor of
scale in remote sensing, Remote sensing of environment.
21, 311-332.

Acknowledgements

This research has been supported by the Centre National
d'Etudes Spatiales (CNES) and the cooperation of the Centre
National du Machinisme Agricole du Génie Rural et des Eaux
et Forêts (CEMAGREF). The authors would like to thank G.
Saint of the Laboratoire d'Etudes et de Recherche en
Télédétection Spatiale (LERTS) for his helpful comments
and support in the work presented here. The CCR-ISPRA is
also to be thanked for providing the SPOT data.

REFERENCES

1. Tucker, C.J., Gatlin, J.A.. Scheider, S.R., Kuchinos, A.,
1984, Monitoring vegetation in :he Nile valley with NOAA-
6 and NOAA-7 AVHRR. Photoeramm. Engen. remote
Sensing. 50, 53.

2. Justice. C.O., Townshend, J.R.G., Ho'ben, B.N.,
Tucker, C.J., 1985. Analysis of the phenology of global
vegetation using meteorological satellite data. International
Journal of Remote Sensing. 6. 1271-1318.



841

NORTH-CKNTO-M. MI-AICO IJlA K CK-VMA KANGKLANU BIOMASS
ASSKSSKMKNTATTHi: KM) Ol IHK K-MNY SKASON VSlNC NOAA-AVHRR-LAC

R. Kent (Jama-Dagui-r1 -

'Cranlield Insiiinic ni Tedmologv. Silsne C'UlIi-JU-. Kt-iuiilt- SVIIMIIU ('nil. SiNiH-, Bedford MKJS 4DT. ENCLANI):
;S-\KII-INII-'M'-( Il \l>--\<;s. I'iilirllnii. \};iiasculienics, 2116»), MEXICO

\IISTK\CT

Nui-inalÎ7t'[l Difference Vegetation lii(U-\ (NI)VI) data derived from Hie
-XVHKK-MOAA satellite I'ur Hu- I1J1JII end-season growing period for the
Mrxicun I)IiIt- grama (llouteloiia yraeilisl art> cnmpared will) hiiiimiss
I'sliinaU's. -\ Hi-IiIiM(I siirvev programme KUS cimillH'lt'd ill
XHuascalientcs, nnrth-cenlral Mexico involving I)IiIh visual estimates
und cli|>|u-il plut!, nlinilili- sampling U'clini<|Ui'). Kit-Id measurements
ut' hininass nl' herbaceous S)H-I-K-S were made for 22 sites in November
IM1JO. '!'lie sites Mere 1km- and were rx-prcscntativr »!' till11)IiIe Crania
rangelund vegetation IvIH-. . Relationship lietueen M)VI and hioinass
»as olilained thrnugh regression aoalvsis. The correlation obtained
»as r-U.TI when sites covered »ith trees »here eliininaled Irmii the
data set.

KCV words: Mexican rangrliind. biomass production, diilllile sampling
lcthnii|iir. \O-XA-\\IIKK-I.XC.

I. INTKOI)I ( TION

Kangclands of the world art- rene»ahle resoiirees vital Iu the survival
ol human and aiiiniiil popnlalion.s. Depending iipnll the definition of
rangclaild uhii-h is used. rangclands oeeil|i> between 45-51) pereenl "I
tne land arc.-i ol' the planet, l.argt' expansés of ftingelaiid are !'(lurid in
\lriea, Asia (pal -ienliirl> in the Soviet llnion anrl Chinai, Australia,
Central Ameriea, Knrope, the Middle Kast, North Ameriea, and Smith
America. In Mexico, where the profc.ssion ol' ran^e management
started in the IaIe llJ5lls. hetueen 41) and 45 percent ol'lhe land area is
classified as rangeland iKel's. 4. 1. 111.

TIu- Technical Committee lor Uetermtii^ Carrxili}; Capai-ilies
il ()IK( (K \i and the National Insliinte ol'tieojtraph.x. Statistics and
Data Inlornialion ilMX.Il are the agencies lor preparing an inxenlorx
ol renenahle natnral resources in Mexico. The) are rei|llired Io
provide hasic ecological information which sénés as tlie hase l'or
iiionilorin^ at-lnal ^ra/iiiK use, ran^eland condition and trend, and
climatic aticl soil conciliions. Monitoring these changes is dillicull and
expensive over IaI-^e and remote areas. This poses a prohlem Io
COTI-ICOC-X. who have Io estimate and map the ve^elatioa cover.
hiomass prodncli mil botanical coin position lor each ul the
raii|;eland Ixjies ol northern and central Mexico. The cost ol the
ciinvenlional survev lechnii|lies used In COTKCtïC-V renders such
traditional methods iinsnilahle in areas oi low capital ilixeslment.

Hie moiiiloriii|> ol reitional raii|ii-!and is an area ol slnil.x llsinn remote
sensing that hus attracted most interest in terms of cooperative
research, recognising the dillïcullies encountered in elTeclivel.v
recording the situation in large areas of terrain h) conventional
ground-bused technii|ues (KeI. 01. Since resource invelllorie.s have
large niannouer re(|iiiren)t-i)t.s. the snm'ssliij ti.st' i)t* .vatellitt' remote
sensing \vstem> wotild reduce the Held time and total manpower
rcipiimnents anil also reduce the cost of Hie inventor) process.

The ohjcclivc ol'lhis paper is Io present Hie results alter a cnmparatixe
slud.v ol'AVHKK-I. VC-M)VI and m'omass production collected in the
field during the end ul'llie rainfall period ol I1JiJII.

2. MATKRIALS ANI) MKTHOI)S

2.1 Description ol'lhe Sillily Area

This slii(i) was carried out in an urea ol' approximate!) 24(H) knr
ISiIiIlL-IiIUa raiigelund I)I1Il Iriim south Xucutecus to wi'slmi
Agiiasvulieiiles in iiorlh-iTiitral Mexico (Figure I). The area lies
hclwmi longitude 11)2° 23' and 11)2' 55' W and latitude 21° 57'and 22'
MY N ul an average elevation of 2260m above sea level.

The thirtv )ears |I'J4.*-I'J7.<) mean annual teiiiperature in this region
was 17* C, vvith a mean maximum and minimum of 21* C and 15* C,
respective!). Mean rainfall was 4(J2 mm. Soils are main!) of volcanic
origin and range from sand) loam Io clax in texture. The mosl
iniporlanl species on a hiomuss basis are spruced grama ( Boutelona
chondrosioidesK wolt'lail (l.vcurns phleoides). hllle grama (It. uraeilisl.
nuililv }il.l^^ (Miihlembei-gia rigidai and short grass (Microchloa
kiinlhiil.

The 1"J1JI) rainv season was liighlv elfieient, both in the total
precipitation and distribution »1 Hie rain ulik-Ii It-H. tVW ha-, keen
reported as a heller )ear than others in the IVKDs for hiomass
production, receiving 22', Ki(MI mini more than Hie liing-ll'nn average
rainfall (KfI. 111).

r igure 1. Map of the Stud) Areu in Aguuscalicnlcs. north-central
Mexico.
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2.2.1 Selection <it Sample Sill's. Im-I]IyMu I kill-' MlIlI) Mil's were
selected aller carcliil examination < i l l.inuls;il MSS anil SP(VI' images,
.it-rial photographs .nul I:51MHH) lupugraphic and vegetation maps (Ki1I.
5t. Reconnaissance nu (i*- ground mis undertaken lu cnnlirm thai
sill's were reasonably iiiiitorin anil representative ul'tlu' region. Smut'
silrs occurred in isolated small hills al ilu1 t-asl anil mirth of the studv
.irc.i. Kigli l silts UiTi- iiK'Inili-il in ri'sli-il pastures and till' remaining
urn's 1 1 4 » WiTt- nn cuinninnol lanil i K j i d o t gro/rll li> I'altll*. shi'l'p,
horst's. goals ,nid donkcvs.

2.2.2 Sjmiple Si/c. Tin- formula dcscrilu'd in Ki'l. 2 was employed to
c'ali'dlali' Ilii' nninliiT ul samples rcipiircd tu give hiomass I'slilnatrs
w i t h i n .1 conlidi-iict- l imil itl 0.15 iTrnr ul Ilii1 ini'an. Kesulls truni
st'UTal experiments UiTi- cuinhhiril Iu i-slahlish thai ucighls frum al
Ic.isl 52 s.inipli' jilnls ul 0.5 l>> 0.5 iiii'lu-s id.25 in- l i|iiadrals HCIT
i'i'i|llilT(l in urdiT Iu maintain the variance ul hiuinass fsliinali's Iu
u i th in I5'r ul Ihf ini'aii.

2.2..* Ititiiiiav* c<ilU-i-liini. In i»nli-r inininii/f ililliTfiu-i's dm- Iu
UrUUlI i .in<l plienulugical sl.igcs. Un- sampling uas done during Ilii*
llrsl IMII weeks ul November I1J1XI al llu- 1'inl ul IUi* rainy si-asun. (cnd-
si-asunl.

Sampling pints were distributed in a raiuluin order along a central I
km IransiTt within each stud> site. TIu1 nuinlHT of estimated
i|uadrals and llu* priipurtinn harvested di'pi'iid un the accuracy
IYt(UImI. .•* ratio nf •>:> /.5J.1!.') l>fl»mi >j>u;j)h ^limalrû J)IwIs am)
clippi'il pints uns iiiluptrd for hioniass data I'lilk'cliun. Thi' increased
iuiiiiluT nl' samples \iill mluu' tin1 effects of small-scale changes along
till' IransiTt and the oicuracy «ill hi' huprnvcd when estimating mean
hiiimass ul'tlu1 piipnlatiun (KcI..*).

During till' sampling pvriuil, a three man li'ain was able I» clip 2Xfi
plots and visually fslimalf 1144 plul.s in 441)11 ha ill III days. Visual
estimates UtTi1 nul compared MiIh tin* clipped weights during UK* day
work. The persnn doing visual estimation also had no prior knowledge
tii which (|liadral Mould IH- clipped. Tlii'se precautions were taken In
ininiini/e bias, '!'lie actual Held estimates Mere made of Met Meights
clipped Iu tin' ground IfM-I. The haru'Mcd xalue.s ul' the 22 slnd.i sites
Io Mhich the calihraliun is made Here uM'ii-dried Meii^hls al XII* C' lor 4K
lioiirs.

:..' Satellite Data

2..*.I linage I'rucessiiitf. Scenes ul \ \ I I K K local area cu\era^e (1-ACl
data ol Mexico HITC ohlained Irom M)AA-NKSI) IS in Washington.
!).('. One scene \\as selected un the hasis oi near-nadir vicHhiK and
IUM |>ercenla^e ol' cloud COMT \thicli coincided Mith ground surve> end
ul' the rainfall period. Ml ima^c processing uas carried out ilsin|> Ihe
4ÎKMS inleraclive sislein in (lie Keinole Sensing I nil al Silsoc
i'olli'|ie.

l-.acli channel Mere KcomclricaU) re^islcred nsin^ .iroiind 40 ground
control points i l iCINi . inaximiiin error in rcgislratiun Mere IMO
kilometres. l!ioii};li reiiislratiun simuesled that the aM'i-a|>e errur du nul
exceed one kiloinelre in tin- \ icinil\ ol |he slnd> area. -\n improved
^eugraphic piisitiunin^ ol 1 km Mas obtained through an interactive
prucess of re^islering Ihe image tu ilic voasfal line of a digili/ed I-'I'M
(I niversal Transversal Mercatun map of Mexico n.sing SPANS and
KKl)-VS s\slelns and Ihen rcsanipled tu 51) metres pixel spatial
resuliilion. -Vllerwarils Die resiilling "luu-high" resoliilio» image was
registered and geo-inatclicd Io a Landsal MSS (50 m pixel si/el image
using 25 (JCPs.

2.1.2 Satellite \eyetalion Index. Researches IKUC proposed a inimher
ol spectral vegetation indices premised on the contrasts in spectral
retleclance IH-IVVCCII green végétation and background materials (KeI.
ui. \ll ul the indices are computed, al least in parl. I)V calculating a
dilleri'iice or ratio of visible to uear-inirared measurements. This
calculation niiiiimi/es the etl'ects ol variable background hrightness
Mhile emphasi/ing variations in Ilie measnrements that occur iH'cansc
ol varving green vegetation densitv. The iiormali/ed (lillereiice
vegetation index i M A I i is re|)iTsi>ntalive ol various si>»'-!ral
vegelatiun indices. I'he M)V I delini-d as

M)VI = !Channel 1 - rhaiinel 2 / Chaiinrl I • Channel 2l

Hlit'rt',
Cliannel I = visible spectral measurement (ll.5Kr.ui -O.nXf m)
Channel 2 = near-infrared spectral nieasuremeul (0.725um - I.I uni)

uas used to demonstrate a relationship nith hiomass production.

.V KKSIiLTS

The Mork presented in this research provides results of the analysis of
AVHKk-I.U data lor monitoring rangcland xegelalinn of north-
ceiilrul Mexico. ( )f particular importunée are Iliuse usiwcts of this
research progntnnne Hhich Mere originally ideiililïed as being
parlicularlv relcvanl Iu the future develupnient of rangeland research
techniiples.

1'he Held data tor this research ucrc cidlected using an extensive
double sampling strategy uliich involved over 2,X(HI clipped
measurements and visual estimates of hininass prudiiclinn and
exclusive of other ecological variables obtained in the Held. All
measurements Here underlaken uilhin a flexible but «ell defined
sampling I'raiueHork whieh permitted the compilation nf u sufficiently
large and accurate Held dalu hase upon which decisions could be
made. This compilation of ecological information was essential in
order Io quantify the relationships between satellite derived NI)VI data
and measured hiumass production. Difficiillics and advantages were
luiind in the develupinent id this ilouble sampling mcthnil (Kef. .<).

Although field data have not formed a significant cninpnucnl ol
AVHKK-NI)VI research in previous sludies, (here is no cliiulil (liar
mure emphasis niiisl he placed upuii developing and impleim'iiliiig
sampling strategies, similar Iu thai used in this research, MI that
detailed and eunliiiiiuus Held ineaMireiuents can be collecleil lor -i wide
range ofsiles.

The study area possesses nmny types of grating lands which (lilli'r
considerably ( i n llorislic, hiomass levels ami si/e) from all previous
sludies in Africa, Auslralia and I'.S.A. Must of these studies have
concluded that exists a close relationship In'tween "basal cover" and
"hiomass". lloucvcr in this study a no such close relationship was
found (r~ = (MI.*) between these two variables at bulb sampling periods.
One of Ihe reasons for this deviation from other studies has been
shonn Io he due to cover measurements uhirh were based on the
interseclion of the base [tart of the [liant and soil surface and not on
the entire i.e. foliar cover expressed by the plant. This low rvlalinnsliip
may IH' expected to vary vvilh taxa, habitat types, hiolypvs on different
areas representing file same liadilat type-, stagr «f gnmth, find Mi-.-iOicr
conditions. A miihlv grass I MnIiIfiibfryia riyidal plant mu.v produce
as much forage nn only half Ihe area covered by a purple gram»
I Bnulelouii cliondrosioidi's i plant. Therefore, cover is nul a reliable
criterion of forage production helneeii different taxa. If foliar
coverage is inadéquate for this purpose, basal urea is inlinitely worse,
for two plants may have the same liusal area but differ KK)-FoId in dry
mailer production Foliar cover avoids the \vry serious difficulties of
the basal area IaII) in that the problem of comparing rhizomatous and
caespiltise species, single-stemmed bushy forbs. and shrubs is no)
encountered. It has added advantage nf being more closely related to
forage availability to livestock, than is basal area.

Hiomass production csliimilcs in Kg of dry matter per hectare (Kg
(I )M) ha ' fur the 22 ground sites sampled and extracted NI)VI values
are presented in Table 1. Considerable differences occur from «me site
Io another. Iliomass production ranged fruit 261 to 2165 kg (I)M) ha
1 and NI)VI ranged from (US In 0.27. <;eoj;ra)>l>ii-al variations in
rainfall and land use management produced a range of over 19(14 Kg
(I)Ml ha'1 and IMI25 in NI)VI al Hie end of the rainfall sampling
period.

Linear regression and inverse relationships were calculated between
hiomass production and M)VI, taking the M)VI as the dependent
variable (Table 2>. Kxists some debate as to which the variable, the
M)M ur Iliomass production, should IH' the dependent variable ill a
regression analysis. The fact that hiomass proilucliuii determines the
satellite rcllcctancc-hascd vegetation indices-mil viceversa-suggesls
that M)V I should be Ihe dépende»! variable (Kef. U).

Posilive relationsliip of r = (l.7" (Table 2) I'nund between satellite
derived NI)VI and estimates ol Iliomass production are nearly similar
In thnse obtained in Africa (ReI' 7). This suggest lhal Ihe NI)VI
provides a consistent and generalized means Io IH- used as un indicator



Proceedings ol thé Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341 July 1992)

843
\

!'able 1. Sunmian ol tin- duta ol'Imunass production and M)VI t'ntm
22 ground silt's in A^uasi-alii'iiti's, nortli-ct'iitrat Mexico ill
Ilif i'iid nl rainfall ,sampling sampling period ol' 1990.

Study
Site
l No.)

,

2
3

4
5
6
7
X
9

III
I l
12
13
14
15
16
17
IX
IV
2(1
21

"

F.nd of the Kainy Season Sampling Period

Kioinass

2165
643

11. V
2VX

1 1. W
692
37(1
275
6IX
4M
261

MLJ6
X96
.(7I
619

9(15
!.«III
X93
662
6X9

54(1

''-"'

SKv'

556
275
127
27

1X7
XX
51
35

143
64
26
5X

25X
57

122
124
1116
132
74
94
45

Mill

SKx"

244
103
KIX

111
HIX
411
77
12
6X
27
11
X5

212
25

1X6

43
75
41
Xl
61
32
75

M)VI

(1.274
0.231
(1.247
11.211
(1.254
(1.247
0.223
0.243
0.231
0.2V(I
(1.254
11.254
0.250
0.223
(1.235
0.25X
0.266
0.2X2
(LJ33
0.243
0.227
(1.235

Table 2. Results from the biomass produclion-NDVl (a) linear
regression analysis and Il I inverse relationships I'nr the
original and revised study sites.

Hrslly, it is concluded thai predictive equations could IH- constructed
uhicli enable himnass of herbaceous vegetation to In estimated Iron)
-WIIKK-LAC-M)VI. but only il Hit- relationship is applied to siU-s
having the snint' t.vpi' of species compo.silion as tbiit lor which llu'
équations HU re derived. In Illis case tree caiuipy re liée ta nee from five
study sites obscured the relationships h> influencing the extruded
NI)VI.

The impact ol' tret* cover on satellite estimates of rangeland binmass
has to be IuIIv quantified (Figure 2 ). Stratification of the scene stud}
area lor the selection of study sites using either recent maps or
satellite imagery is therefore an important requirement for the
application of remote sensing prior to the ground survey assessment
programme. From a purely technical viewpoint, it is recommended
that for future work meus u renient s of biomuss and canopy cover of
trees should be curried out either from ground sampling procedures
or from light aircraft at an clevalioii of 300-5(MIm above ground in
order to better integrate satellite \egetatinn indices and terrestrial
data (Kef. S). This would warrant the integration of the leaf binmass
of wuody species, which in the present research were not integrated
since Ihev are included in the satellite data but not in the- ground
sampling. It is expected that this procedure would IKTIIIÎI a
relliieineiil and improvement of the present!) used m et Iu idol «gj.

Secondly, the wide Held of view ol AVIIKK iiislnimenls results in an
inherent distortion of ils imagery considerably affecting Ihe location of
a pixel corresponding to a given set of geographic coordinates such as
(it"l*s or ground study sites. These distortions, if not proper)}
accounted lor, prevent meaningful cnmparisnn among successive
orbils particularly in innltisalellitc data studies or in sequential
temporal cninmisition image aiial.vsis.

Most of the techniques claim to achieve errors within 1 or 2 pixels,
others require large number of well-defined and well distributed Ci(Ts
but the process of loaning mam (id's is often tedious, time
consuming and smiii'limcs even impossihle due to the low spatial
resolution. Therefore, there is a need l'or a mure accurate and suitable
image referencing technique for general rangeland management
applications. The aim is to have a geometric correction of imager} In
an KMS of less than I pixel, and to reduce the nuinIKT of Ci(TN and
o|>e rutor time.
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and thé establislinieat of liing-lerni observations for temporal
calibration need In lie examined, and the physical cause of the
relalionshij) needs to be understood belter before it can be regarded as
sufficient'.* robust lor routine applications. These results encourage jo
determine the relevance to the Ministry of Agriculture and Water
Kesources (SAKHl of Illis inelhodologv Io produce a vegetation index
readily available from locally received satellite data capable to monitor
nuigelund areas ol the size studied here and Io measure pasture
growth and condition lor use by the agricultural community and
rochers in daily management .and forward planning in the arid and
semi-arid regions of Mexico.

Many of these results conllrm and supplement the findings of other
studies investigating the potential lor use of AVHRK-NI)VI data for
monitoring vegetation (Kef. 7|. However, it should lie mentioned that
the utilization of AVIIKK orbital data is also subject to limitations and
constraints:

O ::00 400 HOO HOO 1000 1200 1400 1600 IBOO ZOOO 2̂OO

BIOMASS PRODLTTION [Kg (DM) ha ']

Figure 2. Relationship between 1.AC-M)VI data and binmass
production at the end ol the rainy season in 14V».
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CMTOGRAPHY MD STATISTICS OF CROPS UNDER IRRIGATION
IN THE DONAIU AREA OF ANDALUCIA THROUGH THE USE OF LANDSAT-TH

IMAGERY AND ITS INCORPORATION INTO A G.I.S.

A. Fernandez Palacios and A. Gonzalez F.
A.M.A.C Environmental Agency of Andalucia >. Seville. Spain

ABSTRACT

The surrounding area of the Donana National Park has
been affected, since early 1970s, by an irrigation
land use expansion. This is seriously disturbing the
local aquifer reserves and, thereby, the conservation
of the natural spaces.
In order to better understanding and anticipate
management policies, a procedure involving sample
methods, digital processing of Landsat data and G.I.S.
databases was developed to account for irrigated crops
area estimation and spatial distribution.
Because of the low cost and readily adaptable
attitude. Remote Sensing approaches proved to be
powerful tools versus traditional procedures when
dealing with dynamic spatial phenomenon such as the
one analyzed.
Keyword*: environmental monitoring, crop statistic and
cartography, classification assistance by G.I.S.

1. INTRODUCTION

Due to the biophysical conditions of the Donana area,
mainly sand soils and abundant marsh areas, the space
has been unexploited by human activities.
However, since 1970s, the situation has turned to
practices with a strong environmental impact such as
tourism and, especially, irrigation agriculture.
Based on some advantages, local coastal agricultural
practices are characterized as speculative for early
crop productions. The great aerial extension of this
activity, helped by a high profitability, causes the
destruction of forest areas, underwater contamination
problems, as well as affecting the aquifer
overexplcitation.
Moreover, such a phenomenon is damaging not only the
conservation of valuable natural ecosystems but also
the main resource for the economic development of the
area: the water.
In this way, management policies require an accurate
knowledge of the quantity and spatial distribution of
the irrigated crops as the major consumer activity of
the water resources.
Nevertheless, the extreme complexity of the area
regarding natural and agricultural mixed spaces, crops
diversity, smallholding farming and, especially, the
great dynamism of the area due to the speculative
character, explains the difficulty in applying
traditional procedures such as aerial photography,
field works, sampling methods, etc. to study the
matter.
With the need to establish a procedure able to combine
quantitative and cartographic evaluation of the
irrigated lands the use of remote sensing and G.I.S.
provides clear advantages for the management and
monitoring of such environmental questions.

2. OBJECTIVES AND DESCRIPTION
OF METHODOLOGY.

The specific aims of the work may be resumed in the
evaluation of the irrigated crops in a two-fold way:
- a quantitative one, to ascertain the area under

irrigation in 1991 in order to determine the volume of
underwater extractions for agricultural uses,
- a cartographic one, to show the spatial distribution
of those practices and determine its influence upon
the aquifer according to the concentration or
dispersion trends.
For these purposes, the methodology was designed from
the A.H.A. software utilities, AMATEL, and SinambA
(Environmental Geographic Information System of
Andalucia) databases in the following manner.
The estimation of the irrigated area was resolved
through the European Community Research Centre method,
based on ground sample data combined with digital
classification of satellite imagery for a regression
estimator.
Mapping goals were determined by supervised
classification of Landsat-TH data, which was improved
by incorporating digital cartography during the
computer process.
Basically, the designed procedure employed three main
sources: statistic data coming from field survey,
Landsat-TM imagery and G.I.S. databases relating to
land use and land cover mapping.
The study area selection.was adjusted to the aquifer
limits according to the National Geologic Institute
delimitation. Dates of study were fixed to the
irrigated crops cycle, the 9 of May and 13 of August
being the optimum dates for gathering all the
irrigated crops with regards to Landsat images
availability.

3. ESTIMATION OF THE AREA
OF IRRIGATED LANDS.

A stratified random sample procedure was established
to estimate the irrigated crops area.
The recommended sample, 1.5X of the total population,
was increased up to 2.24% because of the area
complexity. That sample size resulted to be 80 700x700
m. sample units with random distribution over the two
defined strata: natural vegetation spaces and
agricultural spaces.
Those sample units were visited on site, collecting
data in two types of documents: 1:5.000 aerial
photographs, in which parcel boundaries were drawn,
and field documents recording different information
about crop or cover type, extent of growth, ground
cover percentage, etc.
After field surveys, data obtained were recorded and
digitalized by computer means that allowed us to
perform two approaches to the studied lands: from the
solely stratified random sample and from a regression
estimator of the field data with Landsat
classifications results.

3.1 Area estimation fro* the stratified randoa saople
approach.
An early irrigated land estimation could be directly
performed from field documents data and sample unit
areas.
In that way, crop areas and their variance coefficient
(v.c.) were calculated.

Proceedings ot the Central Symposium of !he 'International Space year' Conference. Held in Munich. Germany. 30 March-4 April 7992
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As shown in Table 1, high v.c., varying around SOX,
were found for each crop and in the total irrigated
area. This was expected due to the area complexity,
which underlined the insufficient sample size for
accurate confidence levels despite increasing it up to
2.24X
Because of this, the development of this sole sample
method to solve the quantitative goals of the project
was considered inappropriate, since improving the
confidence levels would require an increased sample
size and, therefore, a greater effort in field
surveys.

3.2 Area estimation fro» the regression approach.
Landsat imagery classifications were carried out by
taking the field units as training areas.
For these goals, Landsat images were geometrically
corrected, as Mere the field units to the former ones,
in order to obtain spectral signatures of crops and
other land covers directly from field data. Next, the
regression estimator was applied to classification
results and the stratified sample data, allowing us a
new set of irrigated area estimations as observed in
Table 1.
As it was expected, this approach showed more accurate
confidence levels deduced from the lower v.c. obtained
for the whole area as well as individual crop areas.
Moreover, the regression estimate caused a decrease in
the total irrigated area with respect to the former
approach.

4. IRRIGATED LANDS CARTOGRAPHY.

In addition to the irrigated land estimation, a more
qualitative goal was determined to obtain appropriate
information about the spatial trends of such lands
and, thereby, complete the assessment of aquifer
conditions.
For these purposes, first, a common digital
classification of the Landsat scenes were developed by
means of the maximum likelihood classifier. In view of
the results, a specific procedure based on the
integration of SinambA databases in the classification
process was designed.

4.1 Naxiaui likelihood classifier.
According to the supervised classifier requirements,
Landsat scenes were submitted to a previous analysis
to establish the classification spectral classes.
After taking the training areas, the maximum
likelihood classifier was developed with the six TM
channels, excluding the thermic band.
Classification accuracy was studied by contingency
table performances. It was placed at 93X in the first
date and, a little higher, 94.3%, in the August date.
Crops classification accuracies reached similar
figures: 98% for orange trees and slightly inferior in
the August date, 90.4%
Irrigated herbaceous crops in the May classified
image, which mainly coi respond to the strawberry crop,
showed a 100X accuracy, and close percentages in the
August image: 98.SX and 97.3% for rice crop.
However, such classification accuracies had no
correspondence to the classification graphic outputs.
Clearest errors were mainly pixels classified as
orange trees within non agricultural spaces, such as
forest areas or marsh areas of the Donana Park.
Those mapping errors lead us to highlight up some
considerations. Firstly, that the above classification
accuracy levels are relative, because they refer to
the statistic classification achievement only of
training areas. Secondly, and more important in our
opinion, these mapping errors are unavoidable by a
sole computer process, since they relate to the
spectral confusions among classes, especially, when
they do not have a defined spectral response pattern

or when different covers have an identical spectral
behaviour.
These considerations disable the above procedure for
the cartographic goals stated in this project.
Therefore, a more suitable methodology for mapping the
irrigated lands was established.

4.2 Assisting the classification process by G.I.S.
integration.
The new cartographic procedure consists of including
one of the SinambA graphic databases, relating to the
Land Use and Land Cover, in order to assist the
computer during classification process.
Several preliminary tasks were necessary, such as
conversion from vector to raster of the G.I.S. data
and the geometric correction to the Landsat images.
Then, the digital Land Cover map was integrated as a
new image channel in order to be used in the
classification process.
As a result of this, it was possible to perform a
maximum likelihood classification of the images, in
which the G.I.S. channel operated as a priori
discriminator to determine the possibility of
occurrence of the spectral classes in the digital
cartography keys as shown by Table 2.
In that way, land covers with similar spectral
response but clear spatial locations, such as
irrigated crops and marsh grasses, could be
discriminated by determining their likely occurrence
in appropriate levels of the SinambA covers.
Contingency tables from the assisted classifications
showed a sligth improvement with respect to the
previous approach.
Moreover, as a consequence of the performed procedure,
classification errors due to class confusions were
reduced, therefore, causing more accurate cartographic
results.

5. RESULTS AND DISCUSSION

5.1 Quantitative Results.
As mentioned, irrigated lands estimations in the
Dohana area, through whichever approach performed,
underlined the inappropriate sample size in order to
estimate individual crop areas due mainly to the
complexity of the area. As a result of this, the best
estimations of crop areas, deduced from a suitable
achievement of confidence levels, are only the ones
with major spatial representation.
Final irrigated land area estimations, obtained by
different approaches, are shown in Table 3. Due to
high v.c. for individual crops, these have been
grouped in order to achieve more accurate results.
In this way, similar figures, over 16.500 has., are
shown by the stratified sample method and the
statistics offered by Regional Agricultural
Institutions. Results from remote sensing procedures
go down to 11.500 has. approximately.
Such a coincidence of the quantitative results
obtained through two different ways, joined to the
higher statistical confidence level of the regression
method, induce to consider the last area estimation as
the more accurate one.

5.2 Cartographic results.
The efficiency of the assisted classification
procedure was demonstrated in the contingency table
analysis as regards decreased computer classification
confusions. Graphic outputs also showed the accuracy
of the designed procedure to reduce mapping errors
when using a traditional digital classification
process.
Furthermore, an independent check of classification
results has been carried out by generating contingency
tables using now field units and not the training
areas as before. Results can be seen in Tables 4 and
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5 for two of the analyzed crops.
As shown, percentages coming from the assisted process
display a double trend: the increase of the statistic
accuracy and the decrease of the spectral classes
confusions what, consequently, contributed to the
accuracy of the cartographic results.
So, the irrigated herbaceous crops on the Hay date,
not only increased the confidence level from 73X to
75.3X when integrating G.I.S. cartography, but also
there was a significant improvement with respect to
the class confusions.
Regarding the second image date, August, the same
effects can be observed. Rice crops reach a
cartographic accuracy of 81.5% in the designed method
versus 37.SX in the ordinary one. Finally, relating to
the citric crops, the efficiency of the assisted
process in decreasing class confusions is more evident
as shown by the contingency table.
Summarising, the above considerations allow us to
validate the development of computer classifications,
helped by the integration of G.I.S. digital mapping,
as a mean of improving the spatial distribution of
phenomena suitable to be studied by digital processing
of satellite data.
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6. CONCLUSIONS.

The study has shown how a G.I.S1. integrating
satellite imagery as another tool, can offer a
valuable aid to monitoring environmental problems of
dynamic spatial and temporal behaviour. Moreover, the
possibility of obtaining documents showing accurate
spatial distribution of the irrigated crops over
different dates, through a simple procedure, becomes
of significant importance in management policies at
the same time as being dynamic data to put into
groundwater basin models.

- ' ' * *

Irrigated lands cartography. The G JtS. assisted classification (on the right) shows nroreacœJtaenrepp^rœute m retefon to tto
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MAY

15661 50.6 10482 22.9

Table 1. Estimate of irrigated lands obtained from the alternative methoddoaes.

AUGUST

Oof»

Cotton
Omet
Strawberry
Otrics
Sunflowers
Rice
Com

FBXtSAMPlMG
ATM / v.c.
IHa.) <%)

2734 51.2
2101 67.2
6417 31.3
3117 59.8
1292 96.5

REGRESSION
AIM/V.C.
IHi.) 1%)

1504 30.0
1198 31.0
5063 15.5
2139 26.6
578 21.7

FBDSAMPlNG
AIM/V.C.
IHi.) 1%)

2951 47.6

3134 59.5
1535 82.0
7269 41.8
515 78.4

REGRESSION
AIM/ v.c.
IHi.) 1%)

806 27.4

2616 24.9
1291 43.0
4517 9JO
542 62.7

15404 51.7 9772 22.2

FIELD
SAMPUNG

REGRESSION
ESTIMATE

ASSISTED REGIONAL AGRICULTURAL
CLASSIFICATIONS INSTrTUTIONS (FOR 1989)

VW '1

IRRIGATEDHERBACEOUSCROPS 13665 8612

IRRIGATEDWOODYCROPS 3117 2760

RICE (7284) (4517)

TOTALIRRIGATEDAREA 16782 Has. 11372 Has.
(ExduoSng rice)

10257

1322

(3860)

11579 Has. 16445 Has.

Table 3. Comparison of final estimations by sampSng or remote sensing approaches.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 37.5 OX» 0.0 9.6 4.9 7.6 6.3 0.0 0.0 0.0 0.0 OjO 0.0 3.9 14.5 10.7 OjO OjO OJO 0.0
OX)
0.0
0.0
0.0

29.1
OX)
19.4

0.0
6 0.0 10.2 0.4 OX) 0.2 83.8 0.0 0.0 0.2 3.5 0.0 0.0 0.0 0.0 0.6 0.0 0.6 0.0 0.6 0.0
7 0.0
8 0.0
9 0.0
10 OX)
11 0.0
12 0.0
13 2.1
14 0.0
15 0.0
16 0.0
17 0.0
18 0.0
19 0.0
20 0.0

99.8
39.7
28.4
9.1
0.0
0.0
2.1
0.0
50.8
21.7
17.9
0.0
13.8
20.4

Jette 4. Contingency table of the Landsat-TM classification (13O8-91 ) for oHiios and ik» crops in relation to field units.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 81.5 0.0 0.0 0.8 0.0 0.0 4.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.8 0.0 4.3 0.0 0.0 8.5
0.0
0.0
0.1
0.0

0.7
0.0
0.0
0.0

6 0.0 0.0 0.0 0.0 0.0 99.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
7 0.0
8 0.0
9 OX)
10 0.0
11 0.0
12 0.0
13 2.2
14 0.0
15 0.0
16 0.0
17 0.0
18 0.0
19 0.1
20 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.7
0.0

TsHe 5. Contingency table of the G.I.S. assisted classification (1348-91 ) for citrics arri rice crops in relation to field units.

SPECTRALCLASSES

Kce
Vineyard
Ofve grove
Irrigated hecbaceous crops
Marsh bare sois

6.-Qtrics
7.-Wetsois
8.- Sparse pine
9.- Dense brushwood
1 0- Sparse brushwood

11.- Sands
12.-LtJCiOS
13.- Marsh grassland
14.- River vegetation
IS.-Eucatyptus

16.-Fines
17.- Natural grassland
18.- Oaks
19- Bare sois
20.- Water
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ABSTRACT

Under the North Sea Agreement, Norway is obliged to reduce
the discharge of nutrient salts from agricultural fields with 50%
by 199S. Remote sensing from satellites can be used to monitor
soil tillage in the areas concerned. An Experiment were carried
out which shows that it is possible to classify the different agri-
cultural classes with a high degree of accuracy using either
SPOT or LANDS AT/TM images. However, cloud conditions in
late autumn makes it interesting to investigate the use of satelli-
te SAR images to detect tillage. The results of classifying SAR
images which have been speckle reduced, show that ploughed
and stubble fields can be discriminated with a high degree of
confidence when the soil moisture level is high. The best result
is obtained using a field by field classification method. In an
operational system, corrected SAR images should be used as a
supplement to the optical images.

Keywords: Optical sensors, Synthetic Aperture Radar, soil
erosion, classification

1. INTRODUCTION

Under the North Sea Agreement, Norway is obliged to reduce
man made discharge of nutrient salts from agricultural fields

with 50% by 1995. This kind of pollution is rn particular due to
runoff from fields tilled in the autumn. The government has
implemented a policy to reduce ploughing in the autumn in are-
as vulnerable to erosion.The State Pollution Control Authority
(SFT) will monitor soil tillage in the areas concerned, in order
to determine whether the policy has the desired effect. For se-
lected areas, a soil erosion model will be used to estimate the
actual discharge of nutrient salts.

Remote sensing from satellites is probably one of the most cost-
effective methods for this kind of monitoring. Experiments we-
re carried out in the autumn of 1990 and in the spring of 1991
using optical images [I]. They showed that it is possible to disc-
riminate the field classes ploughed, stubble, harrowed, autumn
grain and meadow/pasture with a high degree of confidence.
However, the weather conditions in Norway in the late autumn
make it difficult to obtain cloud-free images, and are thus a li-
miting factor.

An other experiment was therefore carried out during the au-
tumn 1991 using ERS-I Synthetic Aperture Radar (SAR)
images. The SAR will be able to produce data from the earth

surface regardless of the atmospheric conditions, cloud cover
and daylight. The ERS-I SAR instrument has only one band
(one frequency at 5.3 GHz and VV-polarization). In general,
multiband data (multi frequency and mulli polarization) give
the best results (e.g. optical sensors), but the available data from
operational SAR systems will be limited to a single band for se-
veral years. The idea is therefore not to replace optical remote
sensing, but to supplement the latest possible optical acquisi-
tion with SAR imagery when necessary.

The most common agricultural classes in Norway is ranked in
the following way according to their erosion potential in de-
scending order: ploughed, autumn grain, harrowed, stubble,
and meadow/pasture. The dominating classes are ploughed and
stubble fields which normally constitute most of the areas.
Thus, it is most important to discriminate these two classes.

This paper first discusses the use of optical satellites for detect-
ing tillage practices. Then classification of fields using ERS-I
SAR images is described in more detail. Finally, a conlusion for
future operations is drawn.

2. OPTICAL SATELLITE IMAGES

2.1 The data set

Most of the agricultural fields in Norway are rather small. The-
refore, the spatial resolution has to be relatively high to obtain
a reliable classification result. Optical data with the necessary
spatial resolution is presently available from only two operatio-
nal satellite/sensor systems: Landsat/Thematic Mapper and
SPOT/HRV in multispectral mode.

Image data for two test areas north of Oslo (Leira and Vorm-
sund) was acquired on 6 October 1990 with Landsat and on 10
October 1990 with SPOT. Both areas coveredabout 1Ox 10km.

A second data set was acquired in the spring of 1991. Landsat
data was acquired on 20April and SPOT on21 April. SPOT da-
ta was ordered in advance with the off-nadir option. This gave
frequent acquisition opportunities increasing the possibility of
getting a clear weather image within a relatively small time pe-
riod.

Ground truth for the test fields were collected very close to the
mentioned dates. Data from these fields were then digitized and
transferred to the correct map projection in a CIS system. The
data could then be used as an overlay to the image data. This ma-

Proceedmgs of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341, July 1992)
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de il possible to restrict the classification procedures 10 the agri-
cultural areas of interest.

2.2 Classification

The classifier used was Haslett's contextual classifier [2|. The
method takes into account cross- neigbourhood and assumes
that the different classes follow a mullinormal distribution and
are conditionally independent.

While training the classifier, it was found that the classes au-
tumn grain and meadow/pasture could not be separated using
SPOT data. The two classes were joined to one aggregate class:
green vegetation. The result of the classification is shown in Ta-
ble 1.

The general experience was that the Landsat data gave better
discrimination between the classes, and it was possible to disc-
riminate between autumn grain and meadow/pasture.

It is important to detect all fields thai have been ploughed and
harrowed late in the autumn in order to monitor soil erosion.
This is difficult due to the high cloud and fog rates in Norway
in the autumn. This is why irmges obtained in the spring were
included in the experiments. The hypothesis was that the best
time of the year to detect fields tilled late in the autumn would
be in the early spring, right after the snow has melted and before
the spring tillage starts. This gives a time window of three to fi-
ve weeks, with a much higher probability of getting cloud and
fog free conditions.

The classification results is shown in Table 2 and 3. It is evident
thai data from both satellites gave results inferior to those obtai-
ned in the autumn.

Classif. rcsull (%)
Ploughed

Ploughed 100
Harrowed
Stubble
Green vcg.

Ground control areas

Harrowed Stubble

100 10
80
10

Green vcg.
8

8
84

Table I Confusion matrix for the autumn classification experi-
ment with SPOT. Point samples with ground truth lo-
cated in a regular grid through the scene have been
used for defining training areas and for control.

Classif. result (%)
Ploughed

Ploughed
Harrowed
Stubble
Aut.grain.
Mead./Past

43
44
9
2
2

Ground control areas
Harrowed

12
76
8
3
1

Stubble Aut. grain
1

22
33
2
42

6
12
9

51
22

Mcad./Past.
3
9
16
15
57

Table 2 Confusion matrix for the spring classification experi-
mentwithSPOT. Test areas with ground truth have be-
en used for training and control.

Classif. result (%) Ground control areas
Ploughed Harrowed

Ploughed
Harrowed
Stubble
Aut.grain.
Mead./Past

69
20
2
7
2

51
38
6
3
2

Stubble Aut. grain
17
8

23
19
33

17
5
O

78
O

Mcad./Pasi.
12
5

15
13
55

Table 3 Confusion matrix for the spring classification experi-
ment with Landsat. Test areas with ground truth have
been used for training and control.

2.3 Discussion

The classification experiments have shown that data obtained
in the autumn discriminate belter between the classes, than do
data obtained in the spring. This has directed attention to the
problem of changing characteristics of each class as a function
of time:

1. Ploughed fields are very dark after the ploughing. The mine-
ral panicles (from sand to small stones) are covered by dark
humus.

2. Surface erosion by rain, snow and wind will increase the sur-
faces content of exposed mineral particles, and the soil
brightness is increased. In the spring, large changes has de-
veloped since the autumn ploughing took place.

3. Harrowing can be carried out in many different ways, from
gently scratching the soil surface to treatment close to ploug-
hing. The result is a variety of spectral signatures.

4. In stubble fields the main change is due to the growth of we-
eds, which will increase in the autumn and spring.

5. Meadow/pasture develops different spectral characteristics,
depending of the chlorophyll content. This can lead to simi-
larities with stubble fields, stubble with weed and autumn
grain.

3. ERS-I SATELLITE SAR IMAGES

3.1 Field observations

Two test areas 20-40 km North-East of Oslo in Norway were
used in this study. They are called Kjeller and Leira. The Kjeller
area is rather flat. The relatively hilly Leira area was also used
in the optical experiments More than 100 test fields with size
varying from one to hundred acres were observed throughout
the autumn 199 !.These fields were manually classified by field
work taking place simultaneously to the satellite image acquis-
tion. The present classes were grain, meadow/pasture, stubble,
harrowed and ploughed.

The fields were plotted onto a map and digitized manually using
a CIS system. The vector data were converted to raster and ma-
de available as overlay images to the SAR data.

We wished to process the SAR image data without any form of
resampling from a rectification process. Therefore, the map da-
ta was rectified to the image data by matching control points
using a CIS system.

3.2 Terrain roughness and ploughing row structure

Tilled fields at Kjeller were observed with respect to the surface
rouhness and ploughing direction. Several measurements of
tillage height and row distance were made at each field. Compas
was used to estimate the direction of the ploughing with respect
to the ERS-I satellite flying direction at this latitude (60°
North). The tillage rougness varied a lot from field to field, and
even within the fields. This lead to difficulties in separating the
class ploughed from harrowed at some fields. The rough struc-
ture of a tilled field will also diminish during the autumn and
winter due to erosion.

3.3 Meteorological data

Meteorological data are recorded by the Norwegian Meteoro-
logical Institute. Rainfall and temperature were used in this
project to investigate the dependency between weather condi-
tions and the intensity in the SAR images. These weather data
are taken from Gardermoen Airport 10-20 km from the test
sites. Table 4 gives an example of these data.
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Air
DT
1
2

temperature (*Q
Ol
1.8
2.9

07
1.6
2.7

13
2.3
6.5

19
0.6
7.8

Tm
1.2
4.9

Tx
2.4
8.4

Tn
0.1
0.5

Rainfall (mm)
R07
0.1
10.1

R19
6.8
19.6

R
0.1
16.9

Table 4 Example on temperature and rainfall data. Tempera-
ture is measured four times per day. Tm = mean, Tx =
maximum og Tn = minimum. R07 is rainfall from 19.00
to 07.00, R19 = 07-19 and R = 07previous day to 07
this day.

et al. [3] who indicate that the relative permittivity from soil in-
creases with soil moisture, and decreases with temperatures be-
low 0° C. Beaudoin et al. (4| also show that C-band SAR with

an incidence angle of 23° (same parameters as for ERS-I) is
nearly optimal for detecting soil moisture.

Fig. 4 shows four vegetation classes in two ERS-I SAR images
taken 24. and 27. August over the Kjellerarea. It was raining the
24. Three days later it had dried up, which gave a signal reduc-
tion in the SAR image.

t

The ERS-I satellite passed the test areas at 22.09 local winter-
time. In order to estimate the temperature at this time, a linear
interpolation was made between the temperatures at 19.00 and
01.00. Rainfall per day was taken at 19.00 by summing up mea-
surements from the last 24 hours.

3.4 SAR data

ERS-I SAR images was acquired on the following dales:
24 August, 27 August, 17 October, 20 October, 26 October,
16 November, 19 November, 22 November, 25 November,
28 November, 7 December.

The raw data was processed by TromsO Satellite Station(TSS)
in Norway giving 3-look amplitude images with a pixel ground
resolution of 16x20 meter (azimuth x range).

The SAR images have to be calibrated to each other in order to
study temporal changes. Information from TSS states that their
SAR processing facility uses a fixed scaling factor. An inquiry
to ESA indicated that the received energy at the ground station
had been the same throughout the autumn 1991. We will there-
fore assume that the SAR images acquired do not need scaling
with respect to each other.

3.5 Soil type and moisture

No soil moisture samples were taken from the lest areas. This
was because the samples would vary strongly both within and
between soiltypes from the same field, and because the re-
sources in this project were limited. Instead a 1:5000 soil map
was used. This map is based on the soil texture and drainage,
and can therefore describe the soil content of water. Estimated
moisture at the S AR acquisition limes is calculated by Jordforsk
and Norwegian Institute of Land Inventory (NIJOS) based on
the soil map and rainfall data.

om

E

«
I 5

I.Aug I.Sept I.Oct I.Nov I.Dec

Figure 1 Daily rainfall at Gardermoen Airport versus time.
The dates of image acquisitions are marked.

S
a «
|o
ID ir>

1.Aug I.Sept I.Oct I.Nov I.Dec

Time (days)

Figure 2 Daily temperature at 22.OO versus time. The dates of
image acquisitions are marked.

3.6 Temporal changes

Altogether, 11 ERS-I SAR images were used in the investiga-
tion of changes within each of the selected fields. The daily rain-
fall and temperature recordings from the Gardermoen Airport
are ploned versus time in figs. 1 and 2 respectively.
Field classes changes during the growing season and autumn
due to harvest, ploughing etc. The SAR backscatter values indi-
cated in fig.3 are calculated by first taking the mean of each
field, and then averaging all fields of the same category into a
common mean value. Field size varied from 21 to 2733 pixels.

From the curves in fig. 3, it is possible to distinguish ploughed
fields from stubble at 17 October, 26 October, 22 November, 25
November and 28 November. By comparing these relative am-
plitude values with the rainfall and temperature respectively,
we can conclude that the mean backscattered amplitude value
from soil surface increases with soil moisture content and is low
when the soil is frozen. This is also in accordance with Ulaby

"ST ">
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(O O
g> co

Î §

I i
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•

- Stubble
Ploughed

,J
)l\

CVl
in

8
OO

m•o

LAug I.Sept I.Oct I.Nov I.Dec

Time (days)

Figure 3 Mean ERS-ISAR amplitude values versus date. The
standard deviation is plotted as vertical bars from the mean val-
ues.
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Figure 4 Vegetation categories in two ERS-I SAR images tak-
en 24 and 27 August over the Kjeller area.

The ploughing profile as well as direction were also studied
with respect to values found in the SAR images. It was found
little correlation (typically 0.25) between amplitude SAR val-
ues and ploughing height and ploughing row distance. For am-
plitude and ploughing direction, a mean correlation coefficient
of 0.6 was calculated for the ploughed fields, which gave 1-2
dB increase in the SAR amplitude values.

The Kjeller area was also used to study the correlation between
the estimated soil moisture values and SAR image amplitude
values from ploughed fields. The cross correlation coefficient
«ried from 0.0034 to 0.3628 for samples taken in the period
from 20 October to 28 November. One explanation for the low
correlation can be that models for the estimated moisture values
are not accurate enough when only taking soil texture and rain-
fall into account. Parameters like temperature, evaporation,
drainage and local rainfall variations should therefore be in-
cluded in the model.

3.7 Speckle noise reduction

Classifying SAR images based on their pixel grey level values
only, requires in many cases speckle noise reduction. The noise
reduction algorithm should then remove the noise without redu-
cing the resolution of the image too much. This is specially im-
portant for agricultural fields in Norway which often are rather
small. The resolution is mainly preserved by adaptive filters
smoothing homogeneous areas while preserving the edges and
not generating artifacts.

We have used four filters in our experiments: Mean, Median,
Lee and Crimmins. Various filter kernel sizes were tested for the
first three, and various number of iterations for the last. The Lee
filter used was the original Lee filter for 3 x 3 and 5 x 5 windows
1 5], and the refined filter for 7 x 7 windows [6].
The Crimmins filter [7] is a geometric iterative filter. In each
iteration some "erosion" is applied to local extreme pixel va-
lues. Narrow returns are eroded faster than wider or very strong
returns.

3.3 Classification of the Kjeller area

As for the optical images, the Hasan's contextual classifier was
used for the SAR images.

For 17 October, two training areas representing ploughed and
stubble fields were selected from the ground control areas. The
two fields were removed from the set of test areas used. The ra-
tes of correct classification are shown in fig. 5. The highest rates
of correct classification were 93 % for stubble and 84 % for
ploughed.

There are extreme differences in the classification errors betwe-
en the two dates. The rates of correct classification are 15-30%
lower for the 20October results. As mentioned above, there was
heavy rainfall on 17 October. Obviously, the wet soil has increa-
sed the backscatter values from ploughed areas considerably.
Three days later, the soil surface was frozen, leading to reduced
contrast between the ploughed and stubble fields.
Comparison of the classification rates using the different speck-
le reduction methods (fig 5) show that improvement mostly is
obtained for the class ploughed. This could be expected from
the nature of multiplicative noise: The brighter an area is, the
more noisier it is. A small improvement is also obtained for
stubble in the 17 October image.

Kjeller: Stubble fields

2 3 4 5 6 7 n 9 IO 11 Ii 13

Kjeller: Tilled fields

5 6 7 1

Melhod

10 11 12 13

Figure 5 The rates of correct classification for the October 17
image (triangles) and October 20 image (dots) for the Kjeller
area with the different speckle reduction filters applied. The
methodnumbersrepresenttherawdata(l),mean3x3fllter(2),
meanS xS filter (3), mean 7x 7filter (4), median 3x3filter(5),
median S x 5 filter (6), median 7x 7filter (7), Lee 3 x 3 filter (8),
Lee 5 x 5 filter (9), Lee 7 x 7 filter (10), Crimmins filter with 3
iterations (Il ), Crimmins filter withS iterations (12),and Crim-
minsfilterwith 7 iterations (l3).Mean 7x7 gave the best result
for stubble fields with 92.9 % correct classification on October
17. Crimmins filter with 7 iterations gave the best result for
ploughed fields with 83.5 % correct classification. Median 7x
7 gave the best overall result with 81.5 % for ploughed and 92.4
%for stubble. Crimminsfilter with 7 iterations gave lowest cor-
rect classification for stubble with 87.4 %, and the raw image
for ploughed with 69.2 %.

3.9 Classification of the Leira area

Comparing pixel mean values and variance showed that the
classes stubbie, meadow/pasture, and autumn grain could not
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be discriminated. It is also possible that some harrowing will gi-
ve backscatter like ploughed fields, and some meadow/pasture
will give backscaiter like stubble fields. The conclusion was
drawn that the classes should be joined into two aggregate clas-
ses: "ploughed" and "stubble".

The tendency of the classifiaction is the same as for Kjellercon-
cerning the variaf'"cns for the different dates. However, the re-
cognition rates art considerable lower for the Leira area. The
rates of correct classification varied between about 50 and 70
% for ploughed fields, and between 65 and 90 % for stubble
fields.

Pan of the classification errors can be explained by the terrain
slope since most of the fields are not as flat as in the Kjeller area.
Other explanations may be variations in the degree of tillage
and soil type, specially (he ability of the soil to absorb water.

3.10 Using texture in the classification

Instead of using the grey levels in the SAR images, one may use
texture in the classification procedure. Out of 22 different tex-
ture measures, 4 were used in this classification test. Two of
these were based on the Grey Level Co-occurence Matrix
(GLCM) described by Haralick et al. [8], and two were based
on fractal methods:

1. GLCM-Correlation

2. GLCM - Variance

3. Minmax

4. Fractal

Minmax estimates the texture in a series of windows of increas-
ing size. The final texture image h a combination of the differ-
ent window sizes. Fractal is based on similar principals, but
only the smallest window size is used. The results over the Kjel-
ler area are given in fig.6. For 17 October, Minmax gave the best
result for stubble (91.5%), while GLCM-correlation was best
for ploughed (78%). The best results for 20 October were ob-
tained by using GLCM-variance for stubble (71.6%) and
GLCM-correlation for ploughed (61.9%).

Using texture is thus possible, b> •
classification using grey levels.

' gives a poorer result than

8 f—

3.11 Field-by-field classification

Computing statistics for each field suggested the idea of classi-
fying each field as an entity, as a single homogeneous object.
For this kind of classification, a priori information about the
field boundaries must be available. A field boundary can e.g. be
a property border, a road or a river. An operational system for
soil erosion has to include a CIS data base with information de-
fining the agricultural areas. A natural extension of the GIS data
can be a map of field boundaries. A classification of each Meld
could then be performed automatically. An assumption for this
idea to be valid is that each field contains only one class.

The results from a field-by-field classification gave a rate of
correct classification of 89 % forploughed and 100 % forstubb-
Ie fields for relatively flat areas in the November 19 image. The
corresponding classification rates for the contextual classifier
were 66 % for ploughed and 73 % for stubble. This method is
obviously superior to normal pixel by pixel classification.

Figs. 7,8,9 and 10 shows ERS-I SAR images over the Kjeller
area during the autumn 1991. Fig. 11 shows the areas used to
mask out the test fields in the analysis made over the Kjeller
area.

4. CONCLUSIONS

The classification experiments have shown that a reliable ope-
rational system for monitoring soil erosion can be based on sa-
tellite imagery as the main data source. When designing an ope-
rational system, the following factors require special attention:

- The spectral characteristics of the relevant classes will change
continuously. In order to get reliable classification results it is
necessary to select the right time for optical image acquisition
and use at least two acquisitions. Reasonable acquisition times
seems to be the middle of September and middle of or late Octo-
ber.
- The LANDSAT/TM image covers a scene almost ten times
larger than SPOT HRV ( 185 x 185 km compared to 60 x 60 km)
for only twice 'he cost of one SPOT image. TM has also got the
best spectral resolution and sufficient spatial resolution for this
particular task.
- Due to weather conditions in the late autumn, SAR images
should be used as a supplement to the optical. ERS-ISAR ima-
ges acqiv.cd during the autumn 1991 showed large temporal
changes over agricultural areas. This was because of harvest
and tillage. Increased soil moisture at ploughed fields gave a
3-6 dB increase in the backscatter value compared to stubble
or frozen soil. The best SAR acquisition time will therefore be
in late autumn after heavy rainfall and when the ground is not
frozen, or when the the surface is melting after a period of frost.
- Speckle reduction filters should be used to increase the overall
classification result in SAR images. By using a field-by-field
classification, accuracy of 89% for ploughed and 100% for
stubble were obtained in flat areas compared to 84% and 93%
when using a pixel-by-pixel classifier.
- In an operational system, geocoding and radiometric correc-
tion of SAR images will be necessary to correct for topographi-
cal effects i.i hilly areas.

Figure 6 Degree of correct classification using texture mea-
sures over Kjeller the 17 October (triangular) and 20 October
(dots). Graph to left shows ploughed, and stubble to right.
Methodnumbersare:GLCM-Variance(l), "fractal" (2), "min-
max" (3), GLCM-Correlation(4).
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Figure 9 ERS-I SAR image from 19 November over Kjeller.
Field classes are stubble and ploughed. Soil is frozen.

1

Figure 10 ERS-I SAR image from 22 November over Kjeller.
Field classes are stubble and ploughed. Soil has melted after the
frost 3 days earlier.

Figure 11 Map masks over the agricultural test fields at the
Kjeller area. Observations were made during the autumn 1991.
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ABSTRACT

The European Collaborative Programme is
primarily meant as an external activity to
promote the use of remotely sensed data in
the less favoured areas of the EEC and to
adapt the methods and applications to the
special needs in the management of these
regions. One of the themes of the Programme
has been concentrating on forestry. Several
institutes and laboratories have cooperated
on studies on application of satellite
imagery in forest management and mapping.
The studies contribute to define the basis
for a European digital forest cover map and
contribute to the definition of a specific
methodology for application of RS in local
forest management, not least in national
parks and other nature reserves.

Keywords: Forest management and mapping,
environmental protection, organization.

INTRODUCTION

In 1985 the Collaborative Programme was
launched as one of the main activities of the
Programme on Application of Remote Sensing
for Land-Use Planning in the Less Favoured
Areas of Europe. It is a network of 40 to 50
European institutes and laboratories which
cooperate to study how remotely sensed data
can be used for environmental management.
The network is managed by the Joint Research
Center and has been organized into working
groups under five themes, Fig. 1.

The general aim of the Collaborative
Programme was to develop and define tools and
models capable of:
- classifying and mapping rural landscapes
by identifying and quantifying their
properties,
- providing spatial geo-information for

management decisions and actions on
protection of the environment,

supplying spatial and environmental
information for regional development,
- and to analyse and define fields where
remote sensing could supply insight into
environmental processes, on both European,
regional and local levels (réf. 1).

As the Programme was concentrated on land use
in the less favoured areas it was natural
that grassland and forestry became important
themes for research. Approximately a quarter
of the EEC is covered by forest or forestlike
vegetation. Both physical factors, as for
instance soil, climate and topography, and,
socio-economic factors determine the type of
forest that can be found in a given part of
Europe. The variation is big and makes the
use of remote sensing from both aircraft and
satellite very difficult. Even within a
given stand the variation in for example
density, species composition etc. causes
troubles. A given species may show
significant change in spectral signature and
in texture corresponding to age and will thus
make classifications very difficult.

Within the Collaborative Programme we have
tried to include some of the difficulties in
the single studies, although the main
concentration has been on development of
mapping methods that were expected to be of
general interest for local and regional
forest management. Because the
methodological development were linked to
management and development the integration of
remotely sensed data into versus forms of
geographical information systems have been
regarded key issues of the work. For the
same reason emphasis has been put on
practical tests.

1. GENERAL CONCLUSIONS FROM THE FIRST PHASE

The reporting from the working group on
forestry in 1989-90 showed that in order to
study the integration of remotely sensed data
into forest management it was necessary to
divide the EEC into three regions, fig. 2.
Within each of these regions the forestry and
forest management are more homogeneous than
for the Community as a whole.

The conclusions are based on national
investigations in Greece, Italy, Germany,
Ireland and Denmark. Specific test sites
were studied in Ireland, Italy and Denmark.

Given that: 1, the usefulness of Second
Generation Earth Observation Satellite
(SGEOS) data as a source of information for
forest mapping purposes depends on the level
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Figure 1. The organization of the European
Collaborative Programme,

of accuracy needed and the need for specific
qualitative and quantitative information; and
that: 2, the magnitude of these needs are
depending on the level of management - the
local level normally needs very accurate and
specific information, while regional and
national levels normally have less need for
detail, - it was found that (réf. 2):

"Jn the central region, where mixed and small
stands are common and the level of management
is high, the need for accurate and specific
information is essential for the management
on local level. Therefore SGEOS data is not
at the present stage considered as useful
additional information for forest mapping at
local level in this region.

The western region has generally the same
demand as the central region in terms of
accuracy and need for separation of tree
species. But the present forest structure in
this region with a high percentage of large
even-aged mono-cultures makes SGEOS data more
usable for mapping purposes on local level.

In the southern region, due to the lack of
operational maps, SGEOS data derived maps at
a scale of 1:20.000 - only separating
broadleaved and coniferous - are usable.
Such classified SGEOS images could be a cost
efficient mapping method to replace the
current aerial photographs. Information on
accessibility, which are often missing in
this region or out of date could be provided
in an adequate way by panchromatic SPOT
images due to their high geometric
resolution.

At the regional or national level SGEOS data
could serve as basis for providing digital
forest boundaries in connection with the

establishment of an integrated GIS. With
regard to the private forests SGEOS images
combined with digital forest boundaries can
be a valuable source of information for the
management at this level.

For the overall land use and forestry
planning performed by regional and national
authorities SGEOS data integrated with GIS
seems to provide the accuracy and details
needed. With the use of a GIS it is possible
to handle large amounts of data in an
efficient way which is necessary in the
planning of the multiple land use
(production, protection, new built-up areas
etc.).

In some member-states (e.g. Denmark and UK)
there has been a public debate on whether or
not the forest composition was changing in an
unfavorable direction. These discussions
have shown that the national forest
administrations to some degree lack
information on the forest composition,
especially on the privately owned forests.

Composition changes with regard to the major
forest types can be reliable detected by use
of SGEOS data. Such classifications could
provide the national authorities and decision
makers with "objective" and homogeneous
information. More specific information on
the nature of the changes still require- the
use of field inventories.

Partly in direct relation to forestry SGEOS
data can be used for vegetation and land
degradation assessment. Especially in the
Mediterranean environments illegal cuttings,
over grazing (uncontrolled grazing) fires
etc. often leads to severe damage in the
landscape. It is obvious that remotely
sensed data has a large potential of
application on these and like topics in these
areas"

Western Region
Central Region
Southern Region

1

Figure 2. The "forest management" regions in
Europe.
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The studies led to the following general
conclusions concerning the possible
application of SGEOS data (by the end of
1989):
- Mapping of forest areas. The available
level of detail seems at present to be able
to separate - to a sufficient degree of
reliability - conifers, broadleaves (and
often a few more groups, if necessary). The
best results are expected to be at the higher
level of management and at scales from
1:25.000 to 1:500.000.

- Forest inventory. Only minor contribution
can be expected from SGEOS data and mainly
through the use of multistage sampling
techniques. The approach is primarily of
interest for higher levels of management.

- Monitoring of forest health. SGEOS data
seems somewhat premature for this purpose
and demands anyway auxiliary information ( in
a GIS) or advanced change detection
techniques. The use of SGEOS data seems only
favorable at higher levels of management.

- Monitoring of extreme situations. SGEOS
data seems suitable for mapping of
distinctive damage such as areas affected by
forest fires, wind-throw and defoliation - if
some delay is acceptable. Furthermore SGEOS
data can be used for monitoring the
conditions of fire lanes. The best results
are in general expected at higher level
management.

- Mapping of potential afforestation areas.
Thematic maps (land use, land use structures
etc.) can adequately be provided using SGEOS
data. The maps might be used for a number of
purposes within the fields of environmental
and general planning. Such maps are probably
mostly of interest at higher level of management.

- General control functions. SGEOS data can
provide very useful information for a number
of control functions, e. g. illegal clear-
cuts or size of clear-cuts. Change detection
techniques (using multitemporal analysis or
GIS) are excellent tools for this purpose.
The main application seems to be at higher
levels of management.

It was agreed that the use of SGEOS data is
attractive for the following reasons:
-Low cost compared to current methods, when
covering large areas. This also means that
it is possible to get data from areas which
due to lack of money and manpower would not
be covered otherwise.
-Data is "born" digital and thus directly
favors use of computer technology.
-Better information and data presentation
compared to current methods. Especially due
to the possibility of covering large areas in
a homogeneous and "objective" way.

The major technical and operational problems
were pointed out to be:
-The spatial resolution is too insufficient
for many purposes on local level.
-The spectral resolution compared to the
natural variation in spectral signatures from
forest species under a variety of conditions
is too poor.
-SGEOS data is severely affected and
disturbed by the atmosphere. And the
frequency with which SGEOS scenes can be

delivered is strongly dependent on weather
conditions.
-Use of satellite data requires special
training and considerable initial
investments.
-The forest sector is traditional and
conservative therefore it is to some extent
difficult to introduce the use of SGEOS data
in practical forest management.

2. THE ONGOING STUDIES UNDER THE SECOND
PHASE

Four studies on application of SGEOS data in
forestry management have been running under
the second phase of the Collaborative
Programme. The main objectives of these
studies were agreed upon on the plenary
meeting i 1989.The final reports from these
four studies will be available late summer
this year and will, together with the
proceedings from the Seminar on Remote
Sensing in Forestry, Copenhagen, Nov. 91,
(réf. 3) close the forestry part of the
European Collaborative Programme.

«DEVELOPMENT OF METHODS FOR SEMI-AUTOMATIC
UPDATING OF DIGITAL FOREST DATA USING
REMOTELY SENSED DATA AND GEOGRAPHICAL
INFORMATION SYSTEMS.
- A study to demonstrate and develop

methods for semi-automatic updating of
digital vector data using satellite data and
using automatic updating guided by decision
rules in an expert system.

«CLASSIFICATION AVD MAPPING OF MEDITERRANEAN
FORESTS AND MAQUIS WITH SATELLITE DATA.
- A methodological study on classification

and thematic mapping of Greek forest and
maquis types based on a test area, Sithonia,
on the peninsula of Haldiki - with a semi-
arid Mediterranean climate.

*USE OF REMOTE SENSING FOR ASSESSMENT OF
STORM DAMAGED FOREST AREAS.
- An investigation of the possibilities to

use locally recorded wind damage for spatial
calibration of remotely sensed data via small
scale geographical information systems.

*PRE-OPERATIONAL STUDY OF POTENTIAL OF REMOTE
SENSING AND INTEGRATED GEOGRAPHICAL
INFORMATION SYSTEMS FOR ASSESSMENT OF
WOODLAND IN LESS FAVOURED AREAS.
- To evaluate the operational applicability

of remote sensing for 1) location, 2}
classification, and 3) mapping of woodlands
in the private sector.
- To test, apply and evaluate the PC-based

GIS software in a practical application of
forest inventory.

An other ongoing study under the Programme
has a forest component built-in: pare
National du Mercantour near Nice (F) is
carrying out studies on direct SGEOS data
application in day to day management work.
The satellite data is built into the already
existing GIS for this national park. The aim
is to use the satellite derived data for
monitoring the conditions of growth and the
actual development in the surface cover types
- including forested areas, and to evaluate
if any significant benefit can be achieved
compared to the normal daily work in a
national park. It is a well known fact that
land cover mapping from satellite imagery in

, \
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Figure 3. Diagram of
the classification
chaining used in
Parc du Mercantour

mountainous areas is very difficult due to
the topography. By following a descendent,
hierarchical classification with successive
masking according to fig. 3 it has been
possible to map as many as 21 classes, which
when for relevant classes subdivided into
density groups reaches 39 classes.

Institute di Ingeneria Agraria, Milano, is
-«•• examining various methods for classifying

forested areas in the Valtellina (I) region.
The aim of the study is to check and examine
the usefulness and validity of satellite
imagery for recognizing forest species in a
orographically very complex landscape. The
classes to be mapped are defined in a
hierarchical legend in which every level of
analysis (national, regional and sub-

, regional) corresponds to a predefined range
of map scales. The level of details - number
of classes - raises with increasing scale.
The aim is also to examine which
classification procedure will give the most
cost-efficient result regarding both the
regional defined calssification and
nomenclature and also the CORINE Land Cover
classification

In Portugal Centre Nazional Informacao is
ŜO carrying out a study on Mediterranean forest
\*\ fires. First of all CNIG is providing maps
Ŝ  .• documenting examples of burned areas for use

in identifying such areas - and their stages
of regrowth - on SGEOS imagery. Secondly
CNIG will prepare models - and documentation

-, on possible use of geographical parameters
from a GIS - for prediction of potential
forest or natural vegetation fire risk areas.

3. CONTINOATION OF THE FOREST COMPONENT

The Collaborative Programme as such is in the
closing procedure, but, single components are
being included in the ongoing development
work of the EMAP group of the Institute for
Remote Sensing Applications. In cooperation
with GRID, Geneva, and CORINE, DG XI, the
forestry component of the Programme is being
transferred into a specific support study on
development of methods for European wide
classification and mapping of forest
ecosystems. The common experience gained
during the two phases of the European
Collaborative Programme will be used to carry
out the task of defining and testing the
methodologies for the forest eco-system
mapping. The aim is to support GRID in their
large area temperate and boreal forest
monitoring programs and to provide CORINE
with methods for fast environmental data

assessment. The studies and development of
methods will primarily be concentrating on
the following actions:
1. Preparing definitions, classifications,
ecological standards and measuring standards
for forest eco-systems mapping from SGEOS
imagery.
2. Selection of permanent sample plots and
test areas - for calibration and
standardization purposes.
3. Remote sensing methods for quantification
of environmental impacts following forest
degradation.
4. Definition of mountain - and
Mediterranean - forest remote sensing
monitoring systems.
5. Assessment and quantification of forest
fires.
6. Provide algorithms for forest change
mapping.

4. CONCLUDING REMARKS

The growing need for a homogeneous overview
of the renewable resources in Europe has
brought forested areas into focus. It is
evident that high resolution optical
satellite imagery will be indispensable for
this task. It is foreseen that RADAR imagery
within the next ten years will be developed
to serve this purpose as well (réf. 3).
Imaging Spectroscopy will likewise be an
important tool in assessing forest growth and
health conditions, and will probably be
developed into a degree where degeneration
can be detected before resulting in erosion
problems.

It is agreed that there is still a need for
development of methods for classification and
feature extraction for forestry mapping and
management purposes. However, there is also
a very big need for demonstrating the
usefulness of satellite imagery to the
forester. This is perhaps now possible due
to the availability of relatively cheap
hardware and due to the new cheap image
processing and GIS software packages; one
(réf. 4) has been specially developed for
local forest management under the European
Collaborative Programme.
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Abstract
The state-of-the-art approach to biodiversity monitoring
comprises extensive listing and mapping of habitats
and selected species, i.e. thematic items.

With the thematic approach, the range of earth obser-
vation data suitable lor application is limited by the
number of objects (geophysical formations, vegetation
classes, landscape elements, types of habitats etc.)
which can be positively identified with a reasonable
degree of certainty. The thematic approach, however,
does not take into account another type of information
which may be derived from existing and future earth
observation data sets merely by virtue of their topolog-
ical structure.

From recent results and theoretical considerations, it is
assumed that suitable indicators of habitat diversity can
be derived from the structural/topological information
content of multispectral satellite data covering specific
ecosystems.

To further evaluate and demonstrate this information
potential of satellite data, a diversity index is proposed,
which has been tentatively applied to a LANDSAT-TM
scene of the Bavarian Forest National Park. First
results are presented, and implications of these results
w.r.t. the feasibility of biodiversity indication based on
the information content of satellite image data are dis-
cussed.

key words: biodiversity, habitat diversity, earth obser-
vation

1. Introduction

Conceptual and executive work in the fields of envi-
ronmental protection and policy require adequate
information on the state and dynamic of ecosystems.

Producing this information by the conventional methods
of biotope description and mapping will often imply a
time consuming effort, exceeding the time scale of
necessary decisions and measures.

Therefore, there is a need w.r.t. more integrative
parameters indicating the state of biotopes, and new
methods for short-time production of necessary input
information.

An approach to meeting these needs is given by the
biodiversity concept [16], as well as by its equivalent
which may be derived from earth observation data.

Biodiversity, i.e. the number of viable populations per
area or volume, is dependent on a number of
geographical parameters, such as latitude, height over
sea level, geological substrate, climate, as well as on
the amount and quality of anthropogenic impact.

Although biodiversity is not necessarily correlated to
ecosystem stability (the tropical rain forest representing
an example rather to the opposite), it surely is a critical
factor for the maintenance of specific exosystem func-
tions and evolutionary capacity of ecosystems. Apart
from that, biodiversity is more and more recognized as
a major economic resource, e.g. in the fields of agri-
cultural plant breeding, pharmacology, recreational
industry, etc. [8] [12][16J.

With the exception of specific toxic effects of environ-
mental pollutants, and losses of single species caused
by uncontrolled hunting and illegal trade, there is broad
evidence that anthropogenic decreases in biodiversity
are identical with decreases in habitat diversity, the
latters mostly being induced by changes in land use
patterns or technology [6]. Thus, any measures
intended to enhance or conserve biodiversity, must be
aimed at habitat diversity.

2. Diversity Indication by Structural Infor-
mation from Earth Observation Satellite
Images

It is common knowledge that the habitat and hence
species diversity in an intensively managed agricultural
landscape is considerably lower than within a compa-
rable extensively managed area. The same is true for
forest monocultures, in comparison with near natural
mixed forests. It is to be expected that the differing
complexity in the habitat structure of these (and other!)
types of landscape is reflected by the structure of suit-
ably classified satellite images, and may be digitalized
by derivation of suitable parameters. Structural param-
eters of this kind will have to be formulated and
weighted w.r.t. the typical features of the region/land-
scape observed, and may then be utilized to support
habitat and landscape conservation programmes.

t
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The approach of applying satellite data to biodiversity
evaluation leads to the question if the spatial resolution
of current or near future imaging sensors is compatible
with the size of ecologically relevant regional habitats.
This can be examined by looking into published data
on minimal areas of habitats, a term in landscape
ecology which is conceived either for species (criterion:
population survival) or for habitat types (criterion: com-
pleteness of characteristical features). Table 1, which
was calculated from data compiled by [6] and [4],
shows mean area requirements of Mid-European ani-
mal species and habitat types to be well in the range
of, e.g., LANDSAT and SPOT spatial resolution.
Exceptions are restricted to few subregional habitat
types (fountains, ponds, salt spots [4]). Linear land-
scape elements (e.g. hedges), which have important
ecological functions especially in agricultural land-
scapes, may also be detected, even if their width is not
quite coming up to the spatial resolution of the sensor.

habitat types

• areal

• linear '

species'
groups

X

204 ha

11 m

4 277 ha •'

242 ha '

X™,

55 nv

2 m

1 ha

1 ha

X..,

1 500 nv

35 m

60 000 ha

1 000 ha

n

44

14

16

14

•minimal width
•extreme requirements of big avian and mammal species included
'ditto excluded

Table 1. Minimal araas (or Mid-European habitat types and animal
species
including selected amphibia (|1j. (2)), woodland spiders (J9]J.
carabids |[9|. [1O]). soil fauna of deciduous loiesis ([14|. [15]),
butterflies [15]. reptiles, small birds, and mammals [5].

3. Definition of Structural Parameters

Evaluation of habitat structure and diversity may be
done by

• structural analysis by fractal geometry (GAITO
and McGLADE, in preparation)

• evaluation of specific class areas by suitable area
generation algorithms (BORG et al., in prepara-
tion)

• calculation of a topological diversity index in the
course of digital image processing.

For determining the diversity index, the image map is
overlaid with a square grid of suitable size. The grid
size should be chosen to be a multiple of pixel size, but
small enough to represent a given type of landscape
over most of its area.

For each grid square, a set of topological terms will be
computed as elements of a diversity index. All terms
are normalized to yield values between one and zero.
A set of grid-square specific indices may be further
evaluated by histograms.

In first approximation, a diversity index I0 may be
defined as

' D =
'ma

where

a,

B

nT

total area covered by vegetation
(including open waters)
total area observed (= grid size)
length of boundary between two differ-
ent classes of vegetation including open
waters
predefined potential maximum length of
all boundaries within the vegetation
covered area (see explanation below)
number of boundary types occuring
between different adjacent classes of
vegetation including open waters
potential maximum number of boundary
types allowed by classification sched-
ule, i.e., with n vegetation classes,

n™* = (nd - n) . 0.5 (2)

The term aj a^ simply reflects the role of terrestric
and aquatic vegetation as primary producer and basis
of ecological food chains. By this term, an area would
rate one, if completely covered by vegetation and open
waters, and zero, if consisting merely of bare soil, rock,
and sealed surface like buildings, concrete, tarmac etc..

The term Ife//™» is thought to provide a measure for
the geometrical heterogeneity of the area, reflecting the
ecological value of border zones between different
habitats [6]. By definition, border zones between vege-
tation and non-vegetation classes are excluded, thus
reflecting their lesser ecological value, or even detri-
mental effects (e.g. highways, settlements).

For normalizing this term, L» has to be predefined.
E.g., L» could be calculated from a model landscape
featuring maximum structural heterogeneity by way of
a chess board pattern (see Figure 1), with the square
size chosen to be well in the range of spatial resolution
by earth observation systems, but not exceeding the
minimum size of habitat areas required for sustaining
ecologically relevant populations. Recent research in
field ecology has provided a body of data on minimum
habitat size requirements which would give a sufficient
basis to this approach
[1][2][3][5][9][10][1.1][13][14][15][17] . Then, the maxi-
mum total of boundary length could be expressed as

where

4 =

4

side length of the grid square ooserved
(£ = 3™ ; réf. equation (I)),

side length of a "chess board" square in
the model landscape,

giving a maximum value which is not expected to be
exceeded by the total length of ecologically significant
border structures in a real landscape.

By the term Z/fl/ L». prevalence of landscape elements
typical for high production agriculture and forestry, such
as extended monocultures, would result in a low rank-
ing, whereas elements commonly considered to be
valuable for biodiversity conservation, such as the
mosaïque structure of traditionally managed landscape,
the curved shore lines of natural open waters etc.,
would increase the ranking.

- , 1-
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Figure 1. Sketches of model landscapes
(1 to 3: development of habitat linking, from [B]; 4: formalized "chess board" landscape giving maximum value of length
of boundaries).
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Complementary to this term, the term nrl rw is
thought to indicate qualitative habitat diversity, in the
range allowed by the classification protocol. With a high
number of classes present in the grid square observed,
the ranking would be high, and vice versa.

Just for demonstration, this approach has been tenta-
tively applied to a series o< raw sketches taker» from
[Q], which illustrate the development of a landscape
according to a habitat linking concept (Figure 1). Intro-
ducing term-specific weighting coefficients W, the
diversity index was formulated as

ID =
av . Wv

— a -dmax

nT
/
'ma

nma

Results given in Table 2 show the I0 values to be in
concordance with the landscape's state of diversity (1,
homogeneous landscape of low biodiversity; 3, heter-
ogeneous, interlinked habitat structure of high biodi-
versity potential [B]).

Type of Landscape

1 (low biodiversity)

2

3 (high biodiversity)

a.

1

1

1

IT

0,064

0,141

0,408

n,

0,01

0,4

0,8

b

0.3
a

0.5
1

0,7
3

n,_ = 10; W. = 0,33

Tabu 2. Skalchos lrom FIg. 1 evaluated according to equation (4)

4. Satellite Image Processing

Producing the parameters a« IB and nT requires a spe-
cific image processing procedure in several steps,
which has to compromise between a certain degree of
generalization necessary to obtain closed areas, and
the detailed representation of relevant image struc-
tures.

The following procedure is proposed:

stepl: Geocoding of satellite image in order to
ensure exact determination of geometrical
parameters and verification of classifica-
tion results by use of available maps.

step 2: Combination of mean value filters (for
image smoothing), median filters (for
removal of singular pixels), and edge
enhancement filters, in order to ensure
closed area formation in the classification
result. To minimize the area determination
error due to filtering, the window size of
filters should not exceed 5 x 5 pixels.

step 3: For the actual classification, conventional
methods (Nearest Neighbour, Minimum
Distance, Maximum Likelihood) are
applied, to map classes like coniferous
forest, deciduous forest, mixed woodland,

(4) grassland, urban areas, water etc.. For
specific, not directly visible classification
items, classificators based on evidence
and distributed in a statistically unspecific
way have to be used.

step 4: The classification is further improved by
generalization with a special filter, elimi-
nating small split areas which fit into a
predefined square window.

By the processing schedule outlined so far, ecologically
relevant linear structures which, in the real ecosystem,
may have isolating or bridging function, will be elimi-
nated. They have to be obtained by a separate proc-
essing protocol and then overlayed to the step - 4
classification result. This leads to

step 5: Generating the Normalized Vegetation
Index (NVI) according to NVI = (IR - R) /
(IR + R), with IR = infrared channel signal,
R = red channel signal. From the resulting
image, linear elements like roads, hedges,
etc. are extracted by adaptive threshold-
ing.

step 6: The step - 5 thresholding image, from
which split areas may be removed by
repeating step - 4 (with linear elements
being unaffected due to the square size
of the filter window), is combined with the
step 4 classification. The resulting area
pattern may be vectorized, and areas may
be determined by use of a Geographical
Information System.
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modification
1

2

3

4

number of classes
2'

2'

6'

image processing
step 1-4

step 1-4

step 1-6

step 1-6
< vegetation / non-vegetation

> see Figure 2

modification

1

2

3

4

a,
a,..

0.745

0.768

0.749

0.843

£4
1«

0.421

0.671

0.444

0.804

n
0..

n.a.

0.6

n.a.

0.6

b

0.385

0.673

0.394

0.742

W, = 0,33 / /. = pixels

Table 3. Tested modifications of Image processing standard proce-
dure Table 4. Test area evaluated according to equation (4)

(modifications see Table 3}

Figure 2. Test area classification (modification 4);
from white to dark: non-vegelation, meadows, meadows with solitary trees, deciduous/sparse mixed forest, mixed
forest, coniferous forest

5. First Results from Classified Satellite
Images

The approach described above was applied to a
LANDSAT-TM data set of the Bavarian Forest National
Park. Image sections representing areas of 2,5 x 2,5
km? were arbitrarily selected for evaluation. To test the
influence of linear landscape elements on the index
terms, image processing was modified as shown in
Table 3. Vegetation classification was done by a max-
imum likelihood approach according to [T]. A certain
amount of class area deformation due to filtering oper-
ations and elimination of split areas was accepted.

Typical results are shown in Table 4 and Figure 2. As
is to be expected, the index values are increased by
more differential classification, as well as by linear
landscape elements being included. From 10 possible
pairings of adjacent vegetation classes, 6 showed up
in the classified image. This ratio remained unchanged
by linear elements included.

Specific weighting of resulting values for index terms
as foreseen by equ (4) was omitted. This would require
further verification of the approach by comparison with
ecological ground truth data, which is under way.
Regardless of more specific weighting coefficients to
be obtained by further elaboration and verification work,
it is proposed to subclassify the linear elements into
either non-vegetation barriers {to be weighted nega-
tively), and vegetation corridors (to be weighted posi-
tively).

With the non-weighted terms applied here, boundaries
to non-vegetation areas do, by definition, at least not
contribute to the index value.

Another problem to be addressed is the definition of the
square side length /s in the reference chess board pat-
tern (equ. 3). The term Zfe//™ will range between O
and 1, if the square size in the reference pattern is
chosen to be within the interval between the pixel size
and the size of the smallest class area represented in
the target image. With the square size equalling the
pixel size, all resulting I/3/jU, would be comparable,
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but would tend to small values and hence less infor-
mation content.

On the other hand, with the square size equalling '.he
smallest area size represented, the information content
cf Zl3/ U, would be fully realized, but the resulting val-
ues would be comparable only within one and the same
image. To overcome this optimization problem, it is
proposed to define /I at the minimum class area within
a multitemporal and/or spatially extended image data
set.

6. Conclusions

Data on minimum area requirements of selected animal
populations and habitat types as well as preliminary
results from Landsat-TM image data let us assume that
extended monitoring of biodiversity is feasible with
multispectral scanner data from operational satellites.

The approach presented here will have to be further
investigated and verified by ecological ground truth
such as habitat maps and inventories. The following
points will have to be emphasized:

• The classification schedule should be specifically
adapted to the signature of characteristical ele-
ments of a given type of landscape. A land-
scape-specific hierarchic schedule would be pref-
erable.

• Based on an analysis of the generalizable eco-
logical ground truth of a given type of landscape,
the evaluation algorithm should be suitably
weighted and further elaborated, e.g. by including
an area structuring algorithm to be applied to
class areas of specific ecological significance
(BORG et al., in preparation).

In view of these objectives, as well as corresponding
requirements from future earth observation systems, it
will be necessary to have regard to the following dis-
crepancy:

• Enhancing the information content of structural
image data for biodiversity indication will require,
apart from extended ground truth sampling,
enhanced spatial and temporal (eventually spec-
tral) resolution and application of new sensor
combinations (multispectral scanner / SAR). The
effort necessary for data acquisition and process-
ing, however, will exponentially increase with the
information gain.

• On the other hand, the public concern about bio-
diversity losses and the boundary conditions set
by env. ^mental policy call for cost-effective and
spatially extended operational monitoring.

Therefore, it is concluded that, for realizing the
approach presented here, developing an optimized
concept for data processing is most critical.
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ABSTRACT

An investigation of the red edge shift in imaging
spectrometer data of a grassland site in Somerset/UK
(EISAC '89) showed that nitrogen treatment effects could be
ascertained with larger power by means of the red edge shift
than by means of a vegetation index such as NDVI.
Moreover, the position of the red edge index was best
correlated with canopy parameters like biomass and
chlorophyll concentration. The research presented in this
report has shown that the position of the red edge reveals
the level of N-fertilization with good precision and therefore
offers valuable additional information for agricultural
research. Four narrow spectral bands at 670, 700, 740 and
780 nm can be used for determining the position of the red
infrared slope.

Keywords: red edge index, nitrogen fertilization, imaging
spectrometry

1. INTRODUCTION

The Normalized Difference Vegetation Index (NDVI, Refs.
1, 2) is the most widely applied index for estimating
vegetation parameters from uncalibrated satellite data. Such
a linear combination of spectral satellite bands has been
created to reduce the atmospheric influence on the measured
data. However, the NDVI is still confounded by the soil
background brightness (Refs. 3). The so-called red edge
index as a measure of the wavelength position of the main
inflection point describes the position of the red infrared
slope within the spectrum (Réf. 4). In May 1989, during the
European Imaging Spectrometer Airborne Campaign
(EISAC), an airborne radiometer with eight narrow spectral
bands in the visible and near-infrared region was flown over
a grassland site in south-west England. These spectra! data
allowed the calculation of the red edge index and the
comparison with the NDVI.

2. THE DATA BASE

The Tadham-Moor in Somerset, a grassland site in south-
west England, was place of a field trial to investigate the
effect of different amounts of nitrogen fertilizer on
development and spectral reflectance of grass. The
experiment consisted of three replicate blocks, each of it with
five plots, varying from 0.5 - 1.3 ha in extent. The levels of

fertilizer application were O, 25, 50, 100 and 200 kg
N/ha/year, respectively. The biomass was investigated with
respect to fresh weight, dry matter and chlorophyll content
(Réf. 5).

A spectroradiometer, type Spectron Engineering (SE 590),
with high spectral resolution measured the reflected radiation
of the canopy in nadir direction from 400 to 2400 nm
wavelength in steps of 2 nm. Percentage reflectance of the
incident irradiation was calculated by using a white barium-
sulfate reference plate.

The airborne measurements were performed at 1500 m
altitude with an imaging radiometer (Programmable
Multispectral Imager, PMI).-The PMI-sensor consisted of five
cameras with CCD area arrays. In the spatial mode, which
produced a resolution of about one by one metre per pixel
(altitude 1500 m), the reflected radiation was recorded in
eight bands of 6-10 nm width. The central wavelengths were
4%, 551, 601, 679, 711, 737, 748 and 787 nm, respectively.
Due to the flight altitude, ground speed of the aircraft and
integration time, each pixel covered an area of roughly 7
metres along the flight path, resulting in a pixelsize of 1x7
metre.

3. RESULTS AND DISCUSSION

The reflectance signatures of differently fertilized grass plots,
as measured with the SE 590, are presented in figure 1.
Between 660 and 780 nm wavelength the spectral reflectance
is influenced mainly by the chlorophyll content of the
biomass and the leaf area of the plants (Réf. 6). In canopies,
which received a high amount of nitrogen fertilizer (100 kg
N/ha), a strong absorption of photosynthetic active radiation
between 660 and 700 nm occurred, caused by the high
chlorophyll concentration in the tissue. Therefore reflectance
values remained on a low level. The scattering of near-
infrared radiation resulted in increased reflectance values in
the near-infrared region from 740 to 780 nm wavelength.
Canopies with lower fertilization (O kg N/ha) are
characterized by a smaller pigment concentration and a lower
leaf area index. The reduced absorption of red light leads to
an increasing reflectance between 660 and 700 nm.
Furthermore, a lowered leaf area index resulted into a
reduced near-infrared reflectance. Both processes caused a
decreased slope of the reflectance curve in the region of 700
to 740 nm and resulted into a shift of the reflectance
signature to shorter wavelength positions.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich Germany, 30 March-4 Aoril 799?
(ESA SP-341. July 1992)
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Fig. 1: Reflectance signatures of differently fertilized grass
plots (Tadham-Moor, May 27th, 1989).

With a linear equation Guyot & Baret (Réf. 7) calculated the
wavelength position of the red edge index. This index is
considered to be a measure of the wavelength position of the
main inflexion point in the red-infrared slope. First of all.
they supposed the reflectance value of the main inflexion
point to be halfway minimum (at 670 nm) and maximum (at
780 nm) reflectance (figure 2, Eq. 1 ). Secondly, they assumed
a linear course of the reflectance curve between 700 and 740
nm, the region of the main inflexion point. Then a linear
interpolation procedure calculates the wavelength position of
the red edge index (Eq. 2)

with = (R670 + R780) / 2 (D

(R«d edge index ' RTOO)

in*, = 700 + (740 - 700) * . (2)

SO
reflectance (%)

The DN's recorded from different plots of the field trial
were calculated into radiant energy values (in
m\V/cm2/j<m/sr). The overall mean value of all fields per
band is presented in relation to the wavelength position of
the 8 bands of the PMl-sensor in figure 3. The course of the
signature coincides with the reflectance signature of living
vegetation. The reflected radiation is low in the visible
region. Slightly higher values were measured at 550 nm
whereas between 600 and 670 nm the reflected radiation
even decreased, caused by the increased absorption of
photosynthetic active radiation by chlorophyll Fiom the
visible to the near-infrared region the reflected radiance
increased and reached maximum values at 787 nm
wavelength. The high standard deviations in the infrared
region correspond with the sensitivity of the spectral
signatures against the standing biomass.

18

15'

radiance at sensor (mW/cmVum/ar)

O
450 750 800500 550 600 650 700

wavelength (run)

mean of trials

• «/- std.dev.

Fig. 3: Mean radiance values of the experimental fields
measured with an imaging spectrometer (PMI) and calculated
standard deviations of the three replicates (Tadham-Moor.
May 27th, 1989).
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Fig. 2: Estimation of the wavelength position of the red edge
index within the reflectance signature of grassland by a linear
equation (Eq. 2, Réf. 7), (Tadham-Moor, May 27th, 1989).

The estimation of the red edge index within the signatures of
the differently fertilized fields (by using Eq. 2 in a slightly
adapted way) was based on the calculated radiances at 679,
711, 737 and 787 nm wavelength. Increasing nitrogen
fertilization resulted in a shift of the red edge index towards
longer wavelengths (figure 4). The observed shift is largest
between plots without any additional nitrogen fertilization
and plots of 25 and 50 kg N/ha fertilizer, respectively. The
shift per unit nitrogen decreased with more than 50 kg N/ha.
The standard deviation of the calculated red edge values was
largest at plots of the lowest N-nutrition (25 kg N/ha) and at
the control plots (O kg N/ha). Those with a higher N-supply
showed a decreased standard deviation.

Radiances at 679 and 787 nm wavelength (PMI-bands 4 and
8) were used to calculate the Normalized Difference
Vegetation Index (NDVI) of the field trials. Figure 5 exhibits
the mean NDVI-values of different nitrogen nutrition levels.
The response of the NDVI on increasing amount of fertilizer
application is much less distinct compared to the red edge
parameter. There is a small increase of the NDVI between
O and 50 kg/ha N-supply but then it remained nearly
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constant. As with the red edge the standard deviation !.->
largest at lower levels of nitrogen application and decreased
at higher levels.

730
wavelength (nm)

728

726 red edge

*/- atd.dev.

lab. 1: Means of radiance values (in m\V/ctn'//Km/sr), red
edge index (in nm) and NDVI-values, residual variances,
coefficients of variation (CV) and critical levels in testing for
nitrogen effect

variable mean variance CV critical level

Band 1
Band 2
Band 3
Band 4
Band 5
Band 6
Band?
Band8
NDVI
red edge

1.90
2.32
1.43
0.87
3.84
10.62
13.61
15.32
0.8915

727.29

0.001717
0.005810
0.002184
0.001568
0.01704
0.1860
0.3474
0.3446
0.00004427
0.09164

0.0218
0.0329
0.0326
0.0453
0.0340
0.0406
0.0433
0.0383
-
-

0.842
0.014
0.005
0.037
0.002
0.183
0.116
0.026
0.006
< 0.001

724
50 100 150

N-application (kg N/ha/year)
200

Fig. 4: Red edge index values (as calculated by the method
of Guyot & Baret (Réf. 7)) related to the corresponding
levels of nitrogen application (Tadham-Moor, May 27th,
1989).

1.0
NDVl

To study the influence of nitrogen nutrition on plant canopy
parameters, the latter were related to radiance values in the
red (679 nm) and near-infrared (787 nm), to the NDVl, and
to the position of the red edge (based on radiances),
respectively. Linear regression functions were calculated
between fresh weight, dry matter values and chlorophyll
content of the biomass and the above mentioned spectral
variables. The results in terms of Revalues, which are
presented in figure 6, display highest Revalues between the
red edge index and all plant canopy parameters. Among the
remaining spectral parameters, red radiance values were best
correlated with chlorophyll content and near-infrared
radiances with weight. The NDVI showed intermediate
correlation coefficients.

0.9

1.0

1

0.8

0.7

NDVI

+/- stddev.

50 100 150
N-application (kg N/ha/year)

200

Fig. 5: Mean NDVI values (calculated from average field
radiances of band 4 (679 nm) and 8 (787 nm)) related to the
corresponding levels of nitrogen application (Tadham-Moor,
May 27th, 1989).

The field trial with different nitrogen levels was designed
within a completely randomized block with three replications.
An analysis of variance investigated the significance of
treatment effects on measured radiance values and calculated
red edge indices. The results presented in table 1 show the
significance of the effect of nitrogen nutrition for bands 2, 3,
4, 5 and 8 and also for the red edge index and the NDVI,
respectively. It was remarkable that the effect of nitrogen
application was most significant on the red edge index
followed by the NDVI and the radiances in individual
spectral bands. Therefore treatment effects could be
ascertained with larger power by means of the red edge
index than by means of radiances or the NDVI.

0.8

0.6

CHL a CHL a*b

•I NDVI

•I red edge

Fig. 6: Revalues of linear regression functions of radiances
and plant canopy parameters: FW = fresh weight; DM = dry
matter weight; CHL = chlorophyll content.

4. CONCLUSIONS

The above described results of the EISAC'89 experiment in
Somerset/UK indicate the power of the red edge parameter
separating different levels of nitrogen application on
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grassland. The red edge index showed more sensitivity to
increasing amounts of fertilizer than the NDVI did, or even
radiance factors of single wavelengths. Moreover, the red
edge proved more practicable to explain changed plant
canopy parameters than the other spectral variables.
Therefore, the red edge seems to be a suitable index to
estimate the production intensity of grasslands.

The influence of different atmospherical factors and canopy
parameters on the estimation of the red edge index has been
investigated intensively (Refs. 7, 8). The shift of the main
inflexion point towards longer wavelengths was largest in
relation to an increase of the leaf area index or the
chlorophyll content. A minor influence was observed for the
leaf angle, particular at higher LAFs. Soil reflectance factors
and ratio of direct/diffuse irradiation were of relatively low
significance. A clear effect of solar zenith angle on the shift
of the red-infrared slope was measured at zenith angles
greater than 50°.

The red edge can be calculated by a linear equation (Eq. 2)
which needs only four different spectral input parameters
(Réf. 7). As these spectral variables can be ascertained by
broadband measurements of 10-20 nm bandwidth (Réf. 8) it
is possible to use spectral data of imaging radiometers with
a high spatial resolution. As a conclusion, it is stated that
optimal bands in the optical region for agricultural
applications are about 670, 700, 740, 780 nm (10-20 nm
width), and about 850 nm (broadband).
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ABSTRACT

Remote sensing is an established
technique un agricultural monitoring for
estimating crop growth state and
biophysical characteristics. The
ecological problems of agriculture become
to be treated with increasing attention
recently. This paper is devoted to the
possibility for indicating canopy heavy
metal pollution stress and quantitatively
estimating of heavy metal concentration
in the soil using spectral reflectance
data. Green-house experiments have been
conducted with spring barley on acid and
neutral soil types with nickel
introducement. Reflectance and crop
parameters data have been collected and
statistically modeled.

Keywords: Heavy metal pollution, spectral
reflectance, vegetation indices, crop
biomorph'ology.

INTRODUCTION

The use of spectral radiance data is a
widely spread technique in agricultural
crop state monitoring for estimation of
crop growth parameters such as above-
ground phytomass, canopy coverage, etc.
CRefs. 1-53. Special attention is being
paid now to the ecological aspects of
agricultural practice, that is soil and
species anthropogenic pollution CRefs. 6—

The principle purpose of this work is to
reveal the remote sensing technique
possibilities, if any, for ecological
diagnostics of agricultural «crops
concerning soil and canopy heavy metal
pollution. The study is conducted to
assess the use of spectral reflectance
data in evaluating soil heavy metal
pollution level on the base of its impact
on plant physiological development. The
objective of the investigation is
twofold. First, to assess quantitatively
the affect of heavy metal concentration
in soil on the crop growth
characteristics, such as height, biomass,
coverage, chlorophyll content, etc.
Second, to determine the relationships

between the canopy spectral reflectance
and the heavy metal concentration in soil
basing on the functional dependence of
canopy multispectral reflectance factors
on its biophysical characteristics.

MATERIALS

Two experiments were conducted with
spring barley en two soil types-carbonate
chernozem (pH - 6.5-7.5) and grey forest
soil <pH = 5-5.5). The spring barley was
grown in green—house conditions from 19
March (planting) to the end of July
(harvest) 1991. The treatments were four
levels of nickel pollution (O, 100, 200,
and 4OO ixg Ni per kg soil) and 3
fertilizers. The fertilization treatments
were applied to -the plots with equal
nitrogen level (300 !Kg/kg soil) but in
different fertilizer forms-NHiN03 at all
nickel concentrations and two more —
(NH«)iSO* and KN03 at 200 JSg/kg soil Ni
concentration. Each treatment had one
replicate. As a nutrient background
equal doses of KNQaPO* were applied. The
nickel was introduced into the soil
through NiSDa form. The neutral and acid
soil types were chosen because of their
différant behavior to heavy metal
pollution and Ni was chosen with respect
to the mobility of his element towards to
the vegetative and reproductive plant
organs and its high absorption by them,
and spring barley was selected as a
strongly impacted by growth conditions
species CRefs. 9, 103

In this investigation, seasonal
reflectance data were collected from
spring barley plots with two multiband
hand-held radiometers mounted in the
mounted in the nadir position above the
plant surface at a constant distance
between the top of the canopy and the and
the sensor. The barium sulphate reference
panel utilized for reflectance factors
measurements was leveled at the same
height to avoid differences in t!~>e
artificial illumination conditions. The
radiometers measured reflected radiation
in the visible and near infrared portion
of the spectrum from 400 to BOO run in 40

Proceedings of the Central Symposium of the 'Internationa/ Space Year' Conference, Held in Munich. Germany, 30 March-4 April 7992
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and 20 discrete wavelength bands within,
every 10 and about 20 nm respectively.
Radiometnc measurements were per-formed
at weeHy intervals throughout the
growing season and 13 canopy reflectance
data sets were taken on each treatment
plot from emergency till full maturity.

Additional data were collected as well -
dates of cardinal phenological events <s.
Table 1), current phenophase of each
plot, simultaneous measurements of
percent canopy coverage and plant height,
chlorophyll a, chlorophyll a and
carotenoid concentration were made,
above-ground fresh and dry biomass, foot
dry mass Cg3, seed weight Cg], stem and
seed number, ear length, etc, and nickel
content in seeds, straw and roots [gshg
dry matter] was provided at the complete
ripeness stage after harvest.

In order to reduce multispectral analysis
data, to eliminate the influence of
additional factors on canopy reflectance,
to stabilize the variance of spectral
features and to derive mar*
representative information from spectral
reflectance measurements numerous
formulae are developed which are referred
to as vegetation indices (VIs) CRefs.
11-14]. Simple transformations of the
reflectance factors are usually
performed, such as differences,
normalized differences, pairwise and
multiband ratios, products, etc., with
the motivation that thus transformed to
single values multiband spectral data
enhance the relationships between
reflectance and crop agronomic properties
and the assessment and prédiction of
vegetation characteristics.

In this study spectral data acquired with
the 20-channel radiometer only had been
analyzed. In Table 2 the formulae of
•ome three dozen vegetation indices are
given that were expressed as various
combinations of the measured reflectance
factors in the blue (5),green (G), red
(R) and near infrared (WR) bands, and in
the spectral portion from R to NIR band
(Iz ~ /4), were calculated for each
treatment plot on every date of
measurement.

Spectral and plant growth data were
analyzed using a statistical approach to
model the relationships between plant
reflectance and biophysical
characteristics and the nickel
concentration in soil. Regression
analysis allows to summarize data and
quantify the nature and strength of the
relationships among variables and to
predict future values of the variables of
interest based on observed relationships.
There are two quantitative approaches to
statistical modeling of crop growth
properties: 1) multiple regression
analysis, using spectral reflectance
factors, and 2) simple linear regression
using single transformed spectral
variables. The second statistical
modeling approach was used here.

Data analysis included first examination
of vegetation indices efficiency in
respect to their sensitivity to
vegetation parameters changes,
respectively to nickel affects.
Correlation matrices of the whole data
set were generated to obtain preliminary
view of the relationships among variables
and to decide which of the calculated
spectral transformations and at which
crop development stages are the best for
predicting purposes.

After the determination of the potential
content of the spectral data it were
related on the selected dates
throughout the barley growing season
with the percent canopy coverage,
chlorophyll (a+fc> and nickel values.
Simple linear and curvilinear regressions
were used to determine the
interrelationships of spectral
reflectance data, nickel concentration
and biophysical vegetation
characteristics. A statistical procedure
was used to test the regression equations
uniqueness. The best fitting functions
were chosen with respect to the
coefficients of determination (R2) and
root mean square error (RMSE) in
estimating the dependent variable. Slopes
and intercepts of these equations were
tested using the procedure of minimizing
the sum of squares of the residuals for
the fitted line principle. Only
significant at the 0.05 probability level
models according to a T-test were
regarded (the probability level being in
most cases far less).

RESULTS AND CONCLUSIONS

The following relationships throughout
the growing season were tested.

1. Vegetation indices vs. nickel
concentration in soil (s. Table 4).
2. Canopy coverage vs. nickel
concentration in soil (Table 5,6).
3. Chlorophyll (a+b) content vs. nickel
concentration in soil (Table 7).
4. Crop bioparameters after harvest and
grain yield vs. nickel
concentration in soil (Table 8).
5. Nickel concentration in plant
components vs. nick*!
concentration in soil (Table 9).
6. Grain yield vs. nickel concentration
in plant components (Table 10).
7. Grain yield vs. crop bioparameters
(Table 11).
8. Vegetation indices vs. canopy
coverage.
9. Vegetation indices vs. chlorophyll
(ez+fc> concentration in plants.

This data set wa'> fit by linear,
exponential, reciprocal and power
equation form by each season portion to
learn which equation form was the best
for every one of the vegetation indices
considered.

The established relationships presented
in Tables 4-11 regarded the spring barley



V

875

t

treatments on grey -forest soil. No
significant dependencies o-f spectral
reflectance and crop biophysical
parameters and yield on the nickel
concentration on the carbonate chernozem
soil were observed over the growing
season. The more, slight improvement o-f
the -final productivity (phytomass and
grain yield) there appeared at 100 mg/ kg
soil nickel concentration. The
opposite was valid -for the grey soil
treatments where strong toi-iic .effects
and development depression during the
whole growing season were observed.
This result was in agreement with
previous investigations o-f agricultural
crop behavior on heavy metal
pollutants, acid and neutral soil types
CRef. 93.

The relationships between nickel
concentration and crop re-flection and
biométrie characteristics given in Tables
4,5,8 and 9 were established excluding
the KNOs fertilizer treatment which
showed quite different behavior at all
development stages than the other two
treatments with the same nickel
concentration in soil (compare Table 5
with the noticeably worsened
relationships in Table 6).

fis seen in Table 4 the transformed
spectral data appeared to be very
closely related with the nickel
content in soil during most of the
growing season. Especially dose
agreement showed the vegetation indices
paired in the near infrared with red,
near infrared with green and green with
red and infrared bands, for example
NIR/R, (NIR-G)/(NIR+G), R/(G+R+NIR>,
R?/(G*1 ). For illustration the

regression line between R/(G+R+NIR)
and Ni on date 5 and (NIR-G) / (NIR+G) and
Ni on date 8 (ear forming stage) are
shown in Fig.l and 2. Fig. 3 represents
the computed values from the regression
equation in Fig.2 plotted against the
real ones with a strong correspondence
found.

Regression of VI *»4, date 5
on nickel content in sol 1

0.25

Régression of VI »» S^olate 7
on nickel content in soil

O. 56

O. 22

O. 19

O. 16

O. 13

O. 1
O 1OO 2OO 3OO 4OO
nickel content C mgr/kgr/soi 1 3

FiS. 1

O. 52

O.4S

O. 44

O. 4

O. 36

O. 32
O 1OO 2OO 3OO 4OO
nickel content C mgf/ksf soi 13

Fis. 2

400

nickel content in soil
estimated througrh VI W

5 1 i i i
ate

o
to
300

200

100

500

Careful comparison of the measures of
goodness of fit showed that commonly the
linear form equation described the
tow-band VI responses well but that an
exponential form (almost equally with the
reciprocal) was better for the three-band
spectral indices. For the normalized
difference and simple ratio vegetation
indices linear relationships with the
nickel concentration were characteristic
in the intensive vegetative growth period
(shooting and ear -forming pnenopha»em,
dates 5-9) - Fig.2. Mainly exponential
form of the relationships fitted well on
these dates for the three-band spectral
indices — Fig.1.

There was not considerable variation
between the regression lines of the
spectral indices and the nickel
concentrations for the different growth
dates in the middle of the vegetation
development (Table 4) especially for
dates 5,6,7 (shooting and pre-ear forming
phenophases). This assumes the
possibility for integrating the
measurements on these dates and
developing a generalised equation to
recommend for predicting nickel
concentration in soil from spectral
observations expressed as vegetation
indices.

Jk

If

':. \
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The correlations obtained were highly
significant for the largest portion o-f
the growing season. The standard errors
•for the slope o-f the regression models
are quite small (greater -for the
intercept), the regression statistics
showing meaningful F-ratios, t-values and
R2-values. The best agreement between
nickel values and spectral reflectance
indie» estimates of nickel concentration
occurred in the middle of the growing
season.

Th* greatest scatter and reduction in the
strength of the association (measured as
Rz-values) between the spectral data
and nickel content were during the early
vegetative development (layering on
dates 1, 2, partially 3) and maturation
stages of canopy development (dates
11-13, partially 10) when no reliable
linear dependencies existed demonstrating
some asymptotic character. Variability
between real and model - predicted
nickel concentration values was greatest
early and late in the growing season
when dead biomass and/or soil background
reflectance were likely significant
contributors to canopy re-Flectance.
The established relationships between
canopy spectral reflectance and nickel

values were based in the nickel effects
on crop biomorphologic properties. The
results based on this indirect approach
were more consistent than those from
direct functional correlation between
nickel values and crop growth
parameters (compare Table 4 with Tables
5-7). Spectral indices account -for more
variation in the nickel concentration in
soil than the direct relationships
between the canopy parameters (coverage
and chlorophyll) and the nickel content.

As the objective of this investigation
was to assess the application of crop
multispectral reflectance measurements in
estimating the level of soil heavy metal
pollution encouraging results could be
noted as far as significant relationship*
were obtained which reveal the
possibility to indicate the toxic stress
on crop morphology and physiology and
quantitatively to predict the heavy metal
concentration in the soil. We suggest
that such regression models could be used
for the mentioned purpose although their
uniqueness requires further detailed
examination. Research is needed to
further refine these relationships with
more data for the midrange of the nickel
values. Such work is already started and
will be a subject of a separate paper.

Table I. Spring barley phenophases. Table 2. Vegetation indices formulae.

Date

• 2
3
4
5
6
7
a
9
10
11
12
13

Phenophase

layering
layering
start shooting
shooting
shooting
start ear forming
ear forming
ear farming
milk
milk

ripeness
ripeness

Max ripeness
full maturity

Age [days!

22
29
36
49
57
64
71
79
SS
92
99
1O6
113

rable 3, Spectral regions and
Mavelengnts [ne].

A.
U
4U4

Ii
5O4

B
557

R
662

NIR
8O3

Iz Is
7O2 727

14

7S4 7
Is
Tt

No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

VI

NIR/R
ND(NIR1R)
sqr(ND(NIR,R>+0.5)
R/(B+R+NIR>
ND(NIR1B)
NIR/B
NIRX(NlR-G)
NIR/(B+R+NIR)
R X(G*Is)
RXI2
B/R
sqr(S +R )
ND(B,R)*NIR
ND(B1R)
NIR/ (B*R>
sqr(ND(B,R)+O.5)
sqr(ND(NIR,B>+0.5)

No

18
19
20
21
22
23
24
25
26
27
28
29
3O
31
32
33

VI

6X(G+R+NIR>
ND(B1B)
BXB
G»NIRXR
6*NIRXB
6X(B+B+R>
RX(B+B+R>
B/(B+S+R>
BXIi
NIRXI4
NIRX(NIR-R)
BX(B-R)
ND (NIR, I* )
NIRXI*
sqr(NIRt-»-R*)
sqr(NIR*+B*>

Table 4. Regression equations and statistics of Ni concentration in the soil
as the independent (x) variable on vegetation indices as the dependent (y)
variable for different dates of the groining season.

<

VI

1

2

Parameters

Model (*>

RMSE
Intercept
Slope LE-ZI
Model
R*
RMSE
Intercept
Slope CE-31

Date

3

2
0.83
0.061
0.2O5
0.792
2

0.88
0. 061
1.475
3.8

4

2
0.96
0.326
0. 083
0.87

1
0.95
0.326
O. 823
-1.082

5

1
0.97
0. 373
6.845
-12. 0

1
0. 94
0. 373
0. 785
0.964

6

1
0.97
0. 39
7.561
-13..63

1
O. TO
O.3V
O. 811
-O. 984

7

1
0.99
0.177
6.655
-1O.99

1
0. 9
0.177
0.784
-0.923

8

1
0.93
0.414
5.688
-8.675

1
0.85
0.414
0.735
-0.864

9

1
0. 92
0. 332
4.589
-6.673

1
0. 92
0.332
0.666
-0.791

IO

-

-
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N

3

6

5

7

11

10

9

4

8

Model
RMSE
Rz

Intercept
Slope tE-33
Model
RMSE
R2

Intercept
Slope CE-33
Model
RMSE
RZ

Intercept
Slope CE-33
Model
RZ

RMSE
Intercept
Slope CE-33

Model
Rz

RMSE
Intercept
Slope CE-33
Model
RZ

RMSE
Intercept
Slope CE-3]
Model
Rz

RMSE
Intercept
Slope CE-31
Model
R2

RM5E
Intercept
Slope CE-3]
Model
RZ

RMSE
Intercept
Slope CE-3]

2
0.035
0.83
0. 932
0.444

-

-

—

2
O. 84
0.09
0.602
1 . 203

1
0.84
0.049
0.548
0.655

1
0. 96
O.O46
O.O91
1.273

1
0.87
O.O22
0.131
0 . 33

~

1
0.020
0. 96
1.156

-O. 534
2

O.O31
0.91
0.242
0.587

2
0.136
O. 93
1.614
2.8O3

3
0.93
0.043
O. 27
O. 92

2
0.94
0.056
0.414
1 . 293

1
0.96
0.031
0.357
0.882

3
0.93
0 . 26 1

-3.O54
5.736

1
0. 96
O. Ol 4
O.O7
0.4

2
0.95
0.057
1 . 324
1.488

1
0.022
0.93
1.14

-0.486
2

O.O14
0.95
0.269
0. 535

1
0.013
0. 98
0.57

-0.557
3

0.97
O.O27
O.3O5
0.869

1
O. 94
O. 097
1.9B8

-2. 175
3

0.92
0. 06

-0.825
1.15

0.97
0.829

12.34
-26.02

3
O. 98
O.O56

-2.316
2.1

1
0. 96
O. 0 15
0.71

-O. 457

1
O.O26
0.91
1.145

-O. 464
2

O.O24
0.94
0.258
O. 544

1
O. 024
0. 93
0.572

-0.568
3

0.94
0. 969
O. 288
0.879

1
0.96
O.O84
2.133

-2.495
3

0.94
O.O55

-0.861
1.216

3
0. 94
0.203

-2.863
4.77

3
0.99
0.048

-2.441
2.347

1
0. 94
O.O19
0.728

-O.5Ù2

1
O.O29
0.88
1.135

-0. 45
1

O. 098
0. 98
3.568

-4 . 132
1

O. 014
0.98
0.576

-O. 62
3

0.95
0.037
0.289
1.O02

—

0. 88
0. 062

-O. 747
0.991

0.98
0. 526

12.29
-24 . 65

3
0 . 90
0 . 1 1 2

-2.305
1.964

1
0. 98
0. 0 13
0.713

-0.482

1
0.031

-O. 85
1.118

-O . 432
1

O.O69
O. 99
3.419

-3.372
1

0.019
0.95
0.557

-O .505
2

0. 94
0.021
0. 721

-O. 49

—

-

0. 9
O.9O8
8.753

-16.36
Z

0.9O
O.O99

-2.152
1.733

1
0.90
O.O24
O. 694

-0.436

1
O.O23
0.9
1.082

-0.411
1

O. 109
O. 92
2.96

-2.195
1

0. 018
0. 92
0. 499

-0.359
2

0.92
0. 018
0. 67

-0.355

1
0.93
O.O75
1 575

-1.564
3

0. 89
0.049

-O. 62
0. 878

0.94
0 . 693

-1.994
3.434

^
0.93
O . Oft/

-1 .975
1.453

1
0. 92
O.O17
0.646

-0.334

-

-

-

—

1
O. 97
0.044
1.374

-1.209
1

0.93
O.O29
0.549
O.491

1
O.92
O.O62
O.171
1.23

0.90
O.O7

-1 836
1.23

tL

O.91
O.O71
1.584
1.1O6

Model: 1 -
2 -

«x
i + «xi (Intercept is equal to Log a)

t

Tables 5,6: Regression equations and statistics o-f IMi concentration
in the soil img/kgl as the independent (::> variable on canopy
percent coverage as the dependent <y) variable

Date

1,2
3
5
6
7
B
9

Model Intercept Slope R2 f-ratio Di

no correlation
enp ( a+b:< )

a+bx
a+bx
a+bx
a+bx
a+bx

3.747
93.45
88.32
91.77
96.55
98.52

-O.O054
-0.224
-0. 21
-O. 203
-0.216
-O. 231

0. 98
0.92
0.93
0.99
0. 93
0. 92

126.8
36.1
42.4
364.4
38.0
35.4

4
4
4
4
4
4

RMEE

0.14
11. OO
9.54
3.16
1O.4
11.5

4, lO-lo no cover measurements
With KNQa fertilizer plot included

1,2
3
5
6
7
B
9
*, 1

no correlation
exp(a+bx>
a+bx
a+bx
a+bx
a+bx
a+bx

3.608
88.74
84.17
B7.40
92.81
93.58

-O.OO56
-O. 23
-O. 215
-O.2O9
-O. 224
-0.238

0.74
0.77
O. 79
0. 80
0.81
O. 76

11.6
13.2
15.0
16.5
17.6
12.8

5
5
5
5
5
5

O. 49
18.88
16.52
15.34
J5.72
19.73

0-13 no cover measurements
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Table 7: Regression equations and statistics of Ni concentration
in the soil as the independent (x) variable on chlorophyll <a+b>
content Lmc/1 7.1 in plants as the dependent <y> variable

Date

2
3
4
5
6
7-13

Model

a+bx
a+bx
a+bx
a+bx

Intercept

125.2
172.7
219.8
ISO. 9

Slope

-O. 177
-O. 301
-O. 422
-O. 197

R2

0. 67
0.89
0. 83
0.77

F-ratio

8.24
32.80
18.90
13.20

Df

5
5
5
5

RMSE

IB. 4
7.87
28.8
16.1

no correlation
no chlorophyll measurements

Table S. Regression equations and statistics of Ni concentration in the
soil as the independent (x) variable on crop agronomic parameters after
harvest as the dependent <y> variable

B i opar amet er

Total -fresh
biomass

Dry root mass
Seed weight
Seed number
Stem number

Model

a-t-bx
a-t-bx
a+bx
a+bx
a+bx

Intercept

74.22
7.323

27.41
719.1
38.48

Slope

-0.174
-O. Ol 7
-O.O69
-1.731
-O. 089

R2

0.95
0.91
0.92
0. 91
0.86

F-ratio

152.7
79.9
91.4
83.69
48. 3

Df

9
9
9
9
9

RMSE

5. 89
O. 8
3.Ol
79.32
5.39

t

Table 9. Regression equations and statistics of Ni concentration in soil as
independent < :: ) variable on Ni content lag/kg dry matter 3 in plant
components as dependent (y> variable.

Bioparameter

Ni in seeds
Ni in phytomass
Ni in roots

Model

a+bx
a+bx

Intercept

2.312
1 2 . O 7
no sign

Slope

0. 151
O. 275
f leant c

R2

0. 92
o . 83
orre

F-ratio

33.4
14.8

at ion

Df

4
4

RMSE

4.66
21.2

Table 10. Regression equations and statistics of Ni content in
phytoelements as independent <x> variable on grain yield (seed weight ,
seed number) as dependent (y) variables.

Bioparameter

Ni in phytomass
Ni in roots
Ni in phytomass
Ni in roots

Model

a+bx

a+bx

Intercept I Slope I R

28.26 J-O. 215 O. 85
no significant drorre

724.3 1-5.229 IO.79
no significant carre

F-ratio

17.3
at ion

11.13
at ion

Df

4

4

RMSE

4.62

14O.19

Table 11: Regression equations and statistics of canopy percent coverage,
chlorophyll <a+b), crop density<stem number) and above— ground fresh
biomass IgJ after harvest as independent <x) variables on grain yield Cc?3

F'arameter

Caver/date2
Caver /date3
Cover /dateS
Cover/date6
Cover /date7
Cover /dateB
Cover/date9
Chlorophyll/date2
Chlorophy 1 l/date3
Chlorophyll/date4
Chlorophyll/dateS
Dry root mass
Stem number
Total fresh

biomass

Model

a+bx
a+bx
a+bx
a+bx
a+bx
a+bii
a+bx
a+bx
a+bx
a:<**b
ax**b
a+bx
ax**b

a+bx

Intercept

O.9B6
0.7O5
-O.O79
-0.425
-1.28
-1.399
-0.271
-18.33
-15.69
-28.59
-56.55
-0.432
-O. 29

-1.364

Slope

1.013
0.63
0 . 259
0. 279
0 . 275
O. 261
0.246
0. 337
0 . 243
6.104
12.21
3.656
0.959

0.385

R2

O. 78
0. 92
0. 97
0.97
0. 94
0.94
0.95
0. 82
0. 94
0. 97
0. 97
0.88
0.99

0.97

F-ratio

17.24
60.26
156.89
174.5
76.17
81.3
92.81
18.56
57.27
132.2
131.2
66 . 06

6399.8

3OO.9

Df

6
6
6
6
6
6

6
5
5
5
5
IO
IO

10

RMSE

4.98
2.91
1.85
1.75
2.61
2.53
2. 38
5. O2
3. OS
O. 75
0.76
3.84
O. 18

1.89
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Combining Spectral information with Crop Rotation Knowledge for Crop
Classifications

CHANGY(JAN Jl

Silsoe College
Cranfield Institute of Technology

Silsoe, Bedford. MK45.4DT
England

ABSTRACl

IsI and 2nd otdci slate Iransiiioti matiiccs were derived from crop
rotation system knowledge, which rcprCM.nl ihc temporal relationship
c i l criip li.insilioiis in .1 2-war and .1-year lap respectively.
Oassiricjliitiis were implcmcnlcd using SPOT HRV data logclher will)
Ihc Iransiiinii m.iliiivv Depends un (lie dala .sel used, the overall
accurao nl S agricultural classes is increased Iw 5 Io I5''i over the
sl.ntdaid M.i\ inuini !.ikclihund classil1c.ilions using ihc IsI order
m.ilriccs The overall ,KTMMCV is t i i r lhc l increased I)V S Io III'.» using
huih Ki and 2nd oidci ni.i lriccs o\ci Ihc IsI order matrices along.

In this case sludy, we intended Io follow the concept of K Vs work, to
sec whether the theory could work in non-apparent rotation practice
urea in the LI.K, and go beyond thai. In iniruducc ihc second order
transition matr ix which counts the roations lor three adjacent years.

METHEI)OLO(JY

Tilt' discriminating func t ion in thi' maximum likelihood rlassificr is the
Baycsian rule:

g i ( x ) = (27T)' '"'2I * ( I Ci H0'5» *
exp[-0.5*(X-Mi) ' «Ci"1

* (X-Mi) * P ( w ) i* J
Where:

A"

1

KKYVVORI)S; t i .msil ion matrix, rotation, classification, accuracy.

INTRODUCTION

Crop classification using satellite data lias become more and more
important in agricultural remolc sensing. However, Ihe classification
accuracy ol using satellite data along can nol normally he satisfactory
because ol the inlieicnl spectral overlapping among erops.
Many studies have been carried out on including various knowledge and
ancillary data Irsing Io improve classical ion. .1 Megier el al ( 19H8) have
used I lie agri-ph\skai uni ts information Io refine the classification in
thei r study ol land use inventory and mapping in Avdcche urea. The
.irc.i was deeded into scx.ir.il /ones according lo their agricultural crop
systems, clim.ilk .nut alaphk conditions. The classification was refined
In tur thei decision-nuKinu rules using ihc APU knowledge. Tasse
I I1J1M)) has used IeMUrL- ,ind context informal ion together with
relleclance cliar.ii'leiislics ol TM imagery (or urban area classification.
Olher .incil.irx d.it.i l ike slope, aspect, digital elevation model and so on
.tie also iisul m u\ucl.ili<>ii eLissillcalioiis such as by Wu el at ( I1JSH) and
Skuhnorc ( I W ) ) .

> el \er\ Ie^ studies h. ivi been conducled on inclusion of crop rotation
s)sii;m knowledge (ot lemporal relalionsliips between classes) into the
classification, perhaps the best example is the one by Hans cl at (1<W1).
The st.ile u.tnsiium o! ;i field trom one crop lo another for a certain
l ime lap is numerical ly represented by a state transition matrix, each
enrty in the matrix represents the probability of a certain transition
lakes place in two adjacent years. The a priori probability in the
maximum likelihood classifier is replaced by the entries in the transition
m.ilriv, and a substantial increase in classification accuracy is then
obtained.

X is the observation vector fur the object under consideration,
Mi is the mean vector of class i,
(X-M)1 i.s the transpose of the difference between X and Mi,
Ci is the variance-covariance matrix for class i and
ici i is the determinant of Ci.
P(W) is the a priori probability,

(follow Hansc/ al).

The object will be classified as class k if gfc(X) is the largest.

In (act, the a firit/n probability could be further specified. Suppose the
crop slate transilion of a perlicular Held is Ireated as a Murcov chain, as
follows,

Wm.l-n \vk,i-2,wj,t-l,wi,t.

it we specify the lime lap a.s 3 years in the above chain, obviously more
information will be included, especially those ihrec year rotations
systems and a segment of longer term rotations. Then the a priori
probability is fu r the r specified and it can be written as:

p 2 ( W i , t / < W j , t - 1 / W k . t - 2 ) ) . (2 )

(2) is « jdiw {ontiitttmal jinrfx/fti/ify.

If P(wi,t/wj,l-l) is called ihc /Af <n<kt probability, then (2) is called 2ml
order a {man coiulilion.il probability.
\'~ actual!) means the prnb.ibilils ol state Wi lutppens under Ihe
ioniums Ih.i l ils previous shite was Wj and Wj's previous stale was Wk.
In p2. theie are iw'o cimditions ( two previous years' crop stale) to
speeily the probability of Wi, hence u should be thoereticallv better than

Proceedings of the Central Symposium of the 'International Space Year' Conference. HeW in Munich. Germany, 30 March-4 April 7992
(ESA SP-341, July 1992)
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r" l \^i , l \ \ |.i I ^k I ^ \\m.\ ID l ^ l

P" I^ tin. K loi. k i.ilK.I l IK /JlIi <j /»t<»i piMlt.ibiliiv

mtouu.UuMi ( i l n • \)Ol i. ourse OIK taunoi nulude u pre^ouv <,io
into the !.KISM! leal ion hee.uise
I irst ol .til. jll I)K [HL uuiis cropping mlormation have Io be .nailable.
olmously this is noim.ilK impossible, Sectmdly, there will be enormous
i.ileulalions ol UK jmni condilional probabilities Take the 2nd order
probability, it there .ire ID classes under considération, the probabilities
needed to be calculated are HJ' U)(X), Thirdly, when n exceeds ihe
actual lap ot ,1 certain rotation, which means the rotation will start to
repeat, then il is meaningless to include the re.st ol the pre\iou.s
cropping st.de inlormation because no new information can be
i e presented

In our studs, we have included 2 picvioiis sears cropping inlnnnalion
sJccmeK, because llic ground data aie nul available lor .ill llie fields
loi a 2 \eai period

STUIW ARKA iind DATA

I IK sludv.aiia is lovakd in Devi/es, \Vilishiie in southwest Kngland
uhkh is ,ilso OIK ol I Iu giound data volleidon aieas ot I IK, \:\.( Rapid
Aiea ami N icM r.stim.tlion project [\<.-\\ \ : } Tin li\tdilinnal
.igncullural ptailkc is mainlv teie.ils.nul pasiurelaiuts, olhci trups like
1 1 ml crops and oil sen! rape art i.iielv seen in this ,iiea. SOIIK ieglilar
u op rotation systems ap[il\ but Ihe major lotation is eereals sandwiched
wi th lemporar\ grrissl.ind, root crops am! sometimes oil seed rape as
break crops, in geiu ral, the rotation svslems arj rather diverse

The EHC' RAYhI project has been going on tor several years and the
ground data are available since PWh. There were Ut sample squares
within the study area, each with an area of 7IM)*7(H) m~. Each year,
ground data has been collected which include crop type, yield, area of
each field within the squares and so on. These data were used in our
studv

Three .SPOI HR\ images OVLI Devi/f lor PW) were used in I his studv
which art. M.tnh MHh (O2.s/24ii), Ma> Slh (U2.S/24<.) and June 21st
(U2'>/24<i) TIu. March linage w.is sckcled .-s the relerentt image and
the olher two images were (Jeomatehed onto the reference image. All
the images were almosphericallv corrected using a patch ol conilerous
woodland as a standard relerencc. reflector. (Kor delails ol ihe
Correction, pkasi n.lvi Io Ii ( 'haiiguiaii »V Ciiles l)e'soii/a. 1'''M). A V*>
pixel window was placed in the centre ol each field Io e.xtracl ihe mean
I)N ol each Ik Id VIu u were 2Sl IuMs in ihc siudv .tua

KNOVVKKI)GK ACQUISITION ;md CLASSIFICATION

As slated bv Mans el ai (W-1I), the slate Ir.msilion from one crop to
another for (he same Joeation can be represented bv a state transition
matrix. Each entrv in ihe matrix is calculated as the percentage of the
area occupied by crop i at lime t whose previous crop was j at lime t- l .

According to ihis, ihree transition malr icLs were conslructed and they
.ire MS7HK, MSNK'J and MS1MI. each represent ihe crop year S7 In SS, SS
(o SV .md 8'Mo1HI. respectively Table I shows these malrices
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winter vs heat.
winlci bailcv.
spring wheat.
siirinii barlcv.
urban iLMlurcs.
nil seed rape.
potatoes .nul
grassland. ((K-I minent A: lempoiaiv)

The 1st oïdcr transition matrix can only represent llie transitions from
one crop Ui anolhci lor 2 adjacent vears. In our study area, we have
loiiiul .̂  vcar period mt.tliitns like:

..tenipur.il> grass- -icmporary grass -winter wheat- >....

if I vvo consécutive V L ai s temporary glass were tnunil. llien winter wheat
will be definite!) louiul on thé s.nue location in thé .Vd year.
Furthermore, it snme olher crops toi her than grown in the 1st year, and
lemporarv grass giown in (lie 2nd \e;tr, ihen temporal) grass will he
definitely lound on the same sput in the .Vd vear. C'!early, the 1st order
transition in.it ii\ unnol express these sequences of temporal
relationships The two 2nd ordei ti.insilion matrices are thus created
which correspond to those two rotation rules and shown in table 2.
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Tahli'2. 2ml urila iii.ilriics. (.1). when Wl.i-2 lurs. Wj1I-I Murs. (h),
when \\k.l ? olhrs. \\ |.l-l lurs.

These i»u m.ilnces ,u-i jusi like swiiehes. Mie (li.iur.int shown tielow
ilupicls ihc i-l.issirii-.ilioll proteilurLS

(a). M8788
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ed In equation

V«^'1

U k , T - ?

W j . 1 - 1

av , l i l '

2nd order

M L C

yes | 1st order

-I
M L C

Kiiilu clasps v.^'n. meludvd in ihe vhis-Mt'tciituin and three SPOT image*
\vere u.sed Il IN ulmmis Ih . i l l i t e speelr.il sep.irubilils ol classes lor one
iin.uie is d i f f e r e n t t rnni .inolhei. so [he el;i.s.sifie;ilion xv;i.s conducted
ujnm ?> eoinhnuilions t.moups) ot ihe int.iiies These ;ire:

( I) M . t r ï l H h im.iue ,ilonu.
C) M . i i ï O t h • M.ivUMh,
O) \1.i\1lMh * June21\l

Hie previous eroppinu sLile intoniuuion were slored in filc.s jnd looked
up during the el.tsMlii.tiion Within e;ieh jiroup. three piirullcle
Jjssille;ilions «ere i jrr ied our

( /). Stunfititii MdMtJJUIfJ tiktiiliitifil ila.\\'ificnlion fSMLC);
<?). MU ' \\ttfi tin- a ftntm prtibahttav wfttw.t.'tt by the

Isl onit'i- ( tHitJtiHHttii im>hahifiiy;
i Î). A//.( " will l\'l it 2nd tinier tran.\itt(in malnci"*.

The Lilei KMI el.usiliiMiituis include ^ runs, each with one lr;insilion
nulr ix (ol MS7,ss. MtS1SN1J1MtS1J1JO). Three programcs were wrillcn in
H)RTRAN77 .md run under MS-DOS.

KKSIlTS

I'he cJ . ixs i f ie . i lhIM r e x u l i ^ were shuwn in Uihles \ 4 ;ind 5. The .iccuraey
xhnttii here helow is ihe o\er;ill ;icctn.icy ol the whole classification. The
.iLCUraiv ol c;u Ii iiuliMdvi.il cl.tss ts nul shown beLMuse of (he
r.ulundanev ol l.ihlc-v

I SHLC

I - MB788

I » H8889

I « M8990
I M8788«2nd
I H8889»2nd
I M8990*2nd

I 55.95%
I 71.43X
| 69.80%
| 66.53%
| 72.80%
i 86.0»
| 78.70%

I
I
|

I

I
I
I
L

tables. Comparison of c l a s s i f i ca t i ons on HarJOth data.

B. • s i g n i f i c a n t d i f fe rence at 95% confidence level ,
** s ign i f i c an t d i f ference at 99% confidence level.

These syirtaols w i l l apply in the fo l lowing tables, too.

I

1

I

!

i

r
I

I
i

(Ove

SHLC I

• H8788 I
» M8889 )
« H8990 I
H87B8*2nd 1

H8BB9*2nd |
HS990*2nd ,

Table'. Classif

(OVC

-V

SHLC '

« H8788 i
« H8889 i
« H8990
M8788«2nd
M8889+2nd I
«8990« 2nd |

. i -

Tables. Ctassifi

r a i l accu.*

66.53%
77.58%
76.3«
71.88%
85.39%
83.64%
79.00%

ication on

rail accu.%

71.25«
79.81%
78.70?,
76.50%
89.52?,
84.91?.
61.25%

cot ion on M

_ , _- ..|

I 'est [
T 'J '

I [ I

I " ' I

1 * 1 I

I I I

i " I * I

l " l * l

I " I I

HarSOth • HayOSth.

1 test I

-*• -i (
I ' I
i ! I

I ! 1
" * .

I • i I
I ' I i
j - . i — - j

ay05th « June21st.

Classifications wi th in each iiutup was compared according to:
K I - K 2

delta k = ................... (5)

Where:
Ki is the Kappa and
var(ki) is the variance of kappa.

COMPARISON OF CLASSIFICATION RESULTS

I. C'OVtI1AKlSl IM Il IS I I)IU)I U M A I I t K I S I I I I III-SMLC

From Ihc chiMinculiun results shown iihovc. one cun clearly sec thai all
ihe three transition matrices have improved the accuracy. In Ihe
classification of the dala set of May()5th and June2tst, the use of
spectral data along gives an overall accuracy of 71%, the increase in
accuracy be using all the three matrices i.s roughly H%, and the test tells
thai Ihe increase is nol significant. In ihe classification of the data set of
Mar3()lh and MayOSlh, the .spectral data along gives Wi.5% accuracy,
holh MS788 and M8S81) give 10% increase in accuracy, and the increase
is significant. M8WIJ gives Wi increase, hut not significant. The SMLC
upon dala set Mar3l)lh gives the lowesl accuracy, about 56%, three
matrices have increased the accuracy by K) to 15%. and the increase Ls
significant.

2.1'OMI-AKISl)M)I J1M) » ISl OKl)I K V I A I K U I S II) SMLC'

When Ihe 2iul iirdei matikvs ucrc used, the accuracy is further
increased: un the M.n Win d.il.i. the iiiirciisc is from 17 Io Wi; on the
il.ila Mar.lDlh ' Ma)DSlIi, the inerea.se is 14 Io I1)';; on Ihe
M,iyl)5tlit.lunc2lsi data, the increase i-, III to IS' 'r. The IcMs shiivi thai
(he improvement lor ,ill dala set.s is significant.

3.CoMI1AKtMlMlI 2M)+ ISI OKDI-.U H) lsl DRDhIlMAlRKT-S

The improvcnicm of classification by using both Ihe 2nd order and 1st
order maintes is much less, but it still showns the increase, over 10%
on Mar30th data, aboul 8% on Mar3(llh+Mav05th dala, and over 6%
on May05lh + Junc21sl dala. Slill some matrices do improve Ihc
classification significantly over Ihc firsi order, but the increase is rather
marginal especially when Ihe spectral separability is higher.

There i.s clearly a lendancy: Ihe improvement in accuracy by using
transition matrices depends highly on the spectral separability of Ihc
dala scl used. If Ihe separability i.s higher, then the increase is less. On
Ihe contrary, il' Ihc separability i.s lower, ihen the increase is higher
Beyond this, il higher order transition matrices are used, Ihe belter ihc
classification icsiills can be.
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I)IS(ISSK)NS

•MllhUlLJ. l l ( Ik J k t l l V U K N s »1 IUI )Ml It Hl I N , i l I K ^ s Oil I IK il Oj)

Jassilkatiou is nul torn pai id among llicmsclu's, H is clc.it tha i each
malNX g lVCS JtIk K1IlI dciMXi ol IIKTC,ISL 111 ,ICCliraCV. Tl)L' d î l l c rCIKC CJI)

K MUIH(K,ml il ilk Np1. d ia l scp.iiabililv ol the dala set Used is low. Due
Io the hniilcd mimki ot Ik-Ms huludcd |onl> 2Sl Ik-IJs .nul some ol
I hem do not h.iu uop stale i i i loimalioii bct.iiisc ot I he changes of Held
boundaries), UK malr ix isl.iblishcd lot each crop yc.tr is slightly
ditlercnl Ironi each oilier Therctoic, .1 larger number of fields should
he used in order tha t UK rcprcsenlibihly ot I he transition matrix is high
This problem would not exist il the matrix is established by human
experts, but the experts prédiction i.m be dif lercnl from I he reality
(HdI)Sd al I W i I )

Among thosL IkIds, hall ol them do not have 2 >c.n cropping
information due to di.ingcs in field boundary, loss ol data and so on. Il
ihc cropping slate intorni.ilioii ,ire ent i rely available lor all the fields,
the classifkalion . U L U I . K V uould luvi kui even betlei improved.

Hie imprmcmcnl ol classification using transi t ion matrices depends on
(he dala set used. One noticed that I he highest spectral separability is
only 71r'( '(data Ma\1)5th * . lune2ls t ) , Î I more data were used (higher
separability), the increase could not be so obvious. This mu«*ns that ihc
spectral data is redund.iiit. one can see thai even with one date image
data, the accuracy can be almost eiaiivalenl Lo that achieved by using
two-dale dala.

A great concern ot this algorithm is (he aujuisalion of previous cropping
mlornialion. Il would lie unimeginablv costly (D collect the ground dala
lor same locations lor a number of years, cspecailly lor a large
giographk aica. Il would alsn K coslK to digiti/e the ground (.IaIa if the
Jassificalinn is implemented on an image basis (this is normally the
case). One solution is perhaps to use ihc prc*classit!cd thematic images
.is an input, but llie accuracy of prc-classillcalions has to be considered
ui lh care and, ot tour se some oilier problems arises al the mean lime,
loo

This case siml\ \v,is urricd out in the Ll .K where regular rotations are
noi apparent, ImI U s t i l l shmts a gieal in Il tie nee on the classification.

v A K Skidmore. An tixpert System (.'lassilles Kucalypl l-'orest Types
using Themetic Mapper Data and a Digital Terrian Model. I1WV.
Phtogrammelric lingineering iV: Kemole Sensing. VoLv, No. I. pp I3.V
I4(i.

(i. A H Slrahlcr , the use ol prior probabilities in maximum likelihood
classification ol remotely sensed dala. Remote Sensing ol Knvir . . 10, pp
l.Vv|(>3, IVSlI.

1. .1 K Uu el al. Model KIM.d umouly sensed imagery inlerprclalion.
Im Journal ol Kcnmlt. Stnsing. |vss. \ ol V. No. S. pp1.V47- l\Sri.

CONCUSSIONS

1

Knowledge ol uop temporal relalionships represenled l>v stale
Iransilion matrices improves ciop classification when coml>ined with
spectral data ol satellite images. The increase depends on the spectral
separability ol the image dala. The 2nd order transition matrices.
logchicr wi th the 1st order malrites even fu r the r improve crop
classifications. It is lecommciuled thai the method be applicable when
ground dala ol cropping inlormalion are available.
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ATMOSPHERIC CORRECTION OF LANDSAT/TM DATA OVER
MOUNTAINOUS TERRAIN FOR FORESTRY APPLICATIONS

G. Kattenborn

Abteilung Luftbildmessung und Fernerkundung, Universitàt Freiburg

ABSTRACT

A method to correct atmospheric effects on
Landsat/TH data over mountainous terrain in the
solar spectrum was developed primarily for forestry
applications, but can also be adapted to other
sensors and applications. The algorithm
automatically identifies patches of dark, dense
vegetation as controllable dark surfaces for the
estimation of the aerosol optical thickness.
Thereby a network of radiometric control points is
laid over the scene which supply horizontal as well
as relief induced vertical changes in atmospheric
conditions. Atmospheric parameters calculated with
LOWTRAN over these pixels are smoothed and
interpolated by cubic spline regression. With these
values atmospherically corrected ground re-
flectances are calculated pixelwise by iteration of
a correction model. Improvements in visual
interpretation, in the standardization of photo
products and in the use of calibrated data with
multitemporal applications are discussed.

Keywords: atmospheric correction, forestry,
muHitemporal applications, standardized photo
products

1. INTRODUCTION

A number of remote sensing satellites such as the
Landsat series have produced encouraging results
for the application over land and water bodies.
Monitoring tasks and the input into information
systems grow steadily in importance as opposed to
single evaluations. This trend shows the demand for
a standardization method for the ever increasing
amount of heterogenous multitemporal, multisensor
and multiangle data.

The distortion of surface signals by external
conditions during the sensing aggravate the
qualitative and quantitative data interpretation
and the comparison of different data sets in both
visual and digital interpretation. Particularly
forestry evaluations of multispectral data which
are frequently taken over mountainous terrain
suffer from vertical (Refs. 1 and 2) aid horizontal
(Réf. 3) atmosphere innomogenities. It is therefore
desirable to standardize data sets taken at
different dates or places by eliminating the
effects of varying atmospheric and insolation
conditions.

2. REMOTE SENSING MODEL

Atmospheric gases and aerosols modify the incident
solar radiation and the radiation reflected by the
surface by attenuating it and by changing its
spatial distribution. The result is a blurred image
of the objects. Dark surfaces, such as vegetation
or water in the visible spectral region, are
brightened by path radiance. Bright surfaces, such
as vegetation in the near infrared, are darkened by
extinction of the reflected radiance. Furthermore
the reflection from contrasty surfaces leads to a
net transfer of radiance from bright surfaces into
the line of sight of the sensor while the sensor
itself points toward a dark target. The result of
this background effect is a diminuishing of the ef-
fective ground resolution and is important for high
resolution sensing systems.

The satellite signal in a given spectral band can
be described by a remote sensing model which calcu-
lates the solar radiance reflected by a Lambertian
surface and received by a sensor in space

- for a uniform surface or given a low ground reso-
lution of the sensor as

Lobs = A-(t<jir+tdiff)

- for nonuniform surface and given a high ground
resolution of the sensor as in the case of
Landsat/TM or SPOT as

Lobs (2)

where LODS - radiance observed, A - target reflec-
tance, AB = average background reflectance, EQ =
global irradiance, td,r - direct transmittance,
tdiff * diffuse transmittance Lp = path radiance.

3. ALGORITHM FOR ATMOSPHERIC CORRECTION

The atmospheric correction was developed, applied
and tested using Landsat/TM data for forestry ap-
plications. Concept and implementation are however
universal enough to be adopted to other sensors and
applications.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich Germany. 30 March-4 April 1932
(ESA SP-341. July 1992)
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lhe steps of the procedure are carried out with
KALKUL (Réf.4), a programming system specially
developed for pixelwise processing of digital
images at the Abt. Luftbildmessung und
Fernerkundung of Freiburg University. The code
LOWTRAN 7 (Réf.5) is applied for all radiative
transfer calculations. The calibration coefficients
recommended by Hill (Réf.6) are used for the ca-
libration of the Landsat/TM data. The spectral
responses of the TH bands are taken into
consideration within the bandwidths and with values
provided by Palmer's moments method (Réf. 7).

3.1 Selection of radiometric control points

Atmospheric corrections of multispectral satellite
data which are not merely based on climotological
data or additional measurements must make certain
assumptions on the reflection characteristics of
observed surfaces. For this purpose it is important
to select dark surfaces with stable optical charac-
teristics over which the satellite signal carries
primarily information on atmospheric scattering.

The most appropriate surfaces from the viewpoint of
forestral remote sensing are vegetation and
especially forest stands which fulfil the required
reflection characteristics in the visible spectral
region and exist in the image data in sufficient
numbers as central objects of the evaluation. The
suitability of vegetation stands for the calibra-
tion of multispectral data has already been tested
and confirmed by other authors (Refs. 8-10).

A modified version of the Kaufman and Sendra method
(Réf. 11) was applied to identify the pixels repre-
senting the required dark, dense vegetation. First,
areas with dense vegetation were identified by high
values of a vegetation index (section 1). A low re-
flection in the near infrared (section Z) serves as
a second criterion for the selection of dark, dense
vegetation stands. The intersection of section 1
and 2 contains pixels with the required characteri-
stics (Fig. 1).

DN TM4

150

100

50 -

section 1

section 2

3 4 5
ratio vegetation index TM4/TM3

Fig. 1: Schematic description of the method for the
identification of dark, dense vegetation from high
values of a vegetation index and a Im reflection
in the near infrared.

The size of the sections is determined by an
estimate of the vegetation area in the scene (Réf.
12). The scene is thus covered with a network of
radiometric control points which, by means of
radiative transfer calculations, serve to generate
data on the actual local conditions of the
atmosphere.

3.2 Modelling atmospheric conditions

3.2.1 Selection of an aerosol model and
computation of atmospheric data

For an accurate correction of atmospheric effects
in all spectral bands it is essential to select an
appropriate aerosol model for the radiative trans-
fer calculations. LOWTRAN aerosol models represent
the optical characteristics of the aerosols and
their wavelength dependency. Conversely the aerosol
optical thickness calculated in two of the spectral
bands of the image data supplies according to its
wavelength dependence information on the required
aerosol model according to

(3)

where v = wavelength exponent of aerosol extinc-
tion, T-Ai1T

-AZ = aerosol optical thicknesses for wa-
velengths -Ij and .\2-

This relation can be used to infer the particle si-
ze distribution from the wavelength exponent with a
precision sufficient for remote sensing applica-
tions (Réf. 13).

Using various aerosol models LOWTRAN calculates in
bands TMl and TM3 the mean aerosol optical thick-
nesses over the radiometric control points. Consi-
dering reflectance values measured for vegetation
stands the calculation is based on a surface re-
flectance of 0.025 in THl and 0.030 in TM3 (Réf.
12). Eq. 3 calculates from the aerosol optical
thicknesses the wavelength exponent of the extinc-
tion for each aerosol model tested. The wavelength
exponents calculated in this way from the image da-
ta are now compared with the wavelength exponents
of the aerosol models for the standard aerosol con-
centrations provided by LOWTRAN. The aerosol model
with the closest correspondence is used for all
further calculations.

This aerosol model and the assumed reflectance for
dark, dense vegetation serve to determine the aero-
sol concentration over the individual radiometric
control points in band THl. It is used for the cal-
culation of the values for transmittance, path ra-
diance and global irradiance in all spectral bands
under correction. The altitude of the radiometric
control points gathered from a digital terrain
model can be considered by a modification of the
aerosol profile in the atmosphere boundary layer.

3.2.2 Smoothing and interpolation of the
atmospheric data

For the atmospheric correction of a scene atmosphe-
ric parameters must be determined for each pixel.
The atmospheric data calculated over the radiome-
tric control points are therefore smoothed by cubic
spline regression and values of the parameters are
stored simultaneously for each pixel. This is an
efficient way to smooth high frequency noise of the
atmosphere parameters during the horizontal and
vertical modelling of the required regional changes
in atmospheric conditions. The result are radiome-
tric data available for the application of the cor-
rection model at each pixel as shown in Fig. 2 with
the example of the aerosol optical thickness in
.band TMl of a Landsat/TN scene of Freiburg taken in
1984. The digital terrain model on Fig. 2 shows
that the aerosol optical thickness values from the
image data are largely correspondent with the chan-
ges in the terrain.

'.HI



Fig. 2: Jhree-dimensional diagram of the terrain
model (above) and the aerosol optical thicknesses
in band THl (be)ow) derived from the image data of
a Landsat/TM scene of an area near Freiburg taken
in 1984.

3.3 Iteration of the atmospheric
correction model

Owing to the lack of necessary information on back-
ground reflectance it is assumed that the pixel re-
flectance and the average background reflectance
are identical. Inversion of Eq. 1 thus allows to
derive pixelwise the surface reflectance for the
scene under correction. The resultant reflectances
are taken as a first estimate of the background re-
flectance.

The next step is to apply the inversion of Eq. 2
considering the background effects, and to re-apply
the calculated reflectances to determine the back-
ground reflectances. The procedure is iterated un-
til the differences in atmospherically corrected
reflectances in subsequent calculations have fallen
below a threshold defined according to the radiome-
tric resolution of the sensor.

The averagp background reflectances are calculated
with a 51 x 51 pixel matrix. With regard to the
ground resolution of Landsat/TM the method thus
follows measurements and calculations of background
effects by various authors (Refs. 14-16) in assu-
ming a "radius" of 750 ms around each pixel. The
assumption is thaï, the background reflectance de-
creases toward the outside until pixel projections
and scattering angles in the atmosphere become neg-
ligibly small so that the average path lengths of
the scattered phott/ns (Réf. 17) become too big for
a noticeable effect on the target signal. The
weighting of the reflectances from neighbouring pi-
xels is therefore calculated in inverse proportion
to the radius as

KS7

The area encompasses parts of the Rhine Valley, the
Kaiserstuhl mountain and the western slopes of the
Black Forest. The Landsat/TM scenes were taken on
23 July 1984, 27 June 1986 and 25 May 1989.

4.1 Atmospherically corrected image data

For a visual evaluation of the correction results
Fig. 3 compares the atmospherically corrected data
of band TMl from the 1984 Landsat/TM scene with the
original data.

\

Fig. 3: Enlargement of a section from the original
band (left) and atmospherically corrected band THl
(right) from a Landsat/TH scene of an area near
Freiburg taken in 1984.

Even at first glance the atmospherically corrected
image appears sharper and richer in contrasts. This
is due to an enhanced detail visibility which ap-
plies to all forms of land usage. Farmland shows a
clearer structuring and parcelling than in the un-
corrected image. The correction has also produced a
sharper distinction between forest and non-forest
areas. Within the forest parts of the infrastruc-
ture are discernible such as forest stand delinea-
tions through the road network.

4.2 Profiles of pixel values

For a detailled evaluation of the effects of atmo-
spheric correction pixel value profile were esta-
blished for identical lines from atmospherically
corrected and uncorrected Landsat TM/data recorded
in 1984. Comparability was ensured by selecting a
line with an almost identical amplitude of correc-
ted and uncorrected values (Fig. 4).

where G)1 = weight of neighbouring pixel with actual
radius k (in pixels), n = total radius.

4. RESULTS

An area near Freiburg, Germany is used to illustra-
te results of the Atmospheric correction method.

Fig. 4: Pixel value profiles of an image line in
the original (left) and the atmospherically correc-
ted band JHl (right) from a section of the Land-
sat/TM scene of Freiburg taken in 1984.
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The comparison of the profiles confirms that atmo-
spheric correction increases the dynamics of the
data considerably, and therefore the contrast.

4.3 Standardized photo products

When original grey values are used neither standard
transformations due to changes in observation con-
ditions, nor scene specific transformations due to
changes in the contents of the scenes allow a stan-
dard colouring of photo products from various sce-
nes. It is therefore difficult for the interpreter
to distinguish the actual changes from one scene to
another from the artefacts of image enhancement.

With atmospherically corrected data, which are lar-
gely undistorted by changes in sensing conditions,
it is however possible through standard transforma-
tion to produce photo products of each Landsat/TM
scene with constant colouring. The photos in Fig. 5
were generated from atmospherically corrected 1984
and 1986 Landsat/TM scenes of Freiburg through a
linear transformation of bands TM7, TM4 and TH3.
The upper and lower limits of the reflectances to
be transformed (see Table 1) were specially selec-
ted for forestry application following Ahern and
Sirois (Réf. 18).

band

min.
refl.

max.
refl.

-O

O

TMl

.01

.12

-O

O

TM2

.01

.15

-O

O

TM3

.01

.17

-O

O

TM4

.01

.53

-O

O

TMS

.01

.35

TM7

-0.01

0.21

Table 1: Linear transformation limits for the gene-
ration of standard photo products for forestry ap-
plications from atmospherically corrected reflec-
tances.

The photo products distinguish clearly between fo-
rest areas according to colour characteristics and
thus provide a good survey of the local forest con-
ditions. Deciduous and coniferous forest stands can
be differentiated by their light and dark green co-
louring. This, in addition to the constancy in co-
louring (see Fig. 5 left and right), is another ad-
vantage of photo products standardized in this way
which, by selection of the spectral bands and the
transformation limits, can be further refined simi-
lar to thematic maps with classes distinguished by
colours.

5. RESULT CONTROL

5.1 MuIt!temporal comparison

The time series of 1984, 1986 and 1989 which are
shown in Table 2 consist of the average original
grey values and atmospherically corrected reflec-
tances in the bands of Landsat/TM scenes of the
southern Upper Rhine Valley. In contrast to the
average grey values which vary considerably in the
individual bands the averages of atmospherically
corrected reflectances are largely correspondent.
The average reflectance of the area appears to be
relatively stable at the various recording dates,
while the variations of atmospheric conditions and
sun angles which are recognizable in the differen-
ces in the average grey values, were for the most
part eliminated in the correction.

scene

1984
1986
1989

1984
1986
1989

TMl TMZ TM3 TM4 TM5 TM7
atm. corrected reflectances

O.
O.
O.

066
066
067

O.
O.
O.

109
111
112

O.
O.
O.

original

88
82
79

.4

.9

.6

38
37
36

.0

.5

.5

37
35
36

120
no
122

O.
O.
O.

grey

.3

.3

.8

94
98
92

518
501
476

0.292
0.297
0.308

O.
O.
O.

189
197
218

values

.6

.9

.4

79.0
86.0
70.3

31
36
38

.9

.0

.7

Jable 2: Average original grey values and atmosphe-
rically corrected reflectances of the southern Up-
per Rhine Valley in the bands of Landsat/TH scenes
from 1984, 1986 and 1989.

5.2 Correction of background effects

Smaller water bodies are a good example to demon-
strate the necessity and efficacy of background ef-
fect correction. This study uses the spectral si-
gnatures of a lake from the 1984 Landsat/TM scene
of Freiburg which is closely surrounded by forest
and 500 ms in diameter. To avoid distortions from
signal components from the lake bottom near the
banks pixels toward the centre were selected for a
spot check. Exoatmospheric reflectances were calcu-
lated as well as path radiance corrected reflectan-
ces prior to background radiance correction and
both path radiance and background radiance, correc-
ted reflectances as the final products of the cor-
rection procedure (Fig. 6).

Fig. 5: Standard photo products refined for fore-
stry applications. The images were generated by a
linear transformation of atmospherically corrected
reflectances in bands TH7, TH4 and TH3 from Landsat
scenes of Freiburg recorded in 1984 (left) and 1986
(right).

0.14

0.12-

0,1-

0.08'

0.06

0.04 >

0.02 •

•iu»1ino»p«flc
«ithrtd corr
bickflr lad «err

l.3um 1.eiJfn

wavetengtti

Fig. 6: Exoatmpspheric, path radiance corrected and
both path radiance and background radiance correc-
ted signatures of a lake from the 1984 Landsat/TH
scene of Freiburg.
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The uncorrected and merely path radiance corrected
signature of the lake are marked by a peak in band
TM4, the spectral region of maximum reflection of
vegetation. These values which are unusually high
for the reflection from water bodies in the near
and middle infrared are due to the background re-
flectance from the surrounding vegetation. In this
case only background effect correction produces a
signature which is typical for water because the
reflectance from clear water in the infrared spec-
tral regions is zero. Owing to the fact that this
particular lake is relatively clear the difference
between the background effect corrected signature
and this level can be taken as an indication for
the precision of this kind of atmospheric correc-
tion.

5.3 Sensitivity to the assumed reflectance
of the radiometric control points

The reflectance assumed in the radiative transfer
calculations for dark, dense vegetation has an im-
mediate effect on the values calculated for path
radiance, transmittance, global irradiance and the
correction result itself which has been calculated
on the basis of these data. It is therefore impor-
tant to give an estimate of the imprecision of the
correction result which is tied to the reflectance
assumed for the radiometric control points.

Table 3 shows the atmospherically corrected reflec-
tances for the mean grey values of the Landsat/TH
scene from 1984 when the assumed reflectance of the
radiometric control points in band TMl changes by
0.01. In band TMl a change in the assumed reflec-
tance by 0.01 produces a change of the atmospheri-
cally corrected reflectance of the same size. In
the other bands the change is considerably smaller.

refl.
rad. c.
points

0.025

0.015

atm. corrected reflectances

TMl TM2 TM3 TM4 TM5 TM7

0.067 0.108 0.116 0.522 0.264 0.167

0.057 0.102 0.112 0.526 0.267 0.167

Table 3: Atmospherically corrected reflectances for
the mean grey values of the Landsat/TH scene of
Freiburg taken in 1984 when the reflectance of the
radiometric control points in band THl assumed in
the calculation of atmospheric data is changed from
0.025 to 0.015.

6. CONCLUSION

Landsat/TM was used as an example for the develop-
ment of an algorithm for atmospheric correction of
multispectral satellite data. The method requires
only one data set and can be applied to any ground
resolution provided that the scene contains patches
of dark, dense vegetation beyond pixel size.
Among vegetation types especially forest areas
(Réf. 12) provide controllable surfaces which can
be used to establish a network of radiometric
control points for the calculation of the required
atmospheric data. These data correspond with the
actual local atmospheric conditions over a scene in
contrast to algorithms which use visibility
estimates or assume standard conditions for the
description of atmospheric conditions.

Information on the reqired aerosol model, e.g. the
aerosol phase function, is also gathered from the
image data. The method used for this purpose can be

applied to all imaging systems which have at least
two bands within the visible spectral region (Réf.
13). A possible imprecision of the single scatte-
ring albedo, e.g. the aerosol absorption, which
cannot be determined from the image data might be
balanced by the inclusion of the value for the
single scattering albedo both in the calculation of
the aerosol optical thickness over the radiometric
control points and in the path radiance values em-
ployed in the correction model.

Almost completely based on image data atmospheric
parameters are calculated with a minimum of genera-
lising climatological data. Correspondingly the at-
mospheric correction model is designed for opera-
tional use independent of further input. However,
although producing good results the correction mo-
del also illustrates the limits of ground reflec-
tance calculation from multispectral satellite da-
ta, since each refining of the correction model re-
quires additional input data which must be corre-
spondingly precise. An equation for the exact de-
scription of the radiation field over a pixel could
in this context serve as an extreme example. It
would require precise information on the surface
reflection characteristics before it could be sol-
ved to calculate these reflection characteristics.
This lack of a priori information is compensated
for by generally presupposing Lambertian surfaces.
According to Lee and Kaufman (Réf. 19) this as-
sumption is justified for nadir or almost nadir ob-
servations as in the case of Landsat/TM.

Possible anisotropy effects are less important in
multitemporal interpretations and monitoring tasks
using atmospherically corrected data provided the
same sensing system with the same observation geo-
metry is used. Koepke (Réf. 20) has presented a
possible solution through the description and cal-
culation of anisotropy conversion factors for the
surface types coniferous forest, pasture and arable
land which could be used for anisotropy correction
by subsequent processing.

As shown with the example of a water body, the ite-
rative approximation for background effect correc-
tion based on a pixel "radius" of 750 ms has turned
out to be efficient.

Results of mult!temporal comparisons of targets
with stable reflection and a sensibility analysis
have shown that an absolute precision of 0.01 can
be reached in atmosphere corrected reflectances
(Réf. 12). A correction method which takes neither
horizontal nor vertical changes in atmosphere con-
ditions into account would certainly be less pre-
cise.

Albedo images generated with the correction model
are much easier to comprehend in visual and digital
interpretation because in contrast to the original
data they represent intrinsic surface characteri-
stics. The reached precision allows the production
of standard photos which could be used as survey
maps. It seems to suffice for such monitoring tasks
as the study of changes in forest areas or land
usage. These monitoring demands require new efforts
in the visual and digital interpretation of the
corrected images. Particularly the input of atmo-
sphere corrected, and thus largely standardized da-
ta into information systems is likely to improve
the methods of interpretation. With the trend to a
rationalization of the interpretation the correc-
tion of external effects becomes more and more im-
portant because reliable radiometric correction
helps to reduce the number of problem solutions
which a interpretation or expert system has to take
into account.
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ABSTRACT

A concept for updating and revision of forest maps and as-
sociated tabular data using satellite remote sensing and
GIS-lechniques is presented. The method is based on inte-
grated use of visual interpretation, image segmentation,
ocular field inventory and statistical estimation techniques.
The methodology was implemented on a PC-based
CIS/remote sensing workstation for forestry. The system
was used by a forest company for update and revision of a
5083 hectare management unit. The experiences gained
indicated a potential for substantial cost savings and sev-
eral other advantages compared to the conventional meth-
ods used in practice. The experiment also showed that the
technique can be customized to be used at the local level in
the forestry organization.

Key words: Satellite remote sensing, GIS, Forest inventory

1. BACKGROUND

Up-to-date forest maps and accurate estimates of stand
characteristics are essential for efficient operational man-
agement planning in forestry. However, the conventional
methods currently used for forest inventory and mapping
(i.e., interpretation of aerial photography and ocular field
inventory) are very expensive. Due to the subjective nature
of ocular field inventory and inefficient procedures for up-
dating, the data quality is often rather inconsistent. Often
very little of the existing data is utilized in the production
of new forsst maps and tabular data. High resolution satel-
lite imagery can provide up-to-date information for large
areas and quantitative estimates of several forestry
parameters can be derived by means of visual
interpretation and/or digital processing. CIS-software's
capable of utilizing digital satellite data are becoming
more frequent. However, they still usually require rather
advanced operator skills and expensive hardware.

2. AN ALTERNATIVE APPROACH

The basic concept of the new method is to update and re-
fine existing map and tabular data and to utilize additional
sources of complementary information to reduce the need
for field inventory. Methods for automatic processing and
analysis of satellite imagery, digital map and tabular data
are implemented on an integrated remote sensing/CIS
workstation specifically designed for forestry. The system
should be based on low-cost general-purpose hudware in
order to reduce the investments required.

The existing digital map is updated and refined by means
of visual interpretation and editing directly on the work-
station monitor with satellite imagery displayed in the
background. The work is supported by iyitem function!
for change detection (Refs. 2, 3) and image segmentation,
(Réf. 1). Quantitative estimates of stand variables related
to tree size and species composition are derived from die
reflectance properties of each forest stand using regression
functions (Réf. 4). Stands requiring a refined delineation
and/ or increased accuracy of stand parameter estimates
are surveyed using an efficient method for ocular field in-
ventory. Systematic and random errors in the existing
tabular data, satellite based estimates and new field inven-
tory data are determined with an objective second phase
inventory. Finally the available information sources are
calibrated and combined into new composite estimates
•>vith improved accuracy (Réf. 1).

The aim of this study is to evaluate the practical aspects of
the new approach, specifically the routines for visual in-
terpretation of satellite data and map editing , and also to
develop routines for field inventory.

3. PROTOTYPE AND FIELD TESTING

A prototype CIS/Remote Sensing workstation bated on a
386-PC and a dye-sublimation color printer was developed
(figure 1). The functions selected for implementation were:
• Image segmentation
• Color space compression

Interactive editing,
• Map printing
• Entry and editing of field inventory data.

The prototype was tested by the Ostersund branch of the
forest company Domanverket during the summer of 1991.
The system was installed at a local district office and oper-
ated by regular field inventory staff.

The system was found to be very user-friendly and simple
to operate, also for personnel without previous experiences
in computers or GIS. The SPOT XS+P color-infrared im-
agery was readily accepted after two days of introduction.
The color information was considered to compensate for
the lower resolution compared to the panchromatic aerial
photos normally used. The forest map of a 5083 hectare*
management unit was updated by means of visual interpre-
tation and interactive editing on the system. Ocular field
inventory was carried out for some 1500 hectares. The av-
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Figure 1. The PC-based prototype version of a CIS/remote sensing workstation for forestry installed at a local forest district
office of Domimerket in the town ofBacke. The system is based on a standard IBM-PSI2 mod. 70 with math coprocessor, 6 Mb
RAM. 60 Mb disk and 1 Mb display memory (right). A Shinto S445 dye-sublimation printer (24-bit, 300 dpi) is used for pro-
duction of high-quality hard-copies for field use.

erage area covered per day by the field inventory personnel
was approximately SO hectares. The size of description
units varied from 1 to 10 hectares.

Based on the experiences from field testing, the costs for
operational updating and revision of forest maps using the
satellite-based method could be roughly estimated. When
conditions typical for larger forest companies in Sweden
are assumed the methodology compares very favorably to
conventional methods, mainly due to the reduction of field
inventory needed and efficient map production, figure 2.

Figure 2. Costs per hectare (SEK) for forest map updating and
revision.Satellite-ud * regular updating including costs for 2:nd
phase inventory. Satellite-rev « complete map revision and field
inventory. Conventional » ocular field inventory and map produc-
tion based on aerial photos.

4. SYSTEM DEVELOPMENT

Improvements and modifications will be made to the pro-
totype system in order to develop a complete set for func-
tions for data exchange, image segmentation, and interac-
tive editing. During the summer of 1992 the new system
will be evaluated on an operational scale.
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FOREST DAMAGE DETECTION AND REFLECTION OF CONIFERS:
From Micro to Field Level

Outi Heikkila

Finnish Meteorological Institute

Air Quality Department

ABSTRACT

The reflection of Scots pine (Pinus sylvestris L.) needles was
examined in autumn in traffic environment in order to study the
usability of reflection information for forest damage detection.
The atmospheric concentrations of nitrogen oxides, ozone and
sulphur dioxide were measured and a mapping of epiphytic
lichens, indicating the biological effects of the measured
atmospheric impurities, was carried out. The trees, forming a
line perpendicular to a highway and thus suffering from
different amounts of environmental stress factors at different
distances, were photographed in the field on B&W infrared
film. Needle samples were also collected for macro and
microscopical IR photography, scanning electron and light
microscopy and chemical analysis. The reflection of single
needles was then studied more accurately by spectrometer
measurements both beside the highway and in background area.

Keywords: Forest damage, Pinus, Reflection, Photography,
Spectrometry, Electron Microscopy

1. INTRODUCTION

To interpret and process remote sensing data of coniferous
forests we need to understand the physical and physiological
basis of the reflection of single leaves and trees. For this
purpose, the reflection of Scots pine fPinus sylvestris L.)
needles from known air environment was examined in micro,
macro and field level. By photographing on B&W infrared
film, the reflection information was achieved as a vector
between 750 - 840 nm. Using a spectrometer, the reflection of
needles was also measured on 512 channels between 320 - 1050

The knowledge of the atmospheric constituents is of major
importance because of their effects, among other environmental
factors, on needle contents, structure and physiology. Different
air pollutants can cause different damage mechanisms. For
example, ozone can cause the disappearance of stomatal wax
layer which in turn contributes to the disturbed water balance.
Sulphur dioxide, on the other hand, can act as a toxic and
nitrogen may lead to frost damages: the tree continues its
growth for too long in autumn and the nitrogen metabolism
essential to the development of frost hardiness may be
disturbed.

2. MATERIALSANDMETHODS

The study took place in autumn in southern Finland near
Highway number one about 140 km from Helsinki to Turku.
The method of visual pine damage classification used in the
work was based on the amount of needle years left and the
general type of the damage classified according to Jokinen
(Réf. 2). The general damage type in class one is no visible, in
class two moderate, in class three obvious and in class four
strong damage. Trees belonging to the fifth class are dead and
only brown needles can be found.

First, the needles were photographed in 1990 in the field and
macro and microscopically in the laboratory on Kodak High
Speed Infrared 2481 film using a strong red filter. The method
of visual image interpreting was based on the tones of grey due
to different reflection values of the objects. The trees (n = 12)
chosen for the study formed a line perpendicular to the
highway. The atmospheric concentrations of nitrogen oxides
(NOx), ozone (O3) and sulphur dioxide (SO2) were measured.
In addition to the visual damage classification, some other
bioindicator iTiethods were used as well. The needles were
examined with a Jeol JSEM-820 scanning electron microscope
(SEM) and with e light microscope in order to study pre-visual
damages in needles. The concentrations of nitrogen (Kjelldahl
method), a- and b-chlorophylls and carotenoids (according to
Lichtenthaler & Wellburn, Réf. 3) of the needles were
analyzed. The water content was determined as follows: [(wet
weight - dry weight) / wet weight]. The pH of the humus soil
samples was determined. A small scale mapping of epiphytic
lichens was carried out in the area. The number of species and
the general frequency of lichens is considered to indicate the
effects of the air quality, because they take their nutrients
straight from rain water (Réf. 1).

Secondly, the reflection of needles was studied more accurately
in the autumn of 1991 with a PS H-speclrometer. In this
preliminary study, the reflection measurements were made in
the field near the highway simultaneously with the
concentration measurements for nitrogen oxides, ozone and
sulphur dioxide. Reflection was also measured in a background
area about IO km north from the highway at sites representing
different damage classes. The spectrometer was calibrated using
a standard barium sulphate plate. The measurements were made
from a single needle at a distance of about five centimetres.
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3. RESULTS

Pholographv

According to (he field images the infrared reflection of the pine
needles was reduced statistically significantly (Spearman
correlation test, r = -0,85) when approaching the highway
(Figure 1 ), although visually the condition of the trees remained
at the same level, i.e. moderate damage. Field and macro scale
images indicated the not-wintered needle year class to reflect
always at least as much infrared radiation as the wintered one (n
= 24). According to the microscope images of cross sections,
cuticle and mesophyll cell walls absorbed IR radiation.

Table 1. Results of the air quality measurements 19.6. -
22.8.1990 near the highway. The average concentration per
month [ug/m3] is calculated from the hourly concentrations.
NO, is the concentration of nitrogen oxides calculated as NO2,
i.e. nitrogen dioxide. O, = ozone, SO2 = sulphur dioxide. Max
= maximum hourly concentration, min = minimum hourly
concentration. N = number of acceptable measurement hours.

O3 SO2 NO, NO2 NO

Average
Standard deviation
Max
Min
N

55,0
28,9
152,6
0,2
1318

9,1
3,3
42,9
0,0
1318

20,3
29,0
383,4
6,2
1318

10,1
9,2
67,7
2,1
1318

6,9
15,7
243,3
1,4
1318

Table 2. Factors effecting the reflection of Scots pine (Pinus
sylvestris L.).

1. Ratio of wintered / not-wintered needles
(also related to the season and to the actual
development stage of the newest needle year)

2. Cuticular microtopography of the leaves

3. Particles on the surface, e.g.
3a. the amount
3b. different sizes
3c. scattering and absorption properties
3d. spatial organisation

4. Damage mechanism

5. Ratio of visual / pre-visual damages

6. Architecture of the tree, e.g.
6a. winding of a needle
6b. paired leaves
6c. axillarity of the needles growing on long shoots

7. Chemical structure, e.g.
7a. needle composition
7b. macromolecules

X . :,\ >•/
££*•••'^f

,_« I

— • — red

- •*- - f(road)

• - •• - «(shelter)

-250 -150 -50 50 150 250
Distance from the highway [m]

Figure 1. The average reflection of Ihe needles based on the
B&W infrared photography, the needle content of water for the
second needle year class and the average frequency of epiphytic
lichens growing at road side and shelter side at different
distances from the highway. X-axis = the distance to the
highway. The values of reflection (1/x) are based on the visual
interpreting according to Kodak Standard Gray Scale 0-19.

The concentration of ozone (maximum concentration 153
(jg/mVh, Table 1) in the air can possibly cause the observed
total disappearance of the stomatal wax layer (see e.g. Réf. 4).
Also the monthly average concentrations of sulphur dioxide
(maximum concentration 43 ug/mVh) and nitrogen oxides
(maximum concentration 383 ug/mVh) were higher than those
observed at the backgound stations of Finnish Meteorological
Institute.

The mapping of epiphytic lichens indicated the improvment of
air quality after the distance of 250 m from the highway (Dn,

samples2 '"). Also the amorfiation of the needle wax structure
increased when approaching the highway (naomua cxamined = 80).
The pH of humus soil (n = !O) was higher close to the highway
(4<pH<5) than further from it (pH<4).

The water content was statistically significantly higher in the
newest needle year class than in 1989 needles (Willcoxon
paired two sided test). The water content of 1989 needles was
reduced (5 % statistical significanse, Kendall correlation test)
when approaching the highway (Figure 1). The a- and b-
chlorophyll and carotenoids concentrations were most often
higher in the wintered needle year class. The nitrogen contents
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were normal, i.e. 1,5 r'r of dry matter. The analytical results of
needle contents (n lu, = 94) did not correlate with the reflection
values.

3 2 Spectrometer measurements

When measuring the reflection of pine needles with a
spectrometer, the not-wintered needle year class was found to
reflect more than the wintered one (Figure 4).

The damage increase, based on visual classification in the
background area, meant decrease in the reflection of the near
mirurcd region, based on the explorative stage of the data
analysis. The actual data analysis based on Positive Matrix
Factorization according to Docem P. Paatero (University of
Helsinki, Department of Physics) is under work. The results
wil l be presented later, at the Conference on Environmetrics in
Finland in August 1992. The method of data analysis is based
on the following: one measurement is assumed to produce one
column vector of numbers. Together, the measurements
produce a matrix A, which can be represented as linear
combinations of some possibly unknown basis vector plus
noise. The SVD of the matrix is then used to analyze the
contentents of the matrix: the amount of noise-like
experimental error is revealed and the presence or non-presence
of distortions from the ideal situation is quantitively estimated.

4. DISCUSSION

Two types of differences in the reflection of needles in traffic
environment were observed in this work:

1 ) The not-wintered needle year class reflected more or as
much IR radiation as the wintered one when measured

or photographed. The photographic results showed that the
water content changed similarly to and the chlorophyll
and carolenoid concentrations contrary to reflection.

2) The photographed IR reflection of needles was reduced
when approaching the highway, although the condition
of the trees, based on visual estimation, was the same.
Also the water content in needles, the condition of the
needle epicuticular wax, the acidity of humus soil and
the diversity of lichens reduced near the highway.

The characteristics of reflection in needles can therefore be
affected, among others, by the ratio of winlered/not-winlered
needles. It can also be affected by the ratio of visual/pre-visual
damages, because of the possible effects of both of these
damage types on the reflection.

Different damage mechanisms are due to e.g. differences in air
quality, which makes the knowledge of the atmospheric

;""§î  '^^^^^^ÊS^^^^ji^^

Figure 3. Cuticular microtopography of a Scots pine leaf. Rayleigh sized wax particles of varying lengths, diameters of appr. 100 -
1000 nm. The surface collects also air pollutant particles, containing e.g. lead, soot and sulphate. The shape of these particles is often
symmetric.



concentrations of major importance. The air quality has also
influence on the condition of epicuticular wax structure and
panicles absorbed, which, on the other hand, can affect the
reflection properties. In this case, the effects come via cuticular
microtopography as well as via the spatial organisation and
scattering and absorption properties of the particles (Table 2,
Figures 2 and 3).

The not-wintered needles were observed to reflect more IR
radiation than the wintered ones (Figure 4). This was obvious
both from photographing and spectrometer measurements. It
can, on the biological basis, be due to e.g. changes in wintering,
activity of physiology, difference in needle contents or the
amount of stress factors.

The study developed a better understanding of the nature of the
reflection of conifers. It made also the basis for the use of
remote sensing, which is the next stage for this step by step
approach.

Figure 2. Scots pine needles examined with scanning electron
microscope. The needles grow winding and paired. Together
they form a nonhomogenous group because of orientation to all
directions and the amounts of needles of different ages.
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Figure 4. The average reflection of the first and second needle
year classes in background area classified by the visual damages
occuring: 1. no visual damage, 2. moderate damage, 3. obvious
damage. The chosen wavelength area 750 - 840 nm corresponds
to the maximum sensitivity wavelengths of Kodak High Speed
Infrared film.
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SCALE DEPENDENCE IN THE REFLECTANCE OF DECIDUOUS WOODLAND:
EVIDENCE FROM A HELICOPTER-MOUNTED SPECTRORADIOMETER

G.A. Blackburn & E.J. Milton

Department of Geography, University of Southampton,
Southampton SO9 5NH, England.
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ABSTRACT

Spectral measurements were made from a helicopter at four
different altitudes for a range of types of deciduous
woodland. For semi-natural woodland, whilst visible
reflectance remained constant, near-infrared reflectance
decreased as the size of area being sensed by the
spectroradiometer increased. This raises important
implications for the remote sensing of complex vegetation
canopies.

Keywords: Field spectroscopy,
reflectance, deciduous woodland.

helicopter, spectral

1. INTRODUCTION

This paper presents the results of a field experiment in the
New Forest, Hampshire, U.K., designed as part of a larger
project to develop an empirically-based reflectance model
for deciduous woodland. The model aims to take account of
the high degree of spatial complexity (intimate mixtures of
tree canopy, shadow and understorey), and the temporal
dynamics (diurnal and seasonal change) uniquely associated
with this land cover type.

Strahler et al. (Réf. 1 ) describe the simplest components of
remotely sensed scenes as "scene-model elements...
abstractions of real objects in the scene that can be regarded
as having uniform properties or parameters". In deciduous
woodland, at the microscale, mixtures of scene elements
combine to produce tree canopies or gaps, whereas at the
mesoscale associations of canopies, gaps and clearings
combine to determine the remotely sensed signal. The
radiation environment within the canopy, and that presented
to a sensor is thus complex and scale dependent.

A wide variety of remotely sensed, and ground-based data
sets are being collected and analysed for the purposes of
this study, including multi-date imagery from the Compact
Airborne Spectrographic Imager (CASI) and from the SPOT
HRV instrument. The present paper describes one
experiment in which nadir reflectance measurements were
made over five types of deciduous woodland from four
different altitudes using a spectroradiometer supported by
a helicopter hovering above the canopy.

2. HELICOPTER SPECTROSCOPY

Helicopters have a three-dimensional manoeuvrability and
hovering capability which makes them ideal platforms from
which to support spectroradiometers when making
reflectance measurements of tall vegetation such as
woodland and of targets in remote areas. Helicopter
spectroscopy was first used by Bauer et «/.(Réf. 2) as part of
the LACIE field experiment in which a modified Skylab S-
191 spectrometer was used from a helicopter to make
measurements of crop canopies along flight lines at 60m
altitude. Solar irradiance was estimated by measuring the
reflected radiance from white canvas panels, at regular time
intervals.

The potential of helicopter spectroscopy for making
measurements of forest canopies was investigated further by
Williams et «/.(Réf. 3). In this experiment spectral
measurements were made with two instruments, a Barnes
MMR and a Spectron SE590, which were mounted on a
frame beneath the fuselage. A good agreement was found
between the two when reflectance was averaged over the
same wavelength intervals. However, measurements of
irradiance were only made at the beginning and end of the
two hour experiment, by hovering over a reference canvas
at ground level. No attempt was made to quantify the effect
of the atmosphere on the signal measured at 3(H)m altitude.
Bsdhwar et a/.(Ref. 4) used a Barnes MMR in a similar
configuration to that of Williams et al., in order to
investigate the relationship between Thematic Mapper band
reflectance and leaf area index for stands of aspen.

The spectral reflectance of different types of freshwater ice
was recorded by Leshkevich (Réf. 5) using a PROBAR
radiometer sighted onto the target by means of a periscope
protruding through the doorway. Helicopter spectroscopy
provided an efficient means of collecting data from a wide
variety of ice types throughout the extensive Great Lakes.
Kleman (Réf. 6) improved on previous studies by using a
Spectrascan SPIOOO/S radiometer with an upwards pointing
cosine-corrected receptor mounted outside the helicopter, as
well as a downwards pointing target receptor, in order to
make simultaneous measurements of irradiance and forest
canopy radiance.

A hand-held radiometer was used from a helicopter by
Kimes et a/.(Ref. 7) to measure the directional reflectance
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\ properties of forest canopies. The bidirectional reflectance
factor was determined using data collected at a variety of
sensor azimuth and zenith angles, and irradiance was
estimated by measurement of a barium sulphate reference
panel.

The sensor array and experimental methodology used in the
present study were designed by taking into account the
relative merits and operational problems of these previous
studies. In addition, a short feasibility flight was undertaken
in order to establish the practical difficulties of operating a
spectroradiometer from an unmodified helicopter, and to
assess the precision and accuracy of reflectance data
measured in this way (Réf. 8).

3. METHODS

3.1 Sensor Array

A Spectron Engineering SE590 spectroradiometer, from the
U.K. Natural Environment Research Council Equipment
Pool for Field Spectroscopy, served as the principal sensor.
For this experiment the SE590 was used with two sensor
heads, one to measure solar irradiance, the other for target
radiance. The upwards pointing sensor head was fitted with
a cosine-corrected receptor and attached to a bracket
mounted above the cabin which afforded a clear view of a
complete hemisphere, obstructed only by the rotor blade
assembly. During the feasibility flight simultaneous
measurements of irradiance were made with the helicopter-
mounted instrument and an identical ground-based SE590.
The results were used to investigate the effect of the rotor
assembly. It was found that, under overcast skies, the rotor
assembly had no measurable effect on the data collected.
Later work under clear skies found that the
spectroradiometer measuring irradiance from the helicopter
systematically underestimated the true value, inferred from
the ground measurements, by approximately 2%.

The SE590 target head was fitted with a nominal 1° field-of-
view lens, and this, together with a 35mm camera and
videocamera, was mounted at the end of a support bar
which rested across the lap of the rear port-side passenger.
The adjacent rear door of the helicopter was taken off
completely so that the instruments could view the target
through the gap between the cabin body and the landing
skid. Two digital inclinometers were mounted perpendicular
to each other on the support bar, alongside a television
monitor which was linked to the videocamera. The SE590
control unit and a data logger connected to the
inclinometers were held on the lap of the second rear
passenger.

3.2 Experimental Procedure

The experiment took place between 11:00 and 13:00 GMT,
around solar noon, the optimum time of day for field
spectroscopy. At the start of the flight the videocamera was
set to record throughout the experiment. The front
passenger informed the helicopter pilot of the rough
location of each site, and when the site came within the
field-of-view of the videocamera the rear port-side
passenger used the monitor to assess the position of the
helicopter more accurately. At each of the four altitudes in
succession, scans were made with the SE590 over each of
five woodland sites at Frame Wood, New Forest,
Hampshire, U.K.. Table 1 shows the size of the area sensed

by the target head, and the number of scans made, at each
altitude. With each SE590 scan, a simultaneous log of the
inclinometer readings was made, a signal was recorded on
the audio track of the video, and a photograph taken with
the 35mm camera. Measurements of irradiance were made
before and after each set of five target scans, which took
around 30 seconds to perform.

Table 1.

Altitude
(m)

760
550
300
150

Nominal area
sensed by
SE590 (m)

33x27
24 x 19
13 x 11
7 x 5

Number of
scans

5
5
5
8

Soon after the data collection over the principal
experimental site in deciduous woodland, measurements
were made from the same four altitudes over an extensive
area of grass at Thruxton airfield in north Hampshire. The
reflectance properties of the grass were then measured using
the SE590 at ground level, using a large number of sample
points over the entire area. The effect of the atmosphere
could then be quantified by comparing the ground spectra
with those from the helicopter.

The reflectance properties of scene elements (bracken,
grass/litter, oak and beech leaves) in Frame Wood were
estimated from a sample of ground spectra collected two
days after the flight. Hemispherical photographs were taken
looking upwards from beneath the tree canopy in order to
determine the percentage cover at each site, giving some
indication of the differences in canopy structure.

4. RESULTS

Scans made from the helicopter which were off-target were
identified by examining the video footage, and were omitted
from further analysis. Likewise, by inspecting the
inclinometer data associated with each scan, those
measurements made at an angle greater than 5° off-nadir
were eliminated. The remaining target spectra were then
processed to percentage reflectance, in each case using the
irradiance spectrum taken closest in time to the target
spectrum. The mean spectrum for each site was calculated
for each altitude in turn.

Figure 1 shows the mean spectrum at each altitude for (a)
site A, a semi-natural oak woodland and (b) site E, an oak
plantation. These sites differ markedly in canopy
composition and tree density. Site A is a well established
pasture woodland with a discontinuous tree canopy
dominated by oak, with beech subdominant. Gaps in the
tree canopy have allowed the development of a dense
bracken understorey. Site E has a dense oak canopy due to
the close planting, and this has prevented the development
of an understorey layer, only a litter-covered floor exists.

The spectra illustrate that for both sites, average reflectance
in the visible wavelengths varies little with altitude. One
would expect this to be the case throughout the whole of
the spectrum. However, in the near-infrared significant
variation does occur, and this appears to be in systematic
way. For site A, as the measurement altitude increases (i.e.
as the size of the area sensed increases) then near-infrared
reflectance decreases, tliis occurs to a lesser extent in site E.

V. I
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Fig. 1: The mean spectrum at each altitude for (a) site A,
a semi-natural oak woodland, and (b) site E, an oak
plantation.

For site A, the observed variation in mean near-infrared
reflectance with area sensed exceeds the uncertainty
associated with the measurements, as represented by the
standard deviation. In contrast, spectra from site E fall
within the error envelope. This implies that at least part of
the variation in multi-altitude spectra from site A is due to
either the nature of the target surface, or some systematic
bias in the way in which it was sampled as altitude changed.
Although there will be some influence due to the
atmosphere, this would be expected to be similar for sites A
and E because they were very close together and sampled
in quick succession.

The influence of the atmosphere upon data measured from
the helicopter may be seen by comparing spectra from the
area of uniform mown grass at different altitudes. These are
shown in figure 2 and indicate that significant variations in
mean reflectance with altitude occur in the near-infrared
especially. Most effect is observed around the oxygen
absorption band at 762nm (Réf. 9) and those due to water
vapour at 82« and 920nm (Réf. 10). There is some
depression of the reflectance in the wavelength region
between the absorption bands due to broadening of the
wings of the features, but this is much less than the

reduction in the absolute reflectance observed from the
semi-natural woodland in these wavelengths. This result, and
the fact that the two woodland sites were very close to each
other, suggests that the atmosphere was not the primary
cause of the systematic variation observed in the semi-
natural woodland spectra with altitude.
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Fig. 2: The spectral reflectance of grass at Thruxton airfield
measured at ground level and from the four helicopter
altitudes.

The problem remains to explain the observed systematic
decrease in near-infrared reflectance with area sampled.
Why should the average spectral reflectance measured by 8
randomly located IFOVs of size 5 x 7 metres be any
different from that measured by 5 randomly located IFOVs
of size 33 x 27 metres, if the surface sensed is laterally
extensive and uniformly variable? Clearly, one possibility is
that all the spatial variation in reflectance was not
adequately captured by 5-8 sample areas at each altitude,
but the systematic nature of the change in mean reflectance
with altitude suggests that this is not the case. Practical
considerations meant that larger sample sizes could not be
obtained from the helicopter, although this clearly would
have been desirable.

Further work on the interesting problem of using scale
dependence to extract ecological information, and mitigating
against sampling bias in spatially variable woodland
canopies, will use imagery collected with a CASI. This data
will provide the spatial context for point measurements such
as those described here.

5. CONCLUSIONS

The results of the present experiment are summarised in
figure 3. which shows the proportionate change in near-
infrared reflectance as a function of area sensed, for each
of the woodland canopies measured. This illustrates that the
plantation woodlands can be separated from the semi-
natural woodlands on the basis of their differing scale
dependence, and the pixel sizes required to do this fall
within the range achievable using current airborne and
satellite sensors.

The results suggest that for canopies with a simple structure.

V t-
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Fig. 3: Proportionate change in mean reflectance as a
function of area sensed, for the 84(t-890nm waveband which
is unaffected by atmospheric interactions.

where a relatively uniform surface is presented to a remote
sensor, as is the case with the grass field, the size of the
area from which radiance is recorded does not affect the
spectral signal. With a more complex canopy, as found in
deciduous plantations, the spectral properties start to
become scale dependent. Finally, in the case of a very
complex vegetation canopy like the semi-natural oak
woodland, this scale dependence is very significant.

In remotely sensed imagery from different sensors, and from
the same sensor at different altitudes, the area covered by
a pixel varies. Therefore, as a result of the scale dependence
identified in this experiment, the remotely sensed signal
recorded from the same area of deciduous woodland will be
different in the images from these different sources. This
may impose limitations on the use of such data both in
terms of the information from broadband analysis (e.g.
estimating LAI) and from specific spectral features such as
the red edge (e.g. monitoring stress).
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OPERATIONAL USE OF MOMS-02 (P2) DATA

K. Barwinski, W. Kickbusch

Surveying and Mapping Agency of
Northrhme-Westfalia, Bonn-Bad Godesberg

A B S T R A C T

Results of Remote Sensing gain more and
more in s i g n i f i c a n c e . Not only scientific
disciplines but also administrative autho-
r i t i e s are interested in usinq them w i t h i n
their runninq programs. They are convinced
that on t h i s way some of their tasks can be
solved much more efficient than p r a c t i c i n g
c o n v e n t i o n a l methods further on. Scute a dmi-
n i s t r a t i v e a u t h o r i t i e s - for example the
Federal Agency for Hydro/Geology - have
a l r e a d y made their first experiences by
u s i n g LANDSAT or SPOT data.

T h i s presentation w i l l show the f i e l d of
olanned a c t i v i t i e s with regard to the
expected MOMS-02 (P2) data.

MOMS-02 w i l l be the first system for simul-
taneous data acquisition of stereo and
multispectral information, a fact which
w i l l improve the possibilities or interpre-
tation. It win be the most progressive
instrument relating to the demands of Earth
Observation.

Regarding these main characteristics and
the resulting possibilities, initiated by
the German Space Agency DARA, several onco-
ming users have declared their intentions
referring to the operational use in a so
called utilization study. The -following
explanations give a glimpse of the content
in that form that the authorities which
took part at elaborating the study and
their main aims they want to reach by using
MOMS-02 (P2) data are mentioned.

V»""

1 1. MOMS-02 (P2) - CHARACTERISTICAL DATA

In 1995 the Modular Optoelectronic M u l t i -
spectral Scanner (MOMS-02) w i l l be instal-
led on Priroda, a multi-sensor and m u l t i -
d i s c i p l i n a r y research platform coupled to
the space station MIR of the 6.U.S. The
m i s s i o n is scheduled to last about 1,5
years. It w i l l be a preoperational mission,
preparing the operational use of data.

Considering an orbit altitude of 350 to
400 km and an orbit i n c l i n a t i o n of 51,6°
some rorjions of Germany and Europe w i l l be
covered completely. MOMS-02 w i l l be equip-
ped w i t h :
- 1 spectral channels in the v i s i b l e and

near infrared ranqe of the electromagne-
tic spectrum, optimized for veqetation
and absorption bands of minerals.

- 3 panchromatic stereo channels, which for
the first time enable to receive stereo
data in track.

It must be emphasized the high resolution
of about 16 m referring to the multispec-
tral channels and 5,3 to 6,1 m referring to
tho vertical looking stereo channel.

2. ONCOMING USERS AND PLANNED ACTIVITIES

Surveying and Happing Administrations of
Germany
The Surveying and Mapping Administrations
among others have to give information about
the topographic state of earth's surface.
In the past this task had been done by
producing topographic maps or photomaps at
the scale of 1:5000 or smaller. But mean-
w h i l e the users of maps begin to solve
their problems in d i g i t a l way and require
topographic information in d i g i t a l form
too. That had been the reason why the
agencies for surveying and mapping began to
b u i l d up ATKIS, an Authoritative Topogra-
phic-Cartographic Information System. In a
first step ATKlS will be a digital land
model, a data base which nearly contents
all the information of the analogeous
topographic map at the scale of 1:25 000.

It is proposed to use MOMS-02 (P2) data
for:
- updating ATKIS,
- producing space maps at the scale of

1:25 000,
- discovering changes in landuse and land-

cover for cadastral purposes.

Military Geo-Service
T h e M i l i t a r y Geo-Service is also busy in
b u i l d i n g up a Topographic Information
System (TOPIS). ATKIS data s h a l l be adopted

V I
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t h P h a s i c d a t a of TOPIS and s h a l l be
.rMoit t'y i n f o r m a t i o n w h i c h are i m p o r t a n t
1 > r m i l i t a r y demands. Consequently M i l i t a r y
G^-'-Serv i ce i s a l s o interested i n u s i n n
MOMS-02 (P2) d a t a for u p d a t i n g t h i s I n f o r -
m a t i o n System in cooperation w i t h the aqen-
c i e s for s u r v e y i n g and m a p p i n g .

[?.!i?rjL Agency for Statistics and I n s t i t u t e
f_or "âp'pHed "Geodesy
Thp'Fe d e r a l Agency for S t a t i s t i c s p l a n s tc
b u i l d u p a S t a t i s t i c a l Landuse I n f o r m a t i o n
System (STABIS). T h e m a t i c maps s h o w i n g the
e x i s t i n g state of l a n d c o v e r and l a n d u s e
s h a l l be produced. It i s p l a nned to use
MOMS-02 (P2) data in order to reduce the
costs f o r d a t a a c q u i s i t i o n in c o m p a r i s o n
w i t h c o n v p n t i o n a l methods and to shorten
the data c o l l e c t i o n oeriod on one year for
the w h o l e area of Germany.

State M i n i s t r y for Env i ronment of Baden-
Wurttemberq
IrT " Y h T s c o n t r i b u t i o n to the u t i l i z a t i o n
s t u d y the State M i n i s t r y for E n v i r o n m e n t of
B a d p n - W u r t t e m b e r g , one of the 16 c o u n t r i e s
of Germany, shows that since 1987 an E n v i -
ronment I n f o r m a t i o n System ( U l S ) w i l l b e
r u a l i / e d step by step. MOMS-02 (P2) data
s h a l l be used for f o l l o w i n g tasks:
- D e t e r m i n a t i o n and m o n i t o r i n g of landuse

in water and nature reserves.
- D e t e r m i n a t i o n of general landcover as a

f i r s t parameter for different models
referring to the water d r a i n , s o i l ero-
s i o n and p o l l u t a n t extension.

- D e t e r m i n a t i o n of the extent of vegetation
w i t h i n areas of settlement.

- D e t e r m i n a t i o n and monitoring of areas for
e x p l o i t a t i o n .

It i s r e m a r k a b l e that MOMS-02 (P2) data
s h a l l be used for creating or updating so
much Information Systems. But that is a
s i g n of today and an important task of the
future. P o l i t i c i a n s , planners and even
c i v i l i a n s a r e interested in t o p i c a l infor-
m a t i o n referring the state of earth's sur-
face and the environment.

- M o n i t o r i n g of the u r b a n i z a t i o n .

F e d e r a l Agency for Hydro/Geology
The Kederal Agency
o f a l l w i l l u s e

for Hydro/Geology f i r s t
MOMS-02 (P2) data for

w i n n i n g D i g i t a l T e r r a i n Models (DTM) refer-
r i n g to several regions of interest. Such
DTM are indeed a v a i l a b l e from the agencies
for s u r v e y i n g and m a p p i n g but the q u a n t i t y
of d a t a i s too large for the c a p a c i t y of
the e x i s t i n g computers. The agency expects
a rougher but much more p r a c t i c a b l e s u f f i -
c i ent DTM. Further on it i s planned to g a i n
i n f o r m a t i o n about ground moisture and the
k i n d of l a n d u s e w i t h a s u i t a b l e rate of
repet 1 1 1 on .

In a d d i t i o n to these i n t e n t i o n s MOMS-02
(P2) d a t a are perhaps u s e f u l c o n s i d e r i n g
c a l c u l a t i o n s of water s u p p l y and flood
d i s a s t e r warn i ngs .

German Agency for T e c h n i c a l C ooperation
The German Agency for T e c h n i c a l Cooperation
executes projects w i t h more than 100 deve-
l o p i n g c o u n t r i e s . The o p e r a t i o n a l use of
MOMS-02 (P2) d a t a m a y be very important for
some t o p i c a l and c o m i n g problems, such as:

Th i s agency
of Remote
tries.

h a s r e a l i z e d p r a c t i c i n g r e s u l t s
Sensing in more than 25 coun-

- P r o t e c t i o n
recources.

- M o n i t o r i n g

and management of the n a t u r a l

of the e n v i r o n m e n t .

Research Center for P r o d u c t i v i t y of Soil
Referring to the problems 5T agr i c u 1 t u r e
the Research Center for P r o d u c t i v i t y of
S o i l expects that by the use of MOMS-02
(P2) data some tasks can be acc o m p l i s h e d
better than e m p l o y i n g other results of
Remote Sensing. The f o l l o w i n g tasks are
mentioned :
- M a p p i n g s w i t h thematic content for a g r i -

culture and p o l l u t i o n control.
- Determination of the a g r i c u l t u r a l resour-

ces .
- R e g i s t r a t i o n of areas w i t h less or none

produce as a result of dryness or moi-
sture.

Important information as a base for
- estimations of p r o d u c t i v i t y ,
- p l a n n i n g s of eco-po 1 1 1 i c a 1 and a g r a r i a n

p o l i t i c a l a c t i o n s a n d
- controls of subsidized actions are awai-

ted.

Central Institute for Physics of Earth
The Central Institute for Physics of Earth
has elaborated two contributions to the
u t i l i z a t i o n study. One paper deals with the
problems of town-ecology, the other one
with those of forestry.

To v a l u e the q u a l i t y of l i f e in urban
regions the knowledge and v a l u a t i o n of many
complex conditions, l i k e q u a l i t y of dwel-
l i n g , q u a l i t y of recreation, working and
traffic conditions, conditions of s u p p l y i n g
and m i c r o c l i m a t e for example, are neces-
sary. It is expected that by use of MOMS-02
(P2) data the most important e c o l o g i c a l
factors, l i k e information about the b u i l d -
up and wooded areas, about areas of water
and parks just as information about land-
use, can be listed profitable referring to
the rate of time and costs.

The wellknown conventional methods to con-
trol and to analyze the vitali.ty and damage
of wooded areas are not undisputed. There-
fore w i t h i n the scope of a pilotproject and
by use of MOMS-02 (P2) data combined with
other results of Remote Sensing a practi-
cable and c o n v i n c i n g procedure s h a l l be
developped. The intention is to find a
procedure, w h i c h undoubtly a l l o w s to recog-
nize the damage of wooded areas, their f l a t
d i s t r i b u t i o n and their temporal changes.

3. CONCLUSIONS

Summing up, a lot of different a c t i v i t i e s
p l a n n e d w i t h regard to t o p o g r a p h i c a l , geo-
g r a p h i c a l and t h e m a t i c scopes of d u t i e s are
mentioned. The u t i l i z a t i o n study contents
a l s o e x p l a n a t i o n s about the c o n v e n t i o n a l
methods exercised at the moment and about
the pi1 o t p r o j e c t s w h i c h are planned. The
p a r t l y h i g h demands w h i c h are made on the
data referring to the frequency of their
p r e p a r a t i o n and t h e i r geometric accuracy
are mentioned too. These requirements
differ but all oncoming users share the
same o p i n i o n that they are interested i n
u s i n g these data, t h a t the access t i m e to
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:
the data must be short, uncomplicated and
sure, that the d a t a must be a v a i l a b l e for a
long t i me and not o n l y for one short
m i s s i o n .

Only a few of the oncoming users mentioned
above have a l r e a d y made experiences in
u s i n g Remote Sensing data so that d e f i c i t s
c o n s i s t regarding the personal, hard- and
software s i t u a t i o n . But we are sure, that
these d i f f i c u l t i e s w i l l be solved and that
procedures using such data w i l l become
routine in future. We hope that t h i s report
on the content of the u t i l i z a t i o n study
w i l l contribute to recognize the importance
of the theme "Earth Observation" w i t h i n the
frame of a l l other "Space A c t i v i t i e s " .

1
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HIGH RESOLUTION STEREO IMAGING AND DATA COMPRESSION
( Invited Paper )

Riichi Nagura

NEC Corporation Space Development Division
4035 Ikebe-cho, Midori-ku, Yokohama, 226 Japan

\

ABSTRACT
This paper reports on the studies
undertaken for the forthcoming high
resolution and stereo imaging system. The
paper investigates typical stereo imaging
systems, and shows an effective stereo
imaging method using wide-angle optics
and precise CCD.
Concerning the rapid increase of data rates,
this paper shows some new data reduction
methods with high quality images. As a
result of this study, the paper presents
some forthcoming compact stereo imaging
systems with the highest resolution of 2-4
m.

Key words : high resolution, stereo
imaging, data compression, precise CCD,
wide-angle optics.

1. INTRODUCTION
The importance of monitoring the earth
environment is now rapidly increasing.
Particularly, the requirement for high
resolution systems is increasing
remarkably. This also includes high
resolution stereo imaging. The high
accuracy stereo imaging system is useful
for acquiring correct topographic
information of the earth's surface, and is
also useful for disaster monitoring etc..
Landsat(U.S.A.), SPOT(France) and the

Japanese MOS-I and MOS-Ib are now
successfully in operation and providing
many kinds of high resolution images.
This February 11, Japanese ERS-I was
successfully launched and now OPS of
JERS-I has begun to send fine stereo
images for testing.
Recently, many plans for high resolution
systems have been reported. That is, next
HRV for SPOT, ASTER for EOS-A,
Stereo sensor for LANDSAT 7, OMI for
ESA-POP, and MOMS-02 etc.. All these
systems are high resolution and provide
along-track stereo imaging system.
In the development of high resolution
system, many kinds of techniques have
progressed in this decade, notably the
development of multi-element CCD for
optical imaging devices.
For example, NEC corporation developed
a 2048 element CCD with 14|im pitch size
for MESSR of MOS-I and MOS-Ib under
the guidance of NASDA. For OPS of
JERS-I, NEC has developed a 4096
element CCD with 7 |im pitch size under
the guidance of MITI and JAROS. This is
the finest pitch size CCD for space use in
the world.
Precise CCD is essentially effective for
minimizing the telescope length in high
resolution systems. Now we are
developing new CCDs for the next
program and near future programs.

Proceedings o> the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
IESA SP-341 July 1992)
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2. STEREO IMAGING
HRV for SPOT is the first system taking
high resolution stereo images. This system
takes stereo images from different orbits as
shown in Figure 1. In this method,
weather and seasonal conditions are
different between the stereo image pair.
Another stereo imaging system from space
is the method of along-track imaging as
shown in Figure 2. In this method, the
time difference between the stereo image
pair is within 1 minute or so. Usually, it
is necessary to install 2 or 3 telescopes in
the satellite for taking stereo images
simultaneously. This increases weight and
size.
To solve this problem, we suggested the
technique using only one telescope
imaging system for taking the stereo image
pair as shown in Figure 3. Precise multi-
element CCD sensors are arranged parallel
in the large focal plane of the wide-angle
optics(Ref. 1). The OPS for JERS-I
adopted this technique and realized
compact stereo imaging system.

For realizing this technique, it is necessary
to develop wide-angle optics.
NEC had developed aspherical optics for
this use under the guidance of NASDA,
MITI and JAROS. Actually, the OPS
adopted fore and nadir imaging for taking
the stereo image pair as shown in Figure 4,
because the nadir imaging was necessary to
meet the SWIR nadir imaging.

CCD

Figure 2. Along-track stereo imaging

Figure 1. Stereo imaging from different
orbits

Figure 3. Stereo imaging with single
telescope (a)

V . \
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V °/CD FORWARD IMAGING CCD

FOCAL PLANE OF
OPTICAL SYSTEM

Figure 4. Stereo imaging with single
telescope (b)

3. DATA COMPRESSION OF STEREO
IMAGING DATA
Accompanying the development of high
resolution systems, the data rates are
rapidly increasing. It is necessary to
decrease the data rate not only because of
the limitation of the transmitting hardware
but also for the effective use of the
transmission band width. There are
various kinds of image data compression
techniques for ground system use.

A. Classification by redundancy reduction
(1) Transform coding
• Hadamard transform
• Fourier transform
• K-L transform
• Slant transform
• Discrete cosine transform
• Vector transform

(2) Predictive coding
• AM
• DPCM
• Adaptive DPCM

B. Classification by correlation range
• Previous value predictive coding
• Inter-line predictive coding
• Run length coding
• Block coding
• Inter-frame coding

Ordinary image data compression systems
allow some errors unnoticeable to human
eyes. For example, a ground transmission
system can use the discrete cosine
transform system, and accomplish a large
grade data compression ratio.
For remote sensing use it is necessary to
maintain a high quality image. On the
other hand, the limits on power
consumption and weight of hardware are
very severe for satellite use.
DPCM method is suitable for satellite use
because of its simplicity. HRV for SPOT
uses this DPCM method. However, simple
DPCM does not achieve a large grade
compression ratio. DPCM has also the
problem of over slope load. One method
suitable for the earth observation system is
to combine adaptive DPCM and run length
coding. This method is especially useful in
the case where sea region is included.
A more intelligent method is to use the
information of forward imaging data. The
signal processor can be set to optimum
mode by using this forward imaging
information (Réf. 1). As concerns the
stereo imaging data, it would be effective
for data reduction by using large
correlation between the stereo imaging
pair. This method is essentially useful in
along-track stereo imaging. The utilizing of
level difference between the stereo image
pair is effective for reduction of the stereo
imaging data(Ref. 2).

% .
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Figure 5. Block diagram of stereo data compression

Another intelligent method is to use the
time difference between the same signal
level of the stereo image pair. An example
block diagram is shown in Figure 5. The
time difference between the same signal
level of the original signal pair is detected
in the time difference detection unit in
Figure 5. In the receiving section, the
time difference signal and one original
signal are combined and another original
signal is recovered at the time shift
recovery unit.
The results of simulation analysis are
shown in Figure 6(a) and 6(b). "Sl" and
"S2" in Figure 6(a) show the original
stereo pair data, and "dt" shows the time
difference signal. The time difference
signal is sufficiently small. Recovered
signal "S2rl" shown in Figure 6(b) is
almost equal to the other original signal
"S2".
The complete original signal can be
recovered by transmitting small residual
signal "dS".

(a) Original signal "Sl", "S2" and time
difference signal "dt"

.«__»..«_.«<

(b) Recovery signal "S2rl" and residual
signal "dS"
Figure 6. Example Output of Data
Compression
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4. FORTHCOMING SYSTEM
Considering the development of hardware
and also the increasing expectations for
earth observation systems, the forthcoming
system should be higher resolution and be
a multi-band color stereo imaging system.
From the above-mentioned studies,
forthcoming systems shown in Table 1 are
realizable in the next few years.
Forthcoming system A is more achievable
and can be developed from now on.
Forthcoming system B is a more attractive
system. We have already reported this
system as "Super VNIR"(Ref. 3). Both
systems provide the above-mentioned
intelligent data compression system and
multi-band color stereo imaging system. In
the forthcoming system, imaging area
selection from a wide region has an
attractive performance. For actual use, the
development of quick pointing is
important.

Electrical high speed pointing is achievable
by developing further wide-angle optics
and a large focal plane(Ref. 2). For
intelligent imaging it is essential to install
a high speed on-board computer with a
large memory as illustrated in Figure 7.

5. CONCLUSION
The above-mentioned study concludes
realizable forthcoming high resolution
system with the highest resolution of 2-4
m. For realizing a compact stereo imaging
system, it is important to develop further
wide-angle optics. Several intelligent data
compression methods have been studied
and analyzed. Though there are some
restrictions, that is, power consumption or
large high speed memory, simulation
analysis has shown high quality results.
Probably, the forthcoming systems shown
in this paper will appear in the next few
years.

Table 1. Major Performance of Forthcoming Optical Sensor System

Ground Resolution(m)

Number of
Observation Bands

Stereo Imaging
Base Height Ratio

Main Features

Forthcoming System A

VNIR

4-8

4-8

0.6-1

SWIR

12-20

6-8

TIR

50-80

5-6

•High Resolution
•Multi-band Stereo Image
•Mode Selection
•Imaging Area Selection
•High Grade Data
Compression

Forthcoming System B

VNIR

2-4

6-10

Variable

SWIR

8-15

6-10

TIR

30-60

6-8

•Super High Resolution
•Multi-band Stereo Image
•Imaging Area Selection
•Variable Base Height
Ratio

•Intelligent Adaptive
Imaging

•On-Board Computer
Processing

v . V
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Forward Imaging
(Wide Region)

Figure 7. Schematic image of forthcoming system
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Abstract

An assessment of the influence due
to antenna pattern changes in brightness
temperature estimation taking into
account antenna pattern correction. for
a space-based microwave radiometer has
been conducted. Boresight direction,
asymmetry of the antenna pattern. in
general, are changed in space due to
thermal stress, mechanical stress or
vibrations, and so forth. In order to
estimate brightness temperature of
targets. antenna pattern correction is
necessary. In such case, although an
accurate real antenna pattern is needed,
it is not possible in space. Therefore
some assessments of the influence due to
antenna pattern changes on brightness
temperature.

Simulated antenna pattern was
generated using actual antenna pattern
taking into account a realistic
distortions due to the aforementioned
defects. The results show the influence
for the case with antenna pattern
correction is greater than that for the
case without antenna pattern correction.
Also the results suggests a required
accuracy in antenna pattern measurement
and allowable noise.

1. Introduction
Many papers dealt with antenna

pattern correction have been
publ i shed (Réf. 1 - 6). In their paper, an
antenna pattern is assumed as stable
enough even in space. Boresight
direction. asymmetry of the antenna
pattern. however, are changed due to
thermal stress. mechanical stress or
vibrations, and so forth.

In order to estimate brightness
temperature of the targets. antenna
pattern correction is necessary. In such
case, although an accurate real antenna
pattern is required, it is not possible
in space. Further if errors and noises
are included in an antenna pattern
measurement. such a measured antenna
pattern is different from true pattern
results in estimation error in
brightness temperature calculations.
Therefore some assessments of the
influence due to antenna pattern changes

on brightness temperature are needed.
The following factors are considered.

(1) Antenna pattern shift
liorcsisht direction is shifted.

(2) Noise in antenna pattern
measurements
Random errors on antenna pattern
are taken into account.

(3) Gain/Offset errors on antenna
pattern
Linearized errors are considered.

First some theoretical backgrounds
on antenna pattern correction are
reviewed. Thoi some error factors of the
antenna pattern of interest arc also
introduced together with the realistic
values for the factors with error source
assessments. Finally the experimental
results with a realistic antenna pattern
are shown followed by a required
accuracy in antenna pattern
measurements.

2.Theoretical background
Received signal is convoluted with

antenna gain function G(X, y) (Antenna
Pattern), then converted to the

2
corresponding energy It (x.y)|. The

a
energy is corresponding to the antenna
temperature T (x,y) and is treated as a

a
power so that G(X, y), T (x, y) can be

a
assumed as a real function, does not
expressed as the following complex
function.

T (x.y) = |t (x.y)| (1)
a a
where x and y are azimuth and elevation
angles.

Brightness temperature T (xh/a. yh/a)
b

on the other hand. is expressed as
fol lows,

2
T (xh/a. yh/a) = It (xh/a. yh/a) I. (2)
b b

where h denotes satellite altitude. a is
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radius of the earth. Also let us assume
the fol lowing gain function.

2
G(x. y) = Ig(X. y) I (3)

If there are no error and no noise in
antenna pattern measurements, then the
antenna temperature is expressed as
fol lows.

t (x. y) = S S B(P. Q)
a

t { (X-P) h/a. <y-q)h/a} dp dq.
b

(4)

The brightness temperature can be
estimated by applying an inverse
function of the Fourier transformed of
the antenna pattern through applying
Fourier transformation to the above
equation with taking care of the
stability of the solution. It. in
general. is called as an "Antenna
Pattern Correction".

3. Theoretical assessment of influences
due to antenna pattern distortion

3. 1 Boresight direction shift
Let us assume that the boresitc

direction of the antenna pattern is
shifted in azimuth and elevation
direction as follows.

g'(x, y) = g(x+Ex. y+Ey). (5)

where Ex and Ey denote antenna boresight
shift in azimuth and elevation angles,
respectively. Equation (4) is expressed
as fol lows,
t (x. y) = J S 8(p+Ex. q+Ey)

t {(X-P)h/a, (y-q)h/aj dp dq. (6)
b

By applying Fourier transformation to
the above equation. the following
equation is obtained.

TT (u, v) = GG(U. v)exp(-j(uEx+vEy))
a

TT (uh/a. vh/a) (7)
b

Accordingly, Fourier transformation of
an estimated brightness temperature is
represented as the following equation.

TT <uh/a. vh/a) = TT (u. v)
b a

exp(j(uEx+vEy))/GG(u. v) (8)

Meanwhile if there is no such a shift,
then brightness temperature is
expressed as follows,

TT (uh/a. vh/a) = TT (u. v)/GG(u. v). (9)
b a

The difference between both brightness
temperature is

I^TTa(u.v)
IJ1JT _ exp[j

|2
V <y+Ey» ]dudv|

GG(U. v)
I TTa(U. v) 12

exp{j(ux+vy))dudvl (10)
GG(u. v)

Let us assume that brightness
temperature of the target of interest
has a value only at the center of the
defined region that is the boresite
direction, namely pin point target, then
the error ratio corresponding to the
above equation is

I I -1 GG(u. v) |2
I IF ( I (0-Ex. 0-Ey) I .
I I GG' (u, v) I

I -1 GG(u. v) |-2 I
IF f KO, O)I -11
I GG-(U. v) I I.

(11)

By considering the following band
constraint for convergence, an original
antenna pat tern(figure 1) is corrected
as shown in figure 2 results in error
ratio distribution under the
aforementioned assumptions as shown in
figure 3.

1 rf/GG(u. v) : l/GG(u. v) < 2. S
=13-0. 5exp{-l/GG(u.v)}

GG' (u. v) I : 2. 5<l/GG<u.v) (12)
Î  3 : l/GG(u. v)

O : otherwise

3. 2 Influence due to random error in
antenna pattern measurement

The antenna pattern including a
random noise in antenna pattern
measurements is assumed to be expressed
as follows.

g(x, y) (l+err(x, y)|

Antenna temperature is represented as
the following equation.

t (x. y) = ,P J* g(p. q) (l+err(p. Q))
a

t ((X-P) h/a. (y-q)h/a} dp dq. (14)
b

Fourier transformation of a brightness
temperature is

TT (uh/a. vh/a) = TT (u, v)/
b a

(GG(U, V)-KSG(U. v)*Err(u. v)}. (15)

Then the brightness temperature
difference between with and without
random error in antenna pattern
measurement is expressed as follows,

I TTa<u.v) exp(j(ux+vy)} du dv 12

I GG(u. v)+GG(u, v)*Err(u. v) |

I TTa(u. v) |2
-IJJ expU(ux-t-vy)) du dvl (16)

I GG(U. v) I

resulting in the following error ratio.

I I -1 Ta(u. v) |2
I IF < )(x.y)|
I I GG(u. v) +GG(U. v)*Err(u. v) I

I -1 Ta(u. v) 12 I
IF ( Kx.y)| - Il
I GG(u.v) I I.

(17)
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I.ct us assume thé pin point target at
the center of the boresight (0.0). and a
measurement error occurs in antenna
pattern measurements only at the
direction of angle Ex and Ey. then
Krr(u. v) can be expressed as follows.

Krr(u. v) = K explj (uEx+vEy)}. (18)

If 1 % of measurement error is occurred
at (1. 1) point of the antenna pattern,
error ratio is distributed as shown in
figure 4 after the antenna pattern
correction. If a random error in antenna
pattern measurement is to be considered,
error ratio distribution is estimated by
superimposing the error ratio
distributions in the directions under
considerations.

3. 3 Bias error in antenna pattern
measurements

The following bias error in antenna
pattern measurements is taken into
account.

g(x. y)<l+err) (19)

The error ratio on brightness
temperature is as follows,

Z
I 2 err + err I
I I (20)
I 2 I
Kl + err) I.

4. Concluding remarks
The method which allow us to assess

the influences due to antenna pattern
changes and error and noise in antenna
pattern measurements to the brightness
temperature estimation. was proposed.
The simulation study with realistic
antenna pattern shows the following
features.

(l)For the case that boresight direction
is shifted, error ratio depends on the
frequency components, the band width of
the targets of interest if an antenna

pattern correction is perfectly made it.
Namely in accordance with increasing
band width, error ratio increases.

(2)A random error occurs in antenna
pattern measurements, error ratio
depends on the shape of the antenna
pattern itself. It is obvious that the
influence for the case that a random
error occurs at the boresight direction
is greater than that for the case that a
random error occurs elsewhere. Further
it is also clarified that high frequency
components included in a random error is
enhanced after the antenna pattern
correction.

(3)The influence due to a bias error in
antenna pattern measurements is appeared
in the absolute value not in the
relative value.

The proposed method is applicable
for an assessment of the influences due
to antenna pattern changes in space
cased by thermal stress. mechanical
stress and so on. Also it was found that
the method allow us to determine a
required measurement accuracy in antenna
pattern measurements.

The next step will be an actual
assessment with actual antenna pattern.
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Fig.l Original relative antenna
pattern(0.25 deg. for 1 mesh)

Fig.2 Corrected antenna pattern
(Error ratio is 12% when the
measurement error of 0.01% in
terms of power at the center of
antenna pattern)

Fig.3 Error ratio distribution
when the boresite direction
is shifted and microwave
radiometer observes a pin
point target

(0% error ratio at the center of
antenna pattern, and rapidly
increases toward 100% when the
boresite direction is shifted)

Fig.4 Error racio distribution
when an ipeasurement error

is occurred at only one
direction and microwave
radiometer observes a pin
point target

(3% error ratio at the center
of anttena pattern in maximum)
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CONDENSATION ON COOLED SURFACES OF OPTICAL DEVICES AT THE COSMIC CONDITIONS

A. Drobyshev , R. Atchoh , N. Atapina , D. Garipogly , S. Maximov , V. Parfenov

Cryophysics Laboratory. Physical Department, Kazakh Stale University. Alma-Ata; Research & Production Association of Measuring
Instruments, Moscow

ABSTRACT

One of the peculiarities of the heat and mass transfer at cosmos
conditions is the process of gas condensation on surfaces cooled to low
temperatures, such as the cooled radiation detectors, the elements of
optical communication systems (photosensors, mirrors etc.). The solid
film condensing on them changes their optical characteristics. One of
the ways to study this phenomenon is the simulating of the space
conditions in land test installations (Réf. I ). We present the results of the
experimental study of solidified gas layers growth rate and of change of
some surfaces optical parameters al various temperaturesand pressures.
The main components of the cosmic apparatus atmosphere, such as
CO2, H2O etc., were investigated. The thickness of the films has been
grown up to 10-12 mm. The wavelength region, for which the results are
presented, extends from 400 to 8300 nm.

Keywords: cryodeposit, reflectance, refractive index, gas-solid
transition, condensation.

1. EXPERIMENTALPROCEDURE

1.1 Apparatus

The universal vacuum speclrophotomeler (UVS) (Ref.2) was
developed, made and installed in Cryophysics laboratory of Kazakh
Slate University tostudy the thermodynamicsof gas-solid transition and
the properties of cryocondensates. Apparatus is shown in Hg. 1,2.

15

Fig.l: Experimental installation. 1-light source, 2-spherical
mirror, 3-light beam, 4-mirror rotating engine, 5-rotated
mirror, 6-condensation surface, 7-vacuum chamber, 8-
vacuum channel, °-high vacuum pump, 10-absorption pump,
1 !-removable mi1 ror, 12-monochromator, 13-photosensor,
14-infrared spectrometer, 15,16-mass-speclrometers, 17,18-
inlets with the chamber block systems, 19-analizers linking
tube, 20-gas flow control system

The main parameters are as follows:
• gas phase pressure in the chamber: 10 -10 Pa;
• temperature of substratum surface: 16-200 K;
• wavelength region: 0.2 - 25.0 mm;
• incident and refractive angles: -90 - +90 degrees;

Vacuum chamber (fig. I - 7, fig.2-1 ) is stainless steel cylinder (420 mm
high and 430 mm diameter). It consists of the gas preparing system
(fig.I- 17,20), vacuum system (fig.l-8), gas analysis system (fig.l-
19) There is the cryostat (fig.2- 5) in the center of the chamber which
supplied with the appliance (is not shown on figures) for fastening a
sample (substratum) (fig.2- 6). The Micro-Cryogenic Machine (fig.2-
2) is use to bring heat away from the substratum (production 3 W at 16
K). To keep the necessary temperature there is the heating spiral in the
cryostat. To avoid the radial température distribution on the substratum
surface there is a protection ringaround ilwith the independent thermo-
stabilisation.

Fig.2: Vacuum chamber. 1-vacuum chamber,2-cryogenic
machine, 3-b'mary beam laser interferometer (fixed angles),
4-rotatable light conductors, 5-cryostat, 6-substratum

The temperature is controlled by platinum thermoresistors, which are
placed between the cryostat and the upper surface of the micro -
cryogenic machine and between the cryostat and the substratum. The
battery of copper-conslantan thermocouples is used to measure the flux
of heal. The temperature of the substratum is kept automatically.

To prepare the gas mixture and to supply it into the chamber the
throttling leak-in valves (fig.l - 20) are used. Molecular concentration
in the chamber is measured by mass-spectrometers (fig.l- 15,16),
thermocouple and ionization sensors (the !alters are not shown in
figures).

Radiation sources of common use, such as an incandescent bulb and
globar, are used to obtain visible and infrared beams. Observation
windows are manufactured from KBr crystal, which is optically
transparent in c ur wavelength region. The irirrors of the light direction
system (fig.l- 5, fig.2- 4) have ihin evaporated coating of melal
(tungsten, silver, aluminum) on their surfaces.

Two scanning devices are used in ourspectral measurements. MDR-12
monochromator is used to scan a wavelength interval from 0.2 to 5.0
microns and !KS-29 infrared spectrometer is used in a wavelength
region from 2.0 to 25.0 microns. The registering devices are photo
multipliers (from 0.2 to 2.3 microns), a thermocouple converter <from
2.0 to 5.0 microns) and a bolometer (from 2.5 to 25 microns).

Proceedings of the Centra/ Symposium of the 'International Space Yea'' Conference, Held in Munich. Germany, 30 March-4 April 1992
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Fig.4: Dependence of cryodeposil growth rate on reduced
temperature forH2O (1), CO2(2),N2O (3)
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v*10 m/s
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Fig.5: Dependences of growth rate and refractive index on
temperature for water deposit.

of similar curves are obtained by us <Ref.6), and we can say, that the
gas phase pressure weakly influences the temperature of a growth rate
break. Somewhat stronger pressure influences the intensity of growth
rate break by decreasing it. so at comparatively high pressures growth
rate has become approximately monotonous function.

The lower curve in this graph shows the temperature dependence of the
reduced refractive index. The appearance of the maximum about 140
K can be explained by the increasing of ice density at this temperature.
It may occur as a result of changing of ice structure at the change of the
temperature that was mentioned earlier (Réf.7,8).

The certain correlation between the upper part of the figure and this one
can be easily seen. A remarkable decrease of the curves at the high
temperature can be explained by the fact that the region under
investigation is limited here by the steadystate curve. As a result of it the
experimental errors (which are unfortunately rather high, especially in
temperature intervals 90-110 and 140-180 K) can also increase.
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Relative reflectance of the substratum covered with the cryocondensed
water layer (thickness 5 microns) depending on condensation tem-
perature for the different wavelengths of light is presented in figure 6.

0.75

0.50

0.25

80 100 120 140 160 180

Fig.6: Dependence of relative reflectance of the substratum
covered with 5 micron layer of ice on condensation
temperature for different wavelengths. l-500nm, 2-550 nm,
3-600 nm, 4-633 nm, 5-650 nm, 6-700 nm, 7-750 nm

Il can be seen that the reflectance sharply changes in the regions 90-110
and 150-160 K. In addition to what has already been noticed above, it
is known that the water crystal structure reformations take place in these
temperature intervals (Réf.8). The noticeable correlation of
temperature functions of different parameters (fig.5, fig.6) IeI us
conclude that there is a common reason for such similarity. Curves in
fig.6 are obtained from measured spectral functions, which are shown
in fig.7.

1.0

2/3

0.4 0.5

Fig.7: Reduced spectral reflectance of the substratum
covered with 5 mm ice layer deposited at the different
temperatures. 1-80 K, 2-90 K. 3-100 K, 4-110 K, 5-130 K,
6-140 K.7-150 K, 8-160 K, 9-170 K.

The labeled lines here are the result of smoothingout of the experimental
data. The original spectra for 1 -7 haveatypically interference character
and are not shown (shown in the figure for only the 3d curve) to avoid
overloading the picture with unnecessary details. The original spectra
for 8-9 (plotted for only the 9th curve) don'i give any interference
entirely. As it can be noticed, not only total reflectivity changes with the
temperature, but transparence of ice layer changes loo, what is followed
by decreasing of the interference amplitude near the steadystate
temperature.

In figure 8 the upper curve shows the dependence of the reduced
intensity of the light reflected by the polished steel substratum on the
light wavelength. The lower curve shows the same dependence, but
the substratum is cove red with 5 micrometers of the solidcryocondensed
layer of F^O a i the 80 K. Different sources >nd detectors were used to
obtain the present data, and dif ferentfragments of curves were manually
spliced. Figure 9 shows nearly the same, but the temperature of

/
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Measured values arc registered, processed and saved with the help of
the IBM computer.

1.2 Measurement method

The sample under investigation, which is a disk of 40 mm diameter and
2 mm thickness, is fixed on the upper surface of the cryostat before a
series of experiments. The chamber is preliminarily pumped out by
zeolite cryogctterpumps (fig. 1 - 10) down toabout 10-2 Pa, then zeolite
pumps arc blocked and a high-vacuum magnetic-discharge pump
(fig. I - 9) begins operating. After the required vacuum (about 2*10-5
Pa) is reached, the pressure and composition of residual fas are
determined.

After that the cooling of the surface underinvestigation begins and when
its temperature reaches the necessary level the spectrum of radiation,
reflected from the clean cold surface of the sample in question, is
recorded. The sample surface purity is being controlled during the
processor coolingby a laser interferometer. Then the gas leak-in is being
carried out to the required pressure through the system of throttles
(fig. I-20).

Measuring and analysis of the refractive index, condensation velocity
and thickness of gas cryodeposit.

The processor gas condensation on the surface in question is the process
of the plane-parallel lav cr growth, and the method used is based on the
interference of laser radiation reflected from the substratum surface
and from the cryocondemate-vacuum plane. We use two helium-neon
lasers with a radiation wavelength 1-0.633 /< m, which illuminate the
substratum at different angles through the observation windows (fig.2-
3). The account of the refractive index of the gas cryocondensate is
made according to two interferograms (Ref .3.4) :

n-|sin2« -(At1Mt2)2ShI2/?) 1/2/|l-(At,Mt2>2 |1/2

where At1 andA^areinterferenceperiods.a./J-anglesofincidence
of laser beams.

The deposit thickness r is calculated from the equation :

r-mA (I -sin2» /nV /2/2/n (2)

here : m- number of interference maxima (or minima); A- wavelength
of laser light (633 nin in our case).

The linear velocity of cryodeposit thickness growth is:

v-ArMr (3)

here: AT - time of thickness increase of Ar.

When the required thickness of the cryocondensate layer is achieved
the gas leak-in into the chamber is cut off and measurements of the
spectral reflection factor of the surface with the cryodeposit layer are
being made in steady state conditions.

1. 2.1 Measurement and analysis of spectral reflectance.
Measurement of the reflection coefficient is performed by a relative
method, which permits to ignore structural features of the installation
(such as observation window transmittance, a reflection factor of light
directors, etc.). Al first the spectrum of unreflected radiation is
measured. Emission from source 1, which is concentrated with the help
of parabolic mirrors 2, goes to the chamber through window 3 (fig. 1 ).

The light direction system (5) drivenbyastepengine (4) turns the light
beam to exclude its reflection from the sample surface (i.e. the angle of
incident is equal to 90 degrees) and a full spectrum of the light coming
out from the chamber is recorded by a pholodetector. To measure the
spectrum of the reflected radiation the light directors (5) are installed
at the position in question (the angle of incidence can be varied from
nearly O to 90 degrees). Spectral measurements are carried out both
with the source of emission turned on and timed off. Availability of 3
spectra (the spectrum of light source radiation, which is not reflected
from the sample; the spectrum of emission of (he sample itself; the
spectrum of source radiation reflected from the sample), permit toobtain
a true reflection spectrum for our measuring scheme where temperatures
of the radiation source, the sample and the photodetector are different.

2. RESUI,Ta

The most of all data arc presented as reduced values. The ice growth
rate data versus the gas phase pressure arc shown in Fig. 3 for different
fixed levels of temperature of the polished steel substratum.

80-

40

•'<¥>•*s

15 K
-..•_."..:...• 80 K
«2.-.Î." 120 K
'_'_'_•_' 130 K
°j;!L=j? 140 K
t'_i'_? 150 K
» 5J «j 160 K
*-t+±-* 175 K

X-'^- '•^fv
?'

v»1010m/s

pressure, p*10 mmHg

O 25 50

Fig.3 Water cryocondensate growth rate at the different
substratum temperature.

As it is seen from the present data a linear dependence of condensation
rale on gas phase pressure is observed. It can be noticed that the lines
are not placed in the same order as of temperatures. To obtain a more
detailed information we have measured the growth rate for fixed
pressure at various temperatures.

Figure 4 shows velocities of gas-solid condensation of H2O, CO2 and
N2O depending on the temperature of the surface of the phase transfer
at the fixed pressures of the gas phase. For a better insight all velocities
are reduced to the velocity of condensation of each gasata temperature
160 K. Tempera nines in the diagram refer to fripfc points of the gases
under investigation. It's clear that every substance has its own region of
nonmonotonic behaviour of the dependence of condensation velocity on
the substratum temperature. It can be explained by the change of a
phase transfer model from gas - crystal togas- mêlas table liquid -crystal
(Ref.5). We have chosen H2O for detailed presentation.

The data of the dependence of the growth rate of H2O condensed layer
on the substratum temperature at the fixed pressure of the gas phase arc
presented in figure 5. The upper curve is similar to curve 1 in fig.4, but
pressures are different and velocity is shown in absolute units.

While comparing the curves in these figures we might come to the
conclusion that the condensation line has a discontinuous break in the
region of a growth rate jump. So the scatter of experimental points in
(hat place reflects (he fact, that (he change of ihe condensation
mechanism does not have a precise temperature boundary. A number

v . t
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0.00

Fig.8: Speclral reflectance of H2O cryodeposit on the
stainless steel mirror. Temperature of condensation is SO K,
thickness is 5/« m

l.OC

0.75

0.5(

0.25

0.0»

Fig.9: Spectral reflectance of H2O cryodeposit on the
stainless steel mirror. Temperature of condensation is 16 K,
thickness is 5/< m

condensation was as low as 16 K. Quantity of available data was less
than above, and isolated fragments of spectrum are shown here. The
deep pit of reflectance (fig.8,9) at 3 mm is a molecular characteristic
absorption jump. The difference between 8 and 9 in detail is due to
difference in crystal structure at that temperatures.

Figure IO shows how the thickness of cryocondensale influence its
reflectance in more wide spectral interval. His evident, that the reflective
properties of the mirror optical elements of cosmic devices is getting
worse with the time of their work (see also Ref.9,10).

4.0 5.5 7.0 )., /im

Rg.lO: Spectral reflectance of H2O cryodeposit on the
stainless stee! mirror. Temperature of condensation is 16 K,
thickness is:I-5/im,2- 20/i m

1.00

0.75-

0.50

0.25 -/

0.001

Fig.l 1: Speclral reflectance "f II2O cryodeposit on the
silicon pfotocell surface. Temperature of condensation is
80 K. I - clean surface, 2- thickness of deposit is 1.5/< m

0.4

0.3

0.4 0.8

Fig.l 2: Spectral reflectance of H2O cryodeposil on the heat
radiation detector surface. Temperature of condensation is
80 K, 1 -clei'H surface, 2-thickness is 4 jt m, 3-lhickness is
9/<m, 4-thicknessis 13/<m

2. 1 Application.

Influence of water cryodeposil on the spectral reflectance of special
surfaces is shown in Fig. Il and 12. Curve 1 (Fig. 11) is spectral
reflectance of the clean surface of a solar energy unit at a temperature
300 K. Curve 2 is the same, but the surface is covered with 1.5 micron
cryodcposit at a temperature 220 K. It is seen, that the deposition of 1.5
micron layer of water cryocondensate leads to both total decreasing of
the reflectance and changing of its spectral character. Fig. 12 shows that
the deposition of water cryocondensale on the light-sensitive surface of
photo-detector (heat-flow sensor) considerably increases its
reflectance. The increasing is observed until thickness of layer reaches
the determine value (about 10 microns in our case). If the thickness
grows more, the reflectance remains nearly the same (Réf.2).

3. ADDITION

It seems to be of interest, that measuring the N20 condensation rale we
have registered the flashes of the light on the solidifying layer (Réf. I I ) .
It was exhibited by a sudden leap of the output signal from
pholomullipliers. One of them registered the laser radiation reflected
by the surface covered with the deposit (shown in fig. 13 by 1 ), theolhcr
was installed to avoid the direct of the striking reflected light to it (shown
by 2). A more detail study of this phenomenon let us establish some of
peculiarities concerning it. There are rather distinct temperature limits
where generation of radiation can be observed (approximately from 90
to 130 K). The gas phase pressure also influences the intensity of
luminescence. If the pressure (and condensation rate) is too big, the
generation is inhibited. If the condensed layer, which has been
deposited at the temperature within 90-120 K, is slowly heated the
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Fig. 13: Light generation stimulated by phase transition.
Condensation of N2O at 100 K. Pressure is 50 Pa.
Q -Emergent signal of photomultiplier

generation of the light may be observed when the temperature is as high
as 130 K (shown in the fig. 13 in regions 3,4). In fig. 13 the detailed view
of the light impulse is shown by 5. Frequency of measuring was 100
sec . As it can be easily seen, the time of the signal increase is no more
than 30 milliseconds. Theenergy of the light flash isaboutl micro joule.
Spectral components of generated radiation is not well known yet, but
the preliminary valuation gives the presence of two (at any rale) spectral
maximums - first of about 350-450 nm, and the second of 600-640 nm.
We have some suggestions about the mechanism of light generation
stimulated by phase transition, but they need much more detailed
information to prove that they are correct. We continue the experimental
study of this phenomenon in our laboratory now.

4. CONCLUSION

It is clear that condensed gas layers of a different thickness change the
heat and mass transfer conditions on the surfaces and first of all the
radiative transfer parameters of the covered surfaces. Condensation of
gases can lead to a violation of the work of satellite life securing systems.
Cryocondensate on the solar cell can change for the worse its spectral
reflectance, absorption characteristics and technical properties. But a
more significant effect of cryocondensed layers can take place in optical
technique systems and radiative heat transfer sensors, i.e. the
decreasing of its sensitivity, the destruction of focal disposition, and the
violation of measurability of gauge instruments may occur.

To summarize in short all reported above it is necessary to say, that
discussed phenomena are often omitted from attention when cosmic-
based optic technique is being designed. Therefore, the information on

nature of these phenomena, their peculiarities and laws is necessary Io
develop optical systems successfully.
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ABSTRACT
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1

Systems for Remote sensing of the Earth
and environment monitoring generate large
volume= of infart-nation. The financial and
resource expenses are spent for large
space projects that need special
expensive technical means -for data and
image acquisition . We believe that one
cf the ways t;? reconcile the controversy
between the ever increasing volume of
d = ta and the time for it processing is
the use 3* a specific transputer
comp-jting architecture in sirborre and
space measurement systems. The transputer
concept m-sles use T.ost efficiently of the
natural oaralIeI isms in the data streams,
thejr mutual correlation and inforrcation
redundancy.

Keywords: Remote sensing, video -
spectrometers, spectrometers, parallel
processing, distributed systems,
transputers.

1. INTRODUCTION

During the nineties, the investigations
of the Earth from space and airborne
pl3tforms include a wide range of
scientific tasks that are solved with a
particular set of equipment. The synergic
approach to the grouping of apparatuses
for cfcservation of the Earth and its
geospheres m^î-es perspective the
completes for measurement c.f the solar
radiation in the visible, near—IR and UV
regions c'f the e! ectromagnetic spectrum
(Réf. 2,4).
The large possibilities of these

complexes for Remote sensing of the
Earth are fully implemented only if they
include special information systems of
the ECS type <Ref. 1,2). That means that
the investigations are considered to be a
combined system for long-term observation
and information. In view of this, an
inseparable part of the investigation
complex is a powerful computing system,
providing a shell for realization of
control. processing, systematizing and
information algorithms.

In connection with 3 number of
international projects for Remote sensing
of the Earth, we intend to carry out the

investigation, processing and image
synthesis of the data streams from
video-spectrometric systems. The authors
have a definite experience in the design
of such spectrometric and multi-channel
viceo systems, included in the scientific
equicir.ent en board the space apparatuses
in the projects "Bulgaria-13OO-II" r!9Sl>
and "PhDbQS" (19B9) 'Réf. 7,B,9).

The nowadays experience in Remote
sensing indicates that a development of
méthodologies, algorithms and data
processing implements is needed because
it is vitally important to gain a deeper
in-aight ir.to the physical and chemical
processes in the biosphere, bio-
gecrhefnical cycles, hydrological cvcles
of world climate, mapping of the
geological formations, etc. These new
types c'f measurement= supply large arrays
c-f data that can be processed by
computing systems with a high! y—parai IeI
transputer architectu-e <Ref. 3,4).

In the present work efforts are
discuîsedto create a special program
system f^r adaptive control cf data
acquisition and processing of video data
and njlti- channel images. They will be
use^L:] for the solution of complex
p>-obi ems on the vectori nation and
distribution of the computer processing
cf mu! ti — i>: mensional data streams.

2. REQUIREMENTS TO THE COMPUTERS

Nowadays, two super — terhnoloaies
affect the development of the sciences on
the Earth, atmosphere, sun, planets,
cosmic; plasma and astrophysical objects.
The first uses suptr—computers far model
investigations with exponentially
•-ic'-& = = ing throughput (Réf. lO'i. The
second technology uses automatic sensors
systems in the space tryr Remote sensing.
The development cf the super-conrautsrs

t:,?ctHe^ With the sool-i st i rat ion c.f the
i-.f!c?r;c model= allows the modeling of
*•• Tith linear and r,on-linear processes that
are ;cm(̂ on in nature a-.d can be neither
imitated under laboratory conditic^=, nor
described by standard theoretical
sr.'prra-'ie-=. The ruade? i nvesti gatio-.s,

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992)
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r r--î"ct=d with these computers. demandée
the development of new sensors and
s/stems -for observât:"" .jnder conditions
of cont iniiaus global n.ar, i tcr i -.g in the
geos/stedis and space.

Satellite systems fo"- earth observation
equipped with th=se sensors. transmit-
spectral images o-f the earth surface 9rt-d
atmosphere b^ data streams that e-;c«;'ci
subEtanti al Iy the possibilities -"or thsir
processing and information retrieval b •
dieses o-f -familiar .mathematical (ne>t!'.ods.

The =opear ance o-f the? •:'"=••' gad cc-up!="J
devices turned th=. passi vt? ..': se?> vati cm
systems into systems -for the ^ rr nid» :. jn o-f
mul ti -channel images with high sprit-.!*]
reso! ut i on.

In the -?ra o-f constantly operating
space stations the observations (TIL st be
continuous in order to study chantas on
tne surface of the object , Thus, we -~ Dme
to the natural conclusion that '.'•is v*s>:
data volumes demand lots of cofTipLit*='4.. i -jr.= ,
The implementation af paralls-l pro-essscr-i
•for the processing of <n>. I ti-c'irere i C-" al
images is the subject of research in .?
number o-f investigation centers:
NASA/Godd=>rd Space Flight Cen'-.s--
Greenbelt. CNES.'Lsboratcxre d'ttud.r=- et
de Recherches en Tel edetect i or- Spatial
Toulouse., etc.

The parallel processors -for i<nage
processing have a speed of 3 MTF1B,
internal memcrv o-f up to 1 5B and
e"ternal memor y for fast i.'iput /c>.- tp.'t
transfer with a volume of 100 TS.

Such technical specifications of the
compute" ï for scientific investigations
can be schieveJ in the per i r-d 19°0-'"000,
if the project is supported b/ tht-
government. The prédiction ar,d stu^y '_>f
the following comple;' pruces^=^1=;
earthquakes, geomagnetism, g^eeti! i ."".«s-e
effact, osone holes, solar
interactions, origin D* life,
attract the attention of the
its institutions.
The present work elaborates on the use

of parallel computers 'Pef. 11) and
focuses on the creation of software means
for thematic videc data processing.

3. MULT I -TRANSPUTER SYSTEM WITH
A PARALLEL ARCHITECTURE

The necessity of high speeds and large
memories •'or information .̂f'!cesï.i ng
demands the use of parallel
architectures. Table 1 shows various
model= of powerful computing complexes
suitable for image processing.
Recently. the scientist= ir the

European u-r. i ver = i ti es cften _-ss such
fliuiti -transputer syst&ms, ancî parallel
models, approaches s-.J -software,
compatible with them (Ref . 12), Let _: =
examine the mode! TNODE of the co<rf'any
Te'iTiat, Tt comprises 64 transputer
modules and representatives cne Df a
large family reaching 44i";0 1^PLD=1S,
The individual t~ar=puter mod.. ' e^ are

placed ir the nodes of the -transputer
network. They may be universal or
dedicated. This offers the following

earth
s>tc.
state and

possitiIitlsa:
- the computing p^-^er increases almost

linearly with the number of the modules
up t.c TJl") ;

- the computing power of the separate
module is 20 MJPB and 1,3 MFLOPS;

— module memory over 1 MB;
- dedicated modules for special tasks,

for example fast Fourier transformation,
visualization, etc.;
- external disk storage of hundreds and

thousands of i*IB;
- prcgram operation system and shell

for parallel programming;
- high-level program languages.

Tatle 1
FOWERFULNESS COMPUTERS

Manufacture Model
CONTROL
VALIANT
INTEL
TELMAT
DEC
CRAY
FPS
CONVEX
IBM
SIMENS

DATA CYBER
FX2BOO

iPSC/860
T. NODE
VAX9000

CRAY YMP
SOOEA

C2
3090

VP

MFPS
3O
72O
7600
120
5OO
25OO
67OO
200
13B
50OO

* mil
O. 26
1.50
0.34
0.53
7.OO
3.60
0.7O
2.40
3D. OO
34.00

4. PRELIMINARY INVESTISATIONE ON
THE BASIS OF A VIDEO-SFECTROMETRIC

COMPLEX FOR RErIOTE SENSING

Remote sensing is based or the
radiation measurement in varuus ranges
o-f the electromagnetic spectrum. Thanks
to a number of advantages the visible and
near infra-red saectral ranges have found
the widest application. The images and
spectrometnc data in the visible and
near infra-red portion of the
electromagnetic spectrum are transmited
by the video-spectrometric complex
"Frégate" intended -for investigations of
the planet Mars and its satellite Fhubos
(Réf. 9).
The multi-channel images received form

a spatial three—dimensional cube of video
data shown schematically in Fig.l. The
number of two-dimensional images in the
cube is equal to the number of spectral
ranges <channels). The section along a
given spatial coordinate in every point
of the image yields a spectrogram.

Fig. i. Algorithm for the abtairtment
of video spectrograms and

video images in Remote sensing
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5. PRELIMINAFf INVEST I SAT! QNS ON
THE BASIS OF PARALLEL CONFUTING

SVSTEMS

The preliminary investigations were
carried out on the topic "Architecture of
high - speed parallel computing systems" *
A comparison was made between the more
prominent =..- chi teeter al versions and some
criteria -for their esti mat • on were
de-fined. Then the basic principles f cr-
ée-fini r\g parallel comp-tters «ere
developed, which include distributed
control system, communi -ation system -for
data t-ansmission in a mul ti— process-.*-
computing shell and s concept far
reliability of the computing processes.

Parallel computing systems differ
consi der.it 1 y from conventional rcmputer
architectures and are difficult to
categorise. Nowadays it is assumed that
they have different degrees of
connectivity between the constituait
processors. In "strongly" connected
structures, the processors share common
memory and I/O channels, the programming
shell being common for all levels cf
processing of the data streams. In the
"weakly" connected structures. f'e
processor=, have locel ireirories an>l
communicate with ea:.h other through I/O
channels. Each one of * heir, "lay possess a
separate scftware,

In some of the pa' =»11=; ^ystpms *or
data processing there are local r <=<=-. -n --ces
of technical means, or widsl/ branched
mutual connections between the
processors. The classification of s.'.ch
structures is very difficult tc .Tia> s, as
well as the creation o-f software fc*-
parai IeI ization of the computational
tasks. Using tne method in (Re-f. 16.17',
we shall determine proper structure
between several classes of parallel
architectures.

The first class includes homcgenesus
systems, in which the computing jrrwer
increases e-ciensively owing tc the
integration of a large numfcs' of
identical processors wording with a
common memory.
The second class permits heterogeneity

with respect to the proresscr element -5,
working on a common computational task.
The third class includes homogeneous

systems permitting -freedom with respect
to the number of mutual connect i or: s -
between the processor elements, both ; r.
their nearest neighborhood and with
arbitrary elements of the structura,
named "hyper cube".
The fourth class includes heterogeneous

systems on the basis of local or glob?!
networks, permitting common sharing of
hardware and software.
The fifth class uiitas systena,

processing simultaneously different data
streams on the basis of transputer
technology, permitting the synthesis of
spatial structures, transpa-ent to the
data processing.
We choose the last class of transputer

technologies, whose basic building
element is shown in Fig. 2.

r..
1LI

Cont
I

•U-

•ttfc"

>r L al
nks

rot Bus ^

^ TBOO

4MB

RAtI
O

Externa l . ^

Cont r o L & >

U«mor y Bu a-'

Fig. 2. Transputer element of
the parallel structure for

processing multi— channel data

The most important problems in the
optimisation of the parallel algorithm
throughput in the processing of video
ctsta are th« cci'licts during i-emcry
reverse? , c"';c:mcDsition of the task and
inte- — process=!" interactions (Re*. IP, ?.?>.
There ^re three app-oache= to the

de^-ig" cf psrrlle! algorithms:
— conversion of the serial algorithm

into a parallel one;
- direct design o-f a parallel

al çori thm;
— adaptation o-f a known parallel

?lgcr; thm.
Prcces=f?s that need to be vectorized

and distributed in Remc-te s="-=ing ?f the
Earth, include:

and cc-rrelation;
filtering;— di 7-'

- Q- th-jgc-nal trar-sf ̂ri
- f c.,-:t'.'-e e-'trr-tio-i;
— r a-?*- er-'.-ector ccnversiar:
- r?ttern rercocn: tio'-;
- -=cen= analysis.
P-ografn modules were developed that

can be either impl evented in practice* or
used 1Cr fv-f-se- investigations in this
•fif ld, 5'.K-*- "-apical crocessirg in real or
q"*!U-"eal ti-ne will contribute tc a
sL'tctantr. a! c^rtrcression of t^e c!ata
i-t = "ir«ed -err archivi-g.

\| Video
Syateni

H

§ Computer

X \
I Care

Cont ro L

Car d

Fig.3. Architecture o-f a rescurce-
distrit-L'ts-d system for acquisition

and data processing

V. r
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è. PREREQUISITES FOR THE DESIGN OF
THE DISTRIBUTED TRANSPUTER SYSTEM

rnr. v-rSEO DATA OMD IMAGE PROCESSING

Tu= a-r1!'. tscture is based on two
facto's - user"-; denands and low cost.
The first factor imposes the use of a

trsn&p'.'t=r architecture under the control
of s new programming shell.

C.--t IT: n in-, ration is very important for
our co-.ntry. It has several aspects. One
cf 'hern is the ratio "price paid/result
achieved". According to (Réf. 20), this
r.?!-!o is 266*/MIPS for Intel i860
microprocessor - the most serious rival
c.f t-ansp,:ters, and "0*/MIPS for 32-bit
transputer modulas. The transputer
spproach is more versatile, allowing the
sol L'.t i D^ cf dif-^rent tasl-s not needing a
rarcr-f : gu—stior. c-f the hardware. An
e=r?~ia'Iy usef'.'l advantage of the
t"̂ ŝc'. ter approach is the possibility to
est:^ts the cc=t of programming and
v-rite p-ograms on a minimum
configuration, while the increase in
E-peed can be achieved b-> adding parallel
module=,

Practical verification of the project
will be provided by further
investiqations in the following basic

- development of system and language
methods end Te~ns fcr parallel
computations i" high-throughput
computation systems;
- developms-t of mean= for high—

thro;, ghpi.-t vector—paralI el processing.

1Jr =- " s

Emulation of Inter-faces

Global Servers

Central Local Processors

Communication Network

Transputer Network

LS

L4

L3

L2

Ll

LO

Fig.&. Hierarchical structure of
ths parallel programming shell

for processing of video
spectrograms and in?gss

7. AIM OF THE

The main reason -for the investigations
is the contineou.sly increasing need for
reception and registration o-f
video-images during Remote sensing cf the
Earth. The aim is to design a dedicated
program systems, distributed in a
transputer shell for parallel processing
o-f video-data, sent by a
video-spectromstric system.

The investigations involve vectori-
zation methods and distribution of
application programs, worl-ing in a
transputer computing shell, in view cf
optimization of the quality, quantity and
cost o-f the received data.

B. TECHNOLOGICAL AND PROGRAMMING
SHELL FOR PROJECT REALIZATION

A laboratory model of a work station
ASP48 is designed in CICT-BAS. This is a
multi-processor computing complex in
which the transputer modules may vary
between 1 and 32. The topology of t'ne
connection between the basic computing
modules can be reconfigured. Each of the
modules has a data .-«emary o-f 2 MB. The
disk sub-system provides 720 MF !with a
transfer rate 20 MP/s. Color ii.ags-s are
viewed on a special graphic module with a
resolution of 512;;512;:8 pixels.
The software is based upon a

development system, compatible with
ELTO-TDS and operating under the control
of MS DCS, as well as on the dist-ibu.ted
operation =y=,tem Helios. Besides the
parallel high-Jevtl language OCCAM,
typical te the <-.f snv-puter approach,
versions of compile-s o-f FORTRAN, C,
PASCAL fc-r parallel programming a.'e alsc
used.

Single dedicated transputer ivodi'.le^ for
speed-up of FFT, as well as transputer
modules for speeding up the tas&-
decisions in the personal computer XT/AT
are deveiopad. Th= data stream frutt a
three-channel ,-ideo spectrometer is
emulated by a RGB CCD video-camera which
inputs images in n&iuirei cclors into the
AFS4S complex.

9. APPLICATIONS

The distributee! tr snsp.iter system Kill
find applicatiDn in:

Remote sensing of earth rêt'..ré.l
resoursesj

- ariiiySus of images during Ton i - or i n g
of global c^o.riges Ir the geosystems;

— real time thsirstic data f>'-^c EJS s ing
and adaptive control of ist? scqui .-=: t .' ci;
- creation of expert—advice systems and

cats bases for geography, oceanography,
metaoralagy, hydrc-iagy, gsclogy,
geop'iysi rs, ecology, etc.

10. A:

The scientific, irvee'-ijetions and the
prasent work are financially supported by
the National Fund of Scie-.t.-^ic
Investigations to the Ministry o* Scisnc=
and Higher Education.
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ABSTRACT

The central point of the EUREKA Project "EURO-
STARS" (European System for JJiematic Analysis of
Remote Sensed Data), started in 1991, is the development of
a new methodology of geographical analysis based on re-
mote sensed images (i.e. satellite data) using neural net-
works and knowledge-based terrain modelling. The proces-
ses of segmenting and classifying the information content of
an image are guided by a neural network, which is able to
correctly interpret the results related to the attributes of the
extracted features like context, form, geometry, texture, and
radiance. Classification will assign a semantic meaninig to
the extracted features, based on a specified human classifi-
cation criterion. Self-learning experiments based on exam-
ples will support an optimal calibration of the neural net-
work; the accuracy of the obtained results will be evaluated
by comparing them with the results obtained by traditional
image processing and interpretation procedures.

1. RESEARCHOBJECTIVES

Recent research efforts have been focused on experi-
menting with new technologies to ensure an efficient the-
matic segmentation of remote sensed images, together with
feature classification based on digital terrain modelling.

This research work was started in 1991 as the EUREKA
project "EUROSTARS" (System for Thematic Analysis of
Remote Sensed data) with the aim of developing a new
methodology of geographical analysis based on the proces-
sing of remote sensed images (like satellite data and aerial
photographies) using neural networks and knowledge based
terrain modelling. Central points of this EUREKA project
are the experimental research for the most suitable techni-
ques for thematic segmentation and classification of images,
together with the automated digital terrain modelling. These
goals will be achieved by developing a special CAM (Com-
puter Aided Manufacturing) workstation for automated pro-
duction of cartographic data. Both satallile data and aerial
photographs will be analysed. As far as classification is
concerned, the research will extend the existing programs
used by our industrial partners, which already ensure seg-
mentation into homogeneous areas (form, colour, and tex-
ture) of the digitized grey level aerial images.

The processes of segmenting and classifying the infor-
mation content of an image are guided by a neural network,
which is capable of correctly interpreting the results related
to the attributes of the extracted features, like context, geo-
metry, texture, and radiance. Classification will assign a
semantic meaning to the extracted features, based on a pri-
ori specified human classification criteria.

Self-learning experiments based on examples will support
an optimal calibration of the neural network; the accuracy of
the obtained results will be evaluated by comparing them
with the results obtained by traditional image processing and
interpretation procedures.

In addition to the neural network architecture we intend
to use multiscale representations (Réf. 3, 6) and to explore
experimentally the self-learning capabilities of the neural
networks, based on network calibration by a large number of
examples.

2. MATCHINGPERFORMANCE

From the point of view of digital terrain modelling, the pres-
ented research will support evolution of already started
internal projects of our industrial partners in the area of mat-
ching accuracy.

The task of establishing similarities between a scene
image and a reference terrain model is called matching (Réf.
4). It uses comparison on diverse levels of abstraction
(from pixel level to interpretation level) of the detected fea-
tures with a set of a priori specified key features, and beco-
mes highly difficult in the presence of complex scenes
with many objects and complex relational structures bet-
ween them, e.g. satellite images for geographical maps. The
matching discrepancy between the compared elements can
be measured by the number of multilevel disagreements,
which can be expressed in form of statistical measures like
feature detection performance, lopological measures like
feature localization performance, structural measures (rela-
tion sets), and texture analysis performance.

The main principles of error measurement (Réf. 1) in low
level image processing could be summarized as follows:

(1) feature detection and labelling (Réf. 2): low probability
in failing to detect specified features and to classify
them (e.g. correct edge detection, labelling of a pixel as
belonging to an edge),

(2) feature localization: high probability of correct feature
positioning (e.g. the position of the extracted edge pixels
should be close to the real edge) and

(3) non-ambiguity of feature detection, labelling and locali-
zation.

Additional principles, like correct feature correspondence
(i.e. matching), non-ambiguous classification, and context-
dependent interpretation are needed in hiph level image
vision in order to improve the accuracy of interpretation and
object identification.

Self-learning experiments based on examples will support
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an optimal calibration of the neural network. The accuracy
of the obtained results will be estimated by comparing them
with the results obtained by traditional image .. :ocessing
and interpretation procedures. Furthermore, the reliability of
the multiresolution matching algorithms will be experimen-
tally evaluated, based on the error measurement approach
presented in (Réf. 5).

Preliminary investigations of the matching performance
show that there is a substantial increase in misclassification
errors with increasing image complexity.

A linear complexity parameter has been suggested in (Réf.
S) as a quality indicator of the multilevel matching error
measurement, with the intention of obtaining qualitative me-
asurements about the way in which the image complexity
affects the misclassification errors. The suggested comple-
xity parameters capture only a small part of the increase-
ment of the number of matching errors due to the image
complexity, and justifies future research on more sophistica-
ted image complexity measures.

Management
System

system for
automatic
cartography

S S S S SS SSSS S

Automatic /
Interpretation &

assificatipn

Fig. 1 System Overview

3. System Architecture

The experimental implementation on an array of trans-
puters will explore the parallel processing with the intention
of improving the response time performance of the image
processing. A software prototype will be constructed which
will ensure a high quality of the extracted topological data
for thematic maps at resonable costs. It will also permit to
accelerate the production of updated cartographical data,
the automatic drawing of slope maps, and the creation and
interpretation of thematic maps for environmental studies,
especially in the field of agriculture, with the aim of facili-
tating the regional planning and resource management.

The research will be concentrated basically on producing
four basic functional components (see figure 1):
- "IDBMS" (Image Data Base Management System)
- "ADTM" (Automatic Digital Terrain Modelling)
- "AIC" (Automatic Interpretation and Classification).The

AIC component contains two subsystems: RETINA and
Interpreter.

- "Output Processing" dealing with cartographic produc-
tion.

ADTM and AIC are the basic functional blocks correspon-
ding to the two lines of research already mentioned;
IDBMS and "Output Processing" represent the support mo-
dules necessary for marketing the EUROSTARS product.

Image Data Base Management System
This component is concerned with the management of the
image data base (i.e. aerial and satellite photographs) and of
the alphanumerical data (cartography and land surveys). It
also performes data acquisition and the first-level pre-pro-
cessing of the input data.

Automated Digital Terrain Modelling
This component is concerned with the automated calcula-
tion of the terrain mode] based on the data of digital stereo-
pairs and an appropriate terrain knowledge.
It will exploit both traditional processing resources and tho-
se of the computational array. The huge amount of calcula-
tions to be carried out requires a high computational speed
in order to achieve an acceptable response time.
This component will produce as its output a map of
heights, transforming the information preprocessed by the
IDBMS block into appropriately structured morphological
data. These data can be used by other modules together
with the radiance data in subsequent processing operations.

Automatic Interpretation and Classification
- Functional description
This component will heavily use the resources of the com-
putational array in order to perform interpretation and clas-
sification of the symbolic image representations. It contains
the two subcomponents "RETINA" and "Interpreter".
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RETINA
This component performs the contextual classification task,
based on the self-learning characteristics of the neural net-
work. It will constitute a son of automatic photointerpreter
and adviser to the interpreter in solving ambiguous situa-
tions. Il exploits the basic features of neural networks: self-
learning, associative memory, and fast calculation.

Interpreter
The interpreter will guide the understanding of the "mea-
ning" of the detected objects and image areas.
Based on the data supplied by IDBMS and ADTM, this
component will build the thematic classes, relevant to the
numerical cartography.

Output Processing
This block has the task of post-processing the results produ-
ced by the blocks described above, and of creating the car-
tographic output (i.e. in both numerical and graphical form)
in accordance with the cartographical standards.

Models" Computer Vision, Graphics, and Image
Processing, Vol.34. No.l, pp.52-65,1986.

4. Pflegcr S., Radig B. "Advanced Matching in
Vision and Artificial Intelligence" Proc. of the
ESPRIT Workhop on 5/ 6. June 1990, Techn.
Report of the Technische Universitat MUnchen, No.
TUM-I9019, June, 1990.

5. Pfleger S. "Image complexity in matching con-
text", Proc. of the 2nd Int. Workshop on "Robust
Vision", Bonn, March 1992.
Machine Intelligence, Vol. 8, pp. 129-139,1986.

6. Witkin A. P., Terzopoulos D., Kass M. "Signal
Matching through scale space" Int. J. Com. Vision,
Vol.1, No.2, pp.133-144,1987.

4. DISCUSSION

The performance requirements for the project should
ensure a high technological level of the cartographic pro-
duction of thematic maps. That will be the objective of the
activities during the research phases of the project The re-
solution of the images used for the thematic analysis will be
investigated and the limitations of our method's applicabili-
ty will be identified as a function of the input data and of the
predefined relationship both to the scale of reproduction and
to the terms of current standards, and in particular those of
the Italian Geodetic Commission and of other model codes
applied at Community level.
For thematic analysis the system will work fully automati-
cally, but it will need a training phase, assisted by an inter-
pretation done by a human operator. The expected increase
in efficiency will be expressed in terms of higher producti-
vity and accuracy of the thematic maps. Large-scale use of
parallel processing can be achieved by the use of computa-
tional arrays. It is considered that a reduction to 1/10 of the
current production times is a reasonable project target.

These arguments outline the high technological risk in-
volved in such a research project. In addition, there are se-
veral risks concerning the marketing of the EUROSTARS
product in Europe:
- A market of interesting dimensions and identified with re-
gard to existing traditional applications needs to be accessed
by the new technology of the EUROSTARS project; this
applies to both the product marketing and the cartographical
service.
- There is the need to certify as standard product based on
techniques and methodologies with a high technological
content and a strongly innovative character while still
having, to some extent, an experimental system.
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EARTHQUAKE VULNERABILITY MAP OF THE LAKE CONSTANCE AREA

B.Theilen-Willige

Euro fur Anyewandte Geowissenschaftliche
Fernerkunduny,Stockach

ABSTRACT
The combined interpretation of yeophysical,
struetura1-yeological,yeomorpholoyical and
ren.ote sensing data serves as a data base
for an earthquake vulnerability map of the
lake Constance area. linear features
visible on Satellite imayes and topographic
lineaments as linear valleys or ridyes
were mapped and correlated with known
tectonic features and seismotectonic lines.

Keywords: remote sensiny data, lineament
analysis, earthquake vulnerability map

1.INTRODUCTION
The Lake Constance-area comprises parts of
southern Germany,Northern Switzerland and
Western-Austria. The earthquake
cataloyue for the Federal Republic of
Germany and adjacent areas contains for the
tiraeperiod between 1000 AD to 1982 AD 1890
earthquakes, as well as 37 destructive
earthquakes (Réf.1).As the FRG depicts a
very dense population and industrial
density a continous supervsion of
earthquakes is necessary (Réf.2).
Fiy.1 shows a seismotectonic map of
SW-Germany representiny the position of
epicenters of earthquakes with a maynitude
of more than IV for the time between 1000
and 1982 AD. (- This map was elaborated by
the Federal Institute for Geosciences and
Natural Resources in Hannover which re-
yularly publishes Data Cataloyues of
Earthquakes in the FRG.-)
To yet an overview of areas which miyht
be tectonically more affected by
earthquakes than others it is necessary
reyardiny the fracture tectonics detectable
at the earth,s surface .
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Fig.1: Seismotectonic Map of SW-Germany
The size of the symbols corresponds
to their macroseismic efficiency.
The epicenters of earthquakes with
intensities >IV are represented of
a time period ranying from 1000-1982
AD (Pof.8).
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2. GEOLOGY
The Lake Constance-area lies in the South
German Molasse -Basin north of the Alps.
The tectonic influence on the lakes,s
oriyin and contours has been discussed by
various authors (Réf.3-6). Especially in
the NW/W-area of Lake Constance an intense
block faulting has been discribed by
SCHREINER (Réf.6) including vertical
displacements up to 250 m. Some of the
laryer lineaments are considered to be old,
deap reaching, reactivated faults as for
example the NW-SE striking lineaments
crossiny the Lake Constance.
The Hegau-area west of Lake Contance is
characterized by tertiary volcanism,
indicatiny zones of weakness in the upper
crust.
Postpleistocene tectonic faultiny can be
observed at the northern shoreline of the
"Uberlinyer See" between Sipplingen and
ijberlinyen, where Molasse-sédiments show
distinct block-faulting.

3. SEISMIC ACTIVITY
As demonstrated by Fiy.t. the Lake
Conctance is affected by earthquake events
of almost low intensity (Réf.1,2,7).
The obvious linear aranyement of the
epicenters (the foci of which are situated
in yeneral at depth between 8-12 km)
suyyests their oriyin by horizontal
fault plane solutions (Réf.7). The
occurrence of epicenters is concentrated in
the area of Friedrichshafen and the western
part of the lake.

4.MAPPING OF TOPOGRAPHIC LINEAMENTS
Geoloyic studies of seismic events using
remote sensing methods are aimed at the
detection of faults, landslides and other
ground failures caused by earthquakes.
Special attention is given to the detection
of topoyraphic linear features in the
landscape and of linear features visible on
satellite imayeries which might be related
to earthquake events.
Because of the pleistocene sediment covers
and reliefforminy processes duriny the
Pleistocene a structural-yeoloyic inventory
is very difficult in large parts of the
Lake Constance area. For this reason a
morphoyenetic and morphotectonic evaluation

of relief elements has been carried out in
order to find structural features
influenciny the relief development.
Especially linear topographic features are
guides to geologic structures. Most
of them are a- result of differential
erosion. Fig.2 shows a hypsometric map
of the northern part of the Lake
Cor.stance-area based on a digital terrain
model. The regular geometric alignment for
most of the depressions and escarpments
suyyests a structural control by subsurface
tectonic features as fracture and fault
zones. The parallel and subparallel
orientation of ridges and depressions is
especially expressed in the NW-part of the
study area» East of Sinyen the
distribution of marshy countries is
concentrated alony linear depressions in
NE-SK-direction.
These topographic lineaments were mapped
and compared with the position of known
faults. A distinct coincidence can be seen
in many cases.

) Ŵ i-SK vH <• ' ̂Y*™ ' -̂ - «̂ -?̂ i "v
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Fiy.2: Map of Topographic Lineaments based
on a Hypsometric Map of the NW-Lake
Constance Area

5. LINEAMENT MAPPING BASED ON REMOTE
SENSING DATA OF THE LAKE CONSTANCE
AREA

LANDSAT TM-,SPOT- and KFA-1000-satellite
data as well as aerial photographs were
used as a base for lineament analysis. Most
of these linear features are supposed to
be related to subsurface structures as
joints, faults, lithologie boundaries or
other geologic discontinuities. In the
Lake Constance - area with its Tertiary and
Quarternary sediment covers a great deal of
linear features can be detected only by
relief analysis (linear valleys or ridges).
The synoptic view on the satellite imayes
permits recognition of a systematic pattern
in the distribution of these linear
features, see fiy.3. SW-NE,N-S, WNW-ESE
trends are prevailiny. The statistical
distribution of the lineament directions
accords well with that of mapped faults. On
the other hand, many of these lineaments
are not mapped as faults on existing
geologic maps. A more complex type of
fracture is supposed for them, composed
of minor fault zones.
A consensus has been reached among those
studying linear features that the longer
and distinct expressed elements reflect
discontinuities within the crust.
The larger NW-SE-striking lineaments
crossiny Constance for example are
considered to belong to the Bonndorfer-
fault zone, a deap reaching lineament
ranging from the Black Forest -area to
Lake Constance.



935

\

Comparing the position of the registered
epicenters in this area with the lineament
arranyement, it can be clearly stated:
There is a coincidence of areas characte-
rized by crossing of distinct expressed
linear features as well as on satellite
images as on topographic maps and of known
epicenters.
Thus, the mappiny of linear features helps
to augment our knowledge of the regional
tectonic pattern and can afford a means of
determininy areas which might be affected
more by earthquakes than others and places
of likely renewed activity. These areas
are marked in fig.3.

o

Fiy.3: Map of Linear Features detectable on
LANDSAT TM-imayes
Areas which might be affected more
by earthquakes than others and areas
of likely renewed activity are
marked.

Of course it has to be taken into account
when interpretating the surficial visible
tectonic pattern,that the tectonic stress
field detectable to some extent by remote
sensing methods is different from that at
depth of the earthquake foci.
To what extent the lineament pattern is
part of stresses inferred from fault plane
solutions of earthquakes this must be the
objective of future investigations.

6. CONCLUSIONS
This study is the result of a combined
interpretation of topgraphic lineaments and
of linear features visible on satellite
images in order to detect structurgeologic
elements of seismotectonic significance.
A comparison of the position of known
earthquake epicenters and mapped linear
features shows that the epicenters occur in
areas , where distinct expressed lineaments
are crossing.
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INTRODUCTION

From April 1990 to December 1991, the present authors
have attempted measurement of the bioelectric potential
of silk trees at International Study Centre 'Before Day* in
Naples Zoo. In the meantime many small earthquakes oc-
curred in the south of Italy, and especially on 26 May,
1991 a moderate earthquake (M = 4.6) occurred in
Lucania area (Fig.l). In the present report, the anomalous
bioelectric potential changes in the silk trees on 25 May,
i.e. about 24 hours before the earthquake are presented.

MATERIALS AND METHODS

Two silk trees (Albizzia julibrissin) have been growing
and reached about fifty years of age, and both situated in
a field on the campus of Naples Zoo, were subjected to
measurements of their bioelectric potential. The circuit
used to measure their bioelectric potential was the same
system used in previous investigations (Toriyama and
Kawaguchi,1981; 1987: Toriyama and Yasuda, 1989:
Toriyama, 1991: Toriyama and Matteucig, 1992). With the
circuit, it was possible to measure the bioelectric potential
of the silk trees under the influence of earth-currents. The
rotal value of the potential difference between the
platinum electrode on the tree and the rhodium-platinum
electrode underground was affected by the aging of the
tree and environmental conditions. Generally, the poten-
tial of the silk tree showed a certain pattern, namely from
O mV to — 300 mV during a year. In good weather the
record of the tree potential showed a chevron curve (Figs.
3 a,c). However, in cloudy weather, record of the poten-
tial changed slight!;' (Fig. b).

On the magnified recording, the small oscillation of the
potential was observed (Fig. 2), then, from about 24 h to
the every day the oscillation decreased clearly. The
authors presume that the cause of the oscillation is stray

currents from direct current-operated railways (*). A
similar phenomenon was indicated on the observation on
the silk trees potentials at the campus of Tokyo Woman's
Christian University in Japan (Toriyama, 1982).

OBSERVATION AND COMMENTS

From beginning of May to 23 May, the bioelectric poten-
tials of the silk trees indicated a normal trend (Figs. 3a,b).
Anomalous potentials were then observed between 11 h
and 21 h on 24 May (Fig. 3c). And high frequency poten-
tial changes appeared in G-plant between 13 h and 14 h
30 m on 25 May as indicated by arrows in Fig. 3d.
Beside, in H-plant high frequency changes appeared bet-
ween 13 h 40 m and 14 h 20 m as indicated by arrows
(Fig 3d). After about 24 hours the appearance of these
high frequency changes, medium-sized earthquake (M =
4.6, epicentre: North-East of Potenza, in Fig. 1) occurred.
After the earthquake, several small earthquakes occurred
in succession (14 h 56 m: M = 2.1, 15 h 06 m: M = 2.5,
15 h 19 m: M = 1.6, 15 h 27 m: M = 2.0, 15 h 56 m: M
= 1.8 and 0.6 h 42: M = 2.6). After these earthquakes,
on 27 and 28 May, some abnormality appeared in the tree
potentials. Then, from 29 May bioelectric potential of the
silk trees was back to normal curve (Fig. 3e). The present
authors presume that the abnormality in tree potential,
especially high frequency changes probably were precur-
sory phenomena.

We must recognize that the roots of a tree always branch
out, growing into the soil and crack in rocks. Silk tree
roots in particular extend very deeply into the ground ver-
tically, and also spread like a network in three
dimensions.

In general, one of the characteristics of a course 'living
root system-hydrated soil — hydrated cracks of rocks* sus-
tain a chain of electro conductivity. This probably makes

(*) Distance from the observation post 'Before Day' in Naples Zoo to the railways is about 500 m.
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it possible for the living tree to receive stimuli consisting
of geoelectrical, geophysical and geochemical factors
which are precursory phenomena of earthquakes.

Tlius if we develop new interdisciplinar studies regarding
physics, geoelectramagnetics, geochemistry, electro-
engineering, plant physiology and animal physiology, we
may eventually be able to predict earthquakes.
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ABSTRACT

This paper discusses some of the current tretrds regarding the
supply of remote sensing data. Specifically those trends which
are relevant - and how they are relevant - for environmental
monitoring are mentioned. By 'current trends' is understood
patterns that have been noticed during the last few years and that
we know will continue for the next three years, i.e. those that
might be valid for on-going monitoring projects. The discussed
trends range from satellite technology to data delivery concepts.

Keywords: environmental monitoring, data supply, near real-
time, subscription, operational.

1. THESENSORTREND

Since the Seasat satellite failed in 1978, after only 106 days in
operation, the remote sensing community has been awaiting the
next operational SAR instrument in orbit. Indeed, there have
been some short S AR missions on the space shuttles, but not until
1991 did we get another polar orbiting radar satellite.

Almost like the ketchup effect, once one radar satellite was lifted
into orbit, others were already queuing up at the launch pad. The
ERS-I and Almaz satellites were launched within a couple of
months last year, followed by the Japanese ERS-I (JERS-I)
satellite in early 1992. Radarsat is planned for a 199S launch, but
we might encounter the sequels of both ERS-I and Almaz even
before then.

These new radar instruments do not all have the same charac-
teristics or objectives, and at the time of writing this paper it is still
not certain whether the JERS-I SAR system will actually func-
tion. Nevertheless, put together they represent a trend: operational
imaging SAR systems in polar orbit.

2. THESATELLITETREND

No other sensor for earth observation is currently in vogue like
the radar, but certainly there are new satellites carrying other
sensors. For example, the JERS-I satellite supports two optical
systems, the Indian satellite IRS-IB was launched in August
1991 with an MSS type sensor, Landsat 6 will have an enhanced
TM instrument on-board when launched in early 1993 and
SeaStar will carry an ocean colour scanner later the same year.

In addition to all the newcomers, old 'retired' satellites are still
producing data: SPOT 1 has been put back Io full operations and
EOSAT is fighting Io keep Landsat 4 and S alive as long as
possible.

All these activities represent a general trend in observation: an
increased number of remote sensing satellites in orbit simulta-
neously.

Sometimes, new satellite technology is pushed by the space
industry, but the revival of old satellites is definitely an effect of
a data need from an increased number of operational monitoring
projects. And whether 'thesateUite trend' is theresultoftechnology
push, user pull or national pride, is irrelevant For the remote
sensing community, it means better availability of data. If a user
wants to monitor, forexample, Munich during the IS Y conference,
he would on average get more than one optical high-resolution
image per day (Table 1.)

Satellite

Landsat 4
Landsat 5

Spoil

MOS 1A

Spot 2

MOS 1 B

Launched

1982
1984

1986

1987

1990

1990

Possible repeat
frequency

8
8

2.5

8

2.5
8

Table 1 : Earth observation satellites with high-resolution optical
instruments available for monitoring Munich during the ISY
conference (March 30 - April 3,1992).

3. THE DELIVERY TREND

The ERS-I satellite also represents the third trend in satellite data
supply: remote sensing satellite systems with fast data delivery.

The concept of quick delivery of earth observation data has been
discussed for many years, since it potentially could trigger
several new operational applications, e.g. disaster monitoring,
local weather nowcasting, sea-state monitoring and illustrations
for news reports.

Proceedings of the Centra/ Symposium of the 'International Space Year' Conference. Held in Munich, Germany. 30 March-4 April 1993
(ESA SP-341. July 1992)
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For the meteorological Meteosat system, product delivery in near
real-time is an axiom, and several AVHRR receiving and
processing chains are nowadays also equipped with fast delivery
services. However, for high-resolution satellite systems, the
large data volume has up to now made the concept too cumber-
some or too costly.

Although not fully mature, the ERS-I fast delivery system is the
first step towards near real-lime delivery of high-resolution data
and towards satisfying some of the mentioned applications.
Many earth observation satellites designed in the near future will
have fast delivery systems cloned from or - at least - inspired by
the ERS-I concept.

The ERS-1FD system includes same day delivery of full resolu-
tion SAR data, directly from the stations through a satellite link
to nominated centres in each country participating in the satellite
programme. The low bit rate ERS-I data (e.g. scatterometer and
altimeter data) are delivered through a similar system.

The core of 'the delivery trend' is the current use of AVHRR data
in operational monitoring projects. However, many of the fast
delivery services from the receiving stations are normally open
only to special users. To overcome this problem for other users,
Eurimage is now providing a general near real-time service from
some of the European receiving stations, based on distribution
through ground-links.

4. THE PRODUCTION TREND

Another trend, which may have escaped the attention of some
users, but which has for years constantly grown stronger, is: the
decrease in average production time for high-resolution data.

5 days

normal rush

from ordar to dalhwv

rush

from souiis

Table 2: Production and delivery time for Eurimage Landsat
products.

This trend is valid for most of the high resolution pre-processing
chains, and for the ESA/Earthnet Landsat ground stations, the
average production time is presently only 3-4 days.

Furthermore, the special rush production service, carried out by
Earthnet and Eurimage, is now providing a one-day production
time for Landsat data. Well in line with this increasing efficiency,
is the delivery time for off-line products, which has decreased
drastically with the use of courier delivery services instead of
normal mail. The rush production and delivery takes on average
3 days, starting from when the order reaches Eurimage and until
the tape is in the hands of the user. N.B. the time for production
of the tape is small compared to the courier delivery (see Table
2.)-

5. THESERVICETREND

The increased number of users - and more demanding users -
asking for more data and faster delivered data, has triggered
another trend among the data suppliers: better user services.

For many of the 'quick' monitoring applications, not only is fast
production and delivery relevant, but also faster and more precise
information on the quality of the available data. Interesting new
tools are the digital quick-look systems that have been developed
for Spot and Landsat 6, which allow the user to have better control
of the products he is ordering.

Within the Earthnet coordinated network of AVHRR stations,
there is already a possibility to receive classified quick-looks by
fax.

For users who cannot wait for the quick-looks to be produced,
Eurimage can nowprovide cloud cover assessment together with
the Landsat TM acquisition. And for more demanding opera-
tional projects, like the JRC MARS project, Eurimage provides
a special fog and mist assessment.

6. THEARCHIVETREND

Every day the archives are getting larger and older - the oldest
data in the Landsat MSS archive has now reached the age of 20
years. This fact cannot only be credited to the data suppliers, but
the suppliers are involved in facilitating the utilization of the
archives. The trend is: increasing size, importance and utilization
of the historical data archives.

These archives are becoming more valuable for environmental
monitoring in general, and for the study of global change in
particular.

These data are also becoming more available. Old data in the
MSS archives -both in Europe andin theU.S. -are now provided
at reproduction cost.

ESA/Earthnet is no w also taking actions to save the old MSS data
from destruction by putting them onto new media. A similar
project has re-processed the entire CZCS archive (acquired
1978-1984), during the preparations for the SeaWiFS ocean
colour instrument, that will be launched next year.
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7. THETIME-SEQUENCETREND

The increasing interest in environmental studies, specifically
change studies, has created incentives for the data suppliers to
make satellite imagery available in new ways. The historical
archives mentioned above is one type of assistance for monitoring,
but a more recent trend is: supplying data in time-sequences.

During 1991, all the main data suppliers have made time-series
data available as special products, either as permanent products
or as special offers. The concept is that several images over the
same area are provided at a much lower cost than the purchase of
the images individually. Earthnet and Eurimage have decided to
make all the digital Landsal TM products available as time-series
on a permanent basis.

Furthermore, Eurimage is supplying AVHRR data in a more
advanced subscription form. Instead of obtaining full AVHRR
scenes ad-hoc, the user may specify his arca-of-interest, interval
of acquisition, subscription period, processing level and delivery
media.

Normal AVHRR subscription products are available for Europe
and all of Africa (Map 1.), while a special near real-time delivery
service for subscription images is available for Europe and
Northern Africa (Map 2.).

Map 1: Coverage of Eurimage AVHRR data. Subscription
products will be available from most of these areas during 1992.

Map 2 : Coverage of Eurimage near real-time delivery ofAVHRR
subscription products.

8. RELEVANCE TO ENVIRONMENTAL MONITORING

8.1 Problems

Above are described some of the trends in remote sensing data
supply that might be relevant for environmental monitoring. But,
what are the major problems for environmental monitoring with
remote sensing techniques, and how do the bends help in solving
these problems?

Since the mid 1970s, different remote sensing techniques have
been developed for environmental monitoring, but not until the
last few years have many research studies and pilot projects
turned into real operational monitoring systems. And when they
have transformed from research to operations, usually the problems
have not been with algorithms or methods, but rather with data
availability, data delivery and data costs.

8.2 Data availability

For many monitoring applications, the data availability is the
major problem. Simply, there is not data for the exact timeperiod
required. The new satellites systems will help in two ways.

Radar satellites acquire data irrespective of weather and light,
which means that the usercan always get cloudfree images. Also,
a higher number of satellites implies that the revisit frequency
will increase substantially.

For example, if a user would like to monitor Munich during the
ISY week with all the possible remote sensing data, he would be
rather well off. Theoretically, he would get:

- optical high-resolution data every day (see Table 1.)
- SAR data twice
- AHVRR data every three hours
- Meteosat data every half hour.

The 'the service trend' will also assist the monitoring systems in
finding the most suitable images for their task. Another important
point is that the project operators do not have to go to different
vendors to obtain the data or data searches: Eurimage supplies
data from nearly all of the mentioned satellites.

Also important for environmental research are the opportunities
for data fusion, created by the new instruments in space: new
possible parameters to be extracted from combinations of, for
example, different wave-length bands or different look angles.

8.3 Data delivery

Time is an important parameter for many monitoring systems,
although the time constraints are different for different systems.
For océanographie applications, the time limit is normally 2-3
hours, whereas for agricultural monitoring it might be 2-3 days.
Nevertheless, to the data supplier, this means a need for efficient
production and delivery. Applications which require the data in
near real-time (defined as within 3 hours) can presently only be
satisfied with AVHRR data.

If the data is ordered before acquisition, Eurimage can deliver
different types of data from some European stations within the
following times from acquisition:

Satellite

AVHRR

ERS-I
Landsat

Delivery

ground-link
satellite link

Time

2-3 hours

same day
3 days

i

if'
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8.4 D«U costs

Over the list ten years, the cost of normal satellite data products
has been stable and has only increased with inflation. However,
for some environmental monitoring systems, the cost of the
satellite data is still substantial.

For high-resolution data, the production costs will probably not
decrease in the near future, but for example, for AVHRR, there
is already one way of decreasing the cost for monitoring projects:
subscriptions. The reason for a possible cost decrease, is not only
the commitment from the user to procure, but also that the final
data set is produced together with the data acquisition, which is
much moreeffkient than loading tapes from the archive at a later
stage.

Kv*s

9. CONCLUSION

Currently, there are a number of trends in satellite data supply, of
which increasing data availability is the most important one.

Although these trends will not solve all the problems environ-
mental monitoring systems are struggling with today, the new
satellite systems and the new concepts of user services and data
delivery, will certainly facilitate monitoring in the short-term.

It is also important that the project managers understand the
options they have to enhance their monitoring systems.
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