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PROCEEDINGS OF THE IRI TASK FORCE ACTIVITY 2001

FOREWORD

This ICTP Internal Report contains the list of papers presented, activity report and the
write up of a number of presentations delivered during the International Reference Ionosphere
(IRI) Task Force Activity 2001 which took place at the Abdus Salam ICTP during May 2001,
particularly centred in the week from 21 - 25 May. The 2001 Task Force Activity is the eigth
successful encounter of specialists organized by the URSI-Cospar IRI Working Group and the
Aeronomy and Radiopropagation Laboratory of the Abdus Salam International Centre for
Theoretical Physics of Trieste, Italy.

Prof. Sandro M. Radicella
Head
The Abdus Salam ICTP
Aeronomy and Radiopropagation Laboratory
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INTRODUCTION

This project continues the IRI Task Force Activities at the Abdus Salam International
Centre for Theoretical Physics (ICTP) in Trieste, Italy. The primary focus of this Activity was
the development of a specification model for ionospheric variability. Such a model is high on
the wish list of users of ionospheric models. Climatological models like IRI provide monthly
mean values of ionospheric parameters. Understandably a satellite designer or operator needs to
know not only the monthly average conditions but also the expected deviations from these
mean values.

The main discussions and presentations took place during the week 21-25 May. The
format was similar to last year's activity with presentations and round-table discussions in the
morning and follow-on work in small subgroups in front of computer terminals in the
afternoon. This Proceedings contains also four papers of the previous IRI Task Force Activity
which were omitted. They are marked in the Table of Contents with an asterisk.



INTERNATIONAL REFERENCE IONOSPHERE (IRI)

Task Force Activity 2001

- Report -

D. Bilitza

The 2001 IRI Task Force Activity took place from May 21 to 25 at the Aeronomy and
Radiopropagation Laboratory of the Abdus Salam International Centre for Theoretical Physics
in Trieste, Italy. Participants included J. Adeniyi (Nigeria), G. Miro (Spain), F. Antonaci
(Italy), D. Bilitza (USA), A. Calzadilla (Cuba), L. Ciraolo (Italy), P. Coisson (Italy), B. Forte
(Italy), M. Mosert (Argentina), M. Juan (Spain), F. Miquel (Spain), S. Pulinets (Russia),
S. Radicella (Italy) and B. Reinisch (USA). The primary focus of this Activity was the
development of a specification model for ionospheric variability. Such a model is high on the
wish list of users of ionospheric models. Climatological models like IRI provide monthly mean
values of ionospheric parameters. Understandably a satellite designer or operator needs to know
not only the monthly average conditions but also the expected deviations from these mean
values.

Day 1:

The newest version of IRI (ERI-2001) is now ready for distribution. The ICTP Task Force
Activity provides a first opportunity for using the new version in comparisons with data. The
most important changes were explained and discussed by Bilitza (USA) with special focus on
the stormtime updating algorithm for foF2 as developed by Fuller-Rowell et al. The Fortran
code was ftped from the NSSDC archive site. The code was cleaned up to comply with the
Fortran compiler used at ICTP on their SPARCs and SUN systems.

Recent results from the Jicamarca ionosonde were presented by Reinisch (USA), the
bottomside thickness parameter BO agrees quite well with the IRI-2001 predictions, whereas
the shape parameter Bl shows a smaller diurnal variation than assumed in IRI-2001 (which is
2.6 for night and 1.8 for day). Adeniyi (Nigeria) presented Dl measurements from
Ougadougou, Burkina Faso. Dl is the shape parameter for the Fl layer. The data (low solar
activity) are a factor of 3 higher than the data for high solar activity from Jicamarca.
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Day 2:

Variability of ionospheric parameters and how best to represent it was the primary topic of the
2nd day. A first table was established based on the observation from Ougadougou as interpreted
by Adeniyi (Nigeria) and the observation from Tucuman, Argentina as interpreted by Mosert et
al. (Argentina).

Ougadougou:

Time
day low
day high
night low
night high

Tucuman and

Time
day
dawn
night

foE
5
5
5
5

San Juan:

foE
5
5
5

BO
15-20
15-20
15-20
15-20

foF2
10
15-30
20

Bl
20
10
35
25

M3000F2

foF2
>10
<10
20-40
15-20

Mosert et al. also studied different parameters to specify variability: standard deviation (in % of
mean), difference between from median to lower quartile and to upper quartile (in % of
median), difference from lower quartile to upper quartile (in % of median). The first and last
values are comparable whereas the other two are about half the value. The median and the
inter-quartile difference have the advantage of being less affected by the large deviations that
can occur during magnetic storms.

Requirements were discussed for the development of a specification model for ionospheric
variability. Latitudinal differences are expected from the magnetic equator to the anomaly crest
to middle latitudes and to high latitudes. Besides an altitudinal differentiation a model also
should account for the diurnal differences and the changes with solar activity. The plan would
be to establish a table of variability values for the different conditions similar to the model for
the bottomside thickness parameter B0.

Day 3:

The main topics were techniques for obtaining the ionospheric total electron content (TEC), the
variability of TEC, and the ionospheric effects of magnetic storms. Juan (Spain) discussed the
global mapping technique used at the Polytechnical University of Catalonia (UPC) to obtain
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vertical or slant TEC from GPS signals. He specifically showed examples of how the UPC
team is evaluating the reliability of their method. Unfortunately, other GPS teams have not yet
done similar tests. A comparison with a large amount of TOPEX data clearly favors the 2-layer
methods (UPC and JPL) over the simple 1-layer methods (ESA, CODE, etc.). Garcia presented
results of a study that uses ionosonde data and GPS/MET (low altitude GPS satellite) data to
construct more reliable TEC maps from GPS data. Ciraolo explained the method used by their
group at the University of Florence and documented the importance of accounting for the full
time derivative and not only the partial derivative neglecting the satellites movement during the
measurement.

The variability ((Upper quartile - Lower quartile)/median) of TEC was studied for three South
American stations (Mosert, Ezquer et al.). Arequipa, Peru close to the magnetic equator,
Santiago, Chile close to the Southern crest of the anomaly, and Rio Grande at mid latitudes.
The variability is largest at the crest station (about 50% for day and night) and lowest at mid
latitudes (30%). Near the equator the variability of TEC changes from 35 % during day to 55%
during night with a peak of 60% at sunrise. The other two stations show almost no diurnal
differences in variability, except for a dawn peak of about 50% for the mid-latitude station. For
all three stations IRI underestimates the daytime values and overestimates the nighttime values.
The corrections introduced with the new IRI-2001 (BO) are in the right direction and will lead
to better agreement with the data especially close to the magnetic equator.

The stormtime variation of topside parameters was studied by Pulinets with InterKosmos 19
(IK-19) topside sounder data. His data indicate the importance of considering the UT/LT effect
and he shows changes not only in peak height and density but also in the shape of the topside
profile. Calzadilla highlighted longitudinal differences by comparing the storm response as
seen in IK-19 data received at Havana, Cuba with IK-19 data from the European sector. Gloria
investigated the main differences between the quiet and storm time foF2 and hmF2 at middle
latitudes with ionosonde data from Spain and Italy. As a followup the predictions of the new
IRI storm model are being computed for these specific storms and will be compared with the
measurements.

Day 4:

The main topic on this day was the improvement or replacement of the IRI topside model.
Bilitza summarized the main problems of the current model: (1) Overestimation of
measurements at high altitudes and underestimation at F region heights; (2) The total electron
content (TEC) computed with IRI underestimates the measurements during high solar activity
and overestimates the measurements during low solar activity especially at low latitudes.
Comparing Alouette and ISIS topside sounder data with IRI, Bilitza found a systematic height-
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dependent misrepresentation of the data. From this analysis it might be possible to deduce a
height-dependent correction factor that would provide a first order improvement of the current
IRI topside model. Pulinets reported about progress with his Epstein representation of IK-19
data. An extension to low solar activities is planned with Cosmos 1809 data. Coisson has used
the IK-19 data to deduce a correction factor for the topside model developed by Radicella and
his team at ICTP.

An interesting effort was undertaken by Ezquer et al. in the search for more topside data. They
have taken the insitu RPA data from the Japanese TAIYO satellite as published in an ISAS
report and have put them into computer accessible form. The TAIYO data are from the solar
cycle minimum period 1974-75 from a low-inclination orbit (30 degrees) in the altitude range
300 to 700 km. The comparison with IRI shows in general very good agreement.

ITEC obtained from Digisondes was discussed by Reinisch and Adeniyi.

Bilitza discussed characteristic points in the topside ionosphere that could be used to anchor the
topside profile: the inflection point (hmin/Nmin) close above the F peak, (2) the height where
the plasma scale height changes.

Comparison of slant TEC and IRI at Palehua (24N, 202E) show underestimation by the model
during daytime and overestimation during nighttime.

Day 5:

On the last day of the activity plans for future work were discussed. The main focus will be on
establishing a table of variability values as a first attempt towards a variability model. It was
decided to take the median and inter-quartile range as the primary indicators of variability.
Mean values and standard deviations can also be used but should be based on data sets from
which magnetically disturbed periods are removed. Statistical studies will be undertaken with
data from stations at mid-latitudes, stations near the crest, and stations close to the magnetic
equator.

Station
Rom, Italy
El Arensillo, Spain
Pruhenice, Czech Rep
San Juan, Argentina
Santiago, Chile
Havana, Cuba
Millstone Hill, USA

Location
mid-lat
mid-lat
mid-lat
mid-lat
mid-lat
mid-lat
mid-lat

Ionosonde
yes
yes
yes
yes
yes
yes
yes

GPS
yes
yes
no
yes
no
no
no

lead
G. Miro
G. Miro
D. Buresova
M. Mosert
M. Mosert
A.Calzadilla
B. Reinisch;
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Conceptione, Chile
Grahamstown, South Africa
Tucuman, Argentina
Shung-Li, Taiwan
Cacheira Paulista, Brazil
Salta, Argentina
Acension Island
Ougadougou, Burkina Faso
Ibadan, Nigeria
Korhogo, Ivory Coast
Jicamarca, Peru
Forteleza, Brasil
Arequipa, Peru
Gabon

mid-Iat
mid-lat
crest
crest
crest
crest
crest
equator
equator
equator
equator
equator
equator
equator

yes
yes
yes
yes
yes
?
?

yes
yes
yes
yes
yes
?

no
?

yes
yes
?
?
?

no
no
no
yes
7

7
7

TBD
TBD
M. Mosert
TBD

TBD
TBD
TBD
J. Adeniyi
J. Adeniyi
0 . Obrou
B. Reinisch
TBD
TBD
TBD

The parameters primarily studied will be the F peak plasma frequency foF2 and height hmF2,
the bottomside shape parameters BO, Bl, and Dl. The monthly variability will be investigated
for four time periods (Local Time: 10-14, 18-20, 22-2, 5-7), two levels of solar activity, and the
four seasons. To get an indication of the changes in variability with height, the monthly
variability will also be studied at 50, 100, and 150 km below the F peak and at 50, 100, 200,
and 300 km above the peak. For heights above the peak the investigations will be based on
Interkosmos 19 and Cosmos 1809 data (S. Pulinets) and on Alouette 1, 2 and ISIS 1, 2 data
(D. Bilitza).

A number of these stations also have TEC measuring capabilities through either the Digisondes
(ITEC) or collocated GPS ground receivers. These data will help to establish representative
variability values for TEC. Another important source for TEC variability studies will be the
global TEC maps established by various groups from the international GPS measurements
(M. Hernandez-Pajares).

Regarding topside modeling for IRI, an effort will be undertaken to develop a height-dependent
correction term for the current IRI model based on the topside sounder data from Alouette and
ISIS (D. Bilitza) and from Interkosmos 19 (P. Coisson, ICTP). This should help to correct the
overestimation at high altitudes and the underestimation at low altitudes. Efforts will continue
to establish characteristic points in the topside profile and to study their global and temporal
variations (e.g., the inflection point above the F peak and the transition height from O+ to light
ions). As a TEC specific issue the influence of the topside profile function (close to the peak)
on the TEC will be investigated in an effort to explain very high measured TEC values that are



difficult to reproduce with topside models. Topside sounder data will be used to investigate the
large TEC values found near the crests of the equator anomaly.

The date for next year's ICTP IRI Task Force Activity was tentatively set to June 24-28, 2002.
A website will be established at ICTP with the papers from the IRI Task Force Activities.
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STUDY OF THE ELECTRON DENSITY VARIABILITY AT FIXED HEIGHTS
OVER SAN JUAN AND TUCUMAN

R.G. Ezquer1A3, M. Mosert w , S.M. Radicella5 and C.A. Jadur6

'CONICET, Argentina
2 Laboratorio de Ionosfera, Depto. de Fisica, Universidad Nacional de Tucumdn,

Independencia 1800, 4000 San Miguel de Tucumdn, Argentina
3 Facultad Regional Tucumdn, Universidad Tecnologica Nacional, Argentina

4 CASLEO, San Juan, Argentina
5 The Abdus Salam International Centre for Theoretical Physics, Italy

6Universidad Nacional de Salta, Argentina

Abstract: The electron density (N) variability at fixed heights in the bottomside N profile over
two Argentinean stations is presented. In this first study different solar conditions and some
seasons are considered. The NHPC and CARP programs were used. The results show that, in
general, for nighttime conditions the variability increases above 250 km. By noon the
variability decreases with increasing the solar activity. At fixed heights, in general, the
variability is larger by night than by day above 220 km.

Introduction

The variability of different ionospheric parameters has been reported in the literature. Mosert
and Radicella (1955) studied the variability of the electron density at fixed heights using data
from South America. They used the Jackson (1971) method to obtain the electron density
profiles.

Using NHPC and CARP programs (Huang and Reinisch, 1996) the variability at fixed
heights is studied in this paper. Data obtained at two Argentinean stations are considered.
The comparison between the N value at a fixed height given by the average electron density
profile and the corresponding standard deviation gives information on the variability.

Data

In this paper we consider data from San Juan (31.5° S, 290.4° E; mag. lat.: -20.1) and Tucuman
(-26.9° S, 294.6° E; mag. lat.: -15.5). They correspond to years of low (1976), middle (1971)
and high (1969-1981) solar activity.



The electron density profiles were obtained using NHPC program. The CARP program
was used to obtain the average N profiles for each of the months considered.

An analysis was done at steps of 10 km of altitude from 100 km up to F2 peak. Ten
days in each month with low magnetic activity were selected.

Results

Figure 1 shows the CARP profile and standard deviation for San Juan, high solar activity,
January 00 and 12 LT. For night, low variability below 250 km of altitude can be seen. At
higher altitudes similar standard deviation values are observed at day and night but, because of
the higher N values at noon, the variability is lower at 12 LT in that region.

Figure 2 shows the results for San Juan 1971, January 00 and 12 LT. Again a very low
variability is observed below 250 km at midnight. Above this height the variability at night is
greater than that corresponding at noon. It can be seen that by noon the variability for middle
solar activity is greater than that for high solar activity.

The results for Tucuman high solar activity, summer solstice are shown in figure 3.
They are similar to those obtained for San Juan.

Figure 4 refers to equinox data from Tucuman for a low solar activity year. Very low
variability is observed below 250 km at 00 LT. The daytime variability in this case is greater
than those showed previously. Again the variability decreases with the solar activity.

In general these results are similar to those obtained by Mosert and Radicella (1995).

Conclusions

The NHPC and CARP programs were used to study the variability at fixed heights over two
Argentinean stations.

The results show that, for nighttime conditions, the variability increases above 250 km.
Low variability is observed below that altitude. By noon the variability decreases with the solar
activity. At fixed heights the variability is larger by night than by day above 220 km.

Taking into account that in this study we considered only data for summer solstice and
October equinox, additional studies including more conditions are needed to confirm these
results.
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SAN JUAN 1981 (HIGH SOLAR ACTIVITY )

CARP PROFILE AND STANDARD DEVIATION (SD)
SAN JUAN - JANUARY 1981 - R12 = 140 - LT: 00
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CARP PROFILE AND STANDARD DEVIATION (SD)
SAN JUAN - JANUARY 1981 - R12 = 140 - LT: 12
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Fig. 1 • Carp profile and those obtained subtracting and adding the standard deviation to N values of
the Carp profile. San Juan, January (summer solstice), high solar activity, midnight and noon.



SAN JUAN 1971 (MIDDLE SOLAR ACTIVITY)

CARP PROFILE AND STANDARD DEVIATION (SD)
SAN JUAN- JANUARY 1971 - R12 = 80.4 - LT: 00

O.OOE+00 4.00E+05 8.00E+05 1.20E+06 1.60E+06
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CARP PROFILE AND STANDARD DEVIATION (SD)
SAN JUAN- JANUARY 1971 - R12 = 80.4 - LT: 12

O.OOE+00 4.00E+05 8.00E+05 1.20E+06 1.60E+06 2.00E+06

N [cmA-3]
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Fig. 2 Carp profile and those obtained subtracting and adding the standard deviation to N v
of the Carp profile. San Juan, January (summer solstice), middle solar activity, midnh
noon.
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Abstract: The electron density at 600 Km of altitude (NÖOO) predicted by IRI are compared with
the measurements for a given particular time and place (not average) obtained with the
Japanese Hinotori satellite. The results showed that the best agreement among predictions and
measurements were obtained near the magnetic equator. Disagreements about 50% were
observed near the southern peak of the equatorial anomaly (EA), when the model uses the
CCIR and URSI options to obtain the peak characteristics.

Introduction

In a previous work Ezquer et al. (1999) checked the validity of IRI (Bilitza, 1990) to predict the
electron density at 600 km altitude (N<soo) in the low latitude region. To this end they used the
Hinotori satellite data published by Watanabe et al (1995) which are average values for two
longitude zones: 285° < long. < 360° and 210° < long. < 285°. For a given longitude zone the
data were separated by magnetic latitude. The results showed that the best agreement among
predictions and measurements were obtained near the magnetic equator. Disagreements about
50% were observed near the peaks of the equatorial anomaly (EA).

The purpose of this paper is to check the validity of IRI to predict N6Oo for a given
particular time (not average) over Tucuman (26.9° S, 294.6° E; mag. latitude: - 15.5), station
placed near the southern peak of the equatorial anomaly, and Huancayo (12.0° S, 284.7° E;
mag. latitute: - 0.7) station placed at the magnetic equator.

Data and Results

Measurements of N6oo obtained with Japanese satellite Hinotori that was launched in 1981
(Watanabe et al., 1995) are used in this paper. The measurements obtained over Tucuman and
Huancayo during the high solar activity period 1981 - 1982, are considered.



Figure 1 shows a comparison among measurements and IRI predictions over Tucuman
when the CCIR option is used to obtain the modelled NmF2 and hmF2. In this figure the
straight line is the first bisector.

It can be seen that, when the experimental values are lower than 0.40 x 106 cm"3, in
general the crosses are near to the straight line and show that IRI overestimates Ngoo for the
lowest values. An underestimation is observed when Neoo is greater than 0.40 x 106 cm"3. It is
important to point out the great dispersion of the crosses in the underestimation zone, for
measurements around 0.65 x 106 cm"3 the predictions range from 0.20 xlO6 cm"3 to 0.55 x 106

cm"3 suggesting that the physical processes occurring in the ionosphere are not correctly
evaluated by the model.

Figure 2 shows the comparison for Tucuman when the URSI option is used for the
modelled values. Similar results to those obtained with the CCIR option can be seen.

The results for Huancayo using CCIR and URSI options are shown in figures 3 and 4,
respectively. They are similar to those obtained for Tucuman. For measured values lower than
0.40 x 106 cm"3 the crosses are near the first bisector and show that, in general, the model
overestimates Neoo- Again IRI underestimates N600 for experimental values greater than 0.40 x
106 cm"3.

Figure 5 shows the percentage of cases with a given absolute deviation among
predictions and measurements for Tucuman. This deviation was calculated using

I (N600 IRI predict. - N600 meas.) / N 600 reas | X 100 (1)

The predictions with CCIR option (IRI- CCIR) were considered. It can be seen that about 45%
of the IRI-CCIR predictions have deviations between 40 and 70%. Adding the three highest
ruling bars the mentioned 45% of cases is obtained. The deviation for Huancayo is shown in
figure 6. Adding the three highest ruling bars it can be seen that, using IRI-CCIR, more than
50% of the predictions have deviations between 20 and 50%. Moreover, the distribution of the
ruling bars shows that the IRI-CCIR performance for this station is better than for Tucuman.

Conclusions

• Disagreements among N6oo measurements and predictions given by IRI-CCIR and ERI-
URSI were observed for the southern peak of the EA and magnetic equator. For
measured values greater than 0.40 x 106 cm"3 the model underestimates the electron
density at 600 km altitude over both stations.

• These results suggest the need of additional studies for other stations and different solar
activity.
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Introduction

The free electrons distributed in the ionosphere (between one hundred and thousands
of km in height) produce a frequency-dependent effect on Global Positioning System
(GPS) signals: a delay in the pseudorange and an advance in the carrier phase. These
effects are proportional to the columnar electron density between the satellite and
receiver, i.e. the integrated electron density along the ray path.

To successfully estimate the electron density vertical profiles, it is necessary to
combine ground and Low Earth Orbiter (LEO) GPS data in order to ensure enough
ray geometry to solve the inverse problem (Hajj et al. 1994, Howe et al. 1998,
Hernandez-Pajares et al. 1998, 2000). When only ground data is used, the vertical
profiles cannot be resolved. Nevertheless, a coarse tomographic model (voxel model)
with only two layers (top and bottom) can be used to diminish the mismodeling -
with regard to the more classical one thin layer model- in the Total Electron Content
(TEC) estimation (Juan et al., 1997, Hernandez-Pajares et al. 1999).

Since June 1st 1998, our group is contributing, jointly with JPL, ESA, CODE
and NRCAN, to an international project to define a common IGS ionospheric (TEC)
product, where daily TEC maps in IONEX format are computed with data gathered
from the permanent ground GPS receivers of the International GPS Service (IGS)
(Feltens and Schaer, 1998, Mannucci et al., 1998).

These ionospheric maps are obtained in our group with a two layer tomographic
(voxel) model solved for each ground IGS station independently, and the IRI model
(Bilitza, 1990) is applied as a reference ionospheric model to carry out the interpo-
lation for the global TEC map. The details of how the IRI helps this TEC global
ionospheric determination will be explained in this paper. The performance of these
ionospheric estimations as compared with TOPEX TEC direct estimations will be
shown as an application.

On the other hand, an exhaustive comparison of the Electron Content estimated
with GPS and the IRI prediction on 23 geomagnetically quiet days distributed over
1991 to 1997, for most of the available IGS stations covering a wide range of geo-
magnetic latitudes, was made in Bilitza et al. (1998). We will extend this analysis,
in the last part of this paper, with data sets close to the solar maximum.
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Model

Geodetic dual frequency GPS receivers usually provide, for each epoch and for each
of the tracked satellites -typically 6 or 7 simultaneously-, codes (Pi and P2) and
carrier phases (C\ and £2) in two L-band frequencies, f\ ~ 1575 MHz and /2 —
1227 MHz, respectively. The codes are noisier than the carrier phases, with large
multipath errors, but unambiguous; and, on the contrary, the carrier phases are
much more precise with error noise of 0.002 m or smaller, but ambiguous.

As was mentioned in the introduction, when the GPS signals travel between the
transmitter position r1' and the receiver position TR they cross regions of the iono-
sphere with densities Ne. Then, if we avoid the code data due to their greater error
noise, the main ionospheric quantity obtained from the dual frequency GPS receiver
data is the ionospheric combination of carrier phases, £/ = C\ — £2, which can be
written in terms of:

rrR(tR)
CI = K- / Ne(f,t)ds + Amb + ei (1)

where K = K [ l / / | - 1//? ] — 1-05 m delay/1017 electrons/m2 and where the error
e/ is assumed to be normally distributed with a£l ~ 0.002m.

The ambiguity term Amb is constant along each data arc of continuous phase
for a given pair of satellite (T) and receiver (R), and can be cancelled by taking
differences of carrier phase referred to the first point of arc. Notice that, in this way,
we avoid the estimation of the differential code biases, with the unique assumption
that they do not change in an arc of continuous carrier phase (typically during less
than 4 hours). More details can be found in Hernandez-Pajares et al. (1999).

Peformance

Monitoring Space Weather events

As mentioned in the introduction, global TEC maps, every two hours, are daily
computed since June 1st 1998. Due to the better performance of the interpolation
guided by the IRI model, since January 1st 2000 it has been adopted by our group in
the TEC computation algorithms. These global TEC maps1 at present form a large
data base which can also be used to study the ionospheric response to Space Weather
events. Figure 1 shows two examples of global TEC maps: for low ionospheric
activity (April 4th 2000 with Kp=1.5) and for high ionospheric activity (April 5th
2000 with Kp=8).

lrThey can be gathered in IONEX format, in a grid of 5 x 2.5 deg in longi-
tude and latitude, from ftp://maite210.upc.es/pub/ionex2/upci'D0Y)0. 'YY'i.Z, and from
ftp://cddisa.gsfc.nasa.gov
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Fig. 1. Global TEC maps for low geomagnetic activity Kp=1.5 (April 4th 2000, from 20 to 22 UT)
and high geomagnetic activity Kp=8 (April 5th 2000, from 20 to 22 UT).

Comparison with TOPEX data

Over the oceans few GPS data are available, and the comparison with TOPEX data
becomes a good test to analyze the accuracy of the TEC estimations far from the
ground stations, checking the goodness of the adopted interpolation scheme.

Figure 2 plots the RMS of the discrepancies between the TOPEX TEC and the
TEC values computed from GPS data and interpolating with (diamonds) or without
(crosses) the help of the IRI model. This comparison has been made for eight days
(between August 28th and September 4th 1998), involving 174 TOPEX passes and
2513 individual TOPEX observations, 138 GPS stations and more than 21,000,000
individual GPS observations. Each point in the plot accounts for 2 hours of TOPEX
track data.

As can be seen, most of the time, the RMS is reduced by approximately 1 TECU
when the IRI model is used to drive the interpolation as a reference model. On the
other hand, the large RMS values over the days 240 to 241 could be associated to
the greater ionospheric activity of this period (see Kp index in figure 2d - bottom
right).

An additional comparison with TOPEX data, between February 21th and May
10th 2000, in a main window of 40x10 degrees around the station chat (Chatham)
in New Zealand at coordinates (A = 183deg, (f> = —44deg), is given in figure 3. The
graph on the left shows a good agreement between the GPS TEC and the TOPEX
TEC in this region. The corresponding results with the IRI predictions are shown
on the right as a reference.
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Fig. 2. Discrepancies between TOPEX and GPS TEC interpolating without IRI (UPCG) and inter-
polating with IRI (UPCI): bias (top left), standard deviation (top right), RMS (bottom left), Kp index
(bottom right).

Using GPS for Monitoring IRI predictions

An analysis of the IRI predictions compared with the GPS estimations between 1991
and 1997 was made in Bilitza et al. (1998) using most of the available IGS stations
in this period, the number which increased from 7 stations in 1991 to 240 in 1997.
At present there are about 500 IGS stations distributed worldwide, which allow a
global and continuous TEC monitoring of IRI predictions with GPS.

A comparison between the TEC estimations and the IRI predictions, at noon and
at midnight for a three month period, close to the Solar Maximum, are given in
figure 4. Each plot corresponds to one different station whose name and coordinates
(longitude, latitude) are given at the top. The Kp index is also given in the plots.

Prom the GPS estimations it is possible to observe a common maximum for all
the stations in the plots, in the first week of April 2000.

Furthermore, the TEC IRI predictions are in good agreement with the GPS es-
timations for middle latitudes. Nevertheless, in the station thul (Thule, Green-
land) at 76 deg. latitude the climatological IRI values are two times higher than
the GPS estimations (these differences are clearly higher than the expected error
(few TECUs) in the TEC estimations with GPS estimations in the voxel model
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Fig. 3. TEC comparison between GPS and TOPEX data (left), and between IRI and TOPEX data
(right). Data set: from February 21th to May 10th 2000.

(Hernandez-Pajares et al. 1999)).

Local fit of IRI with the Sun Spot Number

With GPS data it is possible to perform a local fit of the IRI model by tuning the
Sun Spot Number (SSN), which is one of the parameters that mainly drives the IRI
model. This local fit can be done by using the STEC values obtained directly after
removing the instrumental delays to the ionospheric combination of carrier phase
data, aligned with the code. This provides an alternative way to update the IRI
with GPS data with regards to the approach indicated in the above section, but
without solving the tomographic model.

Figures 5 (a) and (b), top, show the observed STEC (solid line) between station
cagl (Italy) and the satellite PRN01, as a function of UT time, and the STECs
computed from the IRI model with different SSN. Figure 5 (a), left, is for a night-
time, and Figure 5 (b), right, is for a day-time. As can be seen, an optimum SSN
between 50 and 60 can be fitted from these data arcs. The reference value at this
time was 49.

Figure 5 (c), bottom left, shows the discrepancies between the optimum (fit)
SSN and the reference SSN, computed for all the tracked satellites in 24 hours,
for a worldwide distributed set of stations during June 1st 1998. It appears as an
underestimation of the TEC for several stations mainly in the north of America and
Europe, with mean SSN-optimum above the reference value, and an overestimation
of the TEC in the other stations. Figure 5 (d), bottom right, shows the standard
deviation of the SSN values fitted from the STEC of the different satellites in view
from each station.
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Conclusions

Global ionospheric TEC maps can be obtained with GPS data from a network of
ground IGS reference stations with an accuracy of few TEC units. The comparison
with the TOPEX TEC, mainly measured over the oceans far from the IGS stations,
shows a mean bias and standard deviation of about 2 and 5 TECUs respectively.
The discrepancies between the STEC predictions and the observed values show an
RMS typically below 5 TECUs (which also includes the alignment code noise).

The existence of a growing database 2-hourly global TEC maps and with resolution
of 5x2.5 degrees in longitude and latitude can be used to improve the IRI prediction
capability of the TEC. When the IRI predictions and the GPS estimations are
compared for a three month period around the Solar Maximum, they are in good
agreement for middle latitudes. An overdetermination of IRI TEC has been found
at the extreme latitudes, the IRI predictions being, typically two times higher than
the GPS estimations.

Finally, local fits of the IRI model can be done by tuning the SSN from STEC
GPS observations.
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for 2000.
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IONOPSHERIC DATA FOR TWO SOLAR CYCLES AVAILABLE ONLINE
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Abstract: We report about a project that has as its goal to make a large volume of ionospheric
satellite insitu data from the sixties, seventies and early eighties easily accessible for public use.
The original data exist in various machine-specific, highly compressed, binary encoding on 7-,
or 9-track magnetic tapes. The intent is to decode the data format and convert all data sets to a
common ASCII data format and add solar and magnetic indices for user convenience. The
original intent of producing CD-ROMs with these data has meanwhile been overtaken by the
rapid development of the internet. Most users now prefer to obtain the data directly online and
greatly value web-interfaces to browse, plot and subset the data. Accordingly, the focus has
shifted to making the data available online on the anonymous ftp site of NASA's National
Space Science Data Center (NSSDC) at ftp://nssdcftp.gsfc.nasa.gov/spacecraft data/ and on the
development of a web-interface (ATMOWeb, http://nssdc.gsfc.nasa.gov/
atmoweb/) to help users study the data and select interesting time periods. The data considered
by this project include data sets from the Alouette 1, BE-B (Explorer 22), Alouette 2, DME-A
(Explorer 31), AE-B (Explorer 32), AE-C, -D, -E, OGO-6, ESRO-4, ISIS-1, -2, AEROS-1, -2,
Taiyo, ISS-b, Hinotori and DE-2 satellites. The data are primarily electron and ion densities and
temperatures measured by Langmuir Probes (LP), Retarding Potential Analyzers (RPA), and
Ion Mass Spectrometers (IMS) flown on these satellites. The time resolution of the
measurements is typically seconds to minutes.

This data base covering almost two solar cycles (Figure 1) is a unique asset for studies of the
variation and variability of ionospheric parameters. It will be an important element in the quest
for a better understanding of ionospheric plasma processes and for improved predictions of
ionospheric Space Weather. Current models are still very limited in their predictive capabilities
especially at equatorial and auroral latitudes. Better descriptions of the seasonal, solar cycle,
and magnetic stormtime variation patterns are expected with the usage of our multi-satellite
data base. The data will be also a valuable resource for updating ionospheric models with
measured parameters for these earlier time periods. This data restoration project is supported
through a grant from NASA's Applied Information Systems Research Program (AISRP).
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Introduction

Data for a wide range of geophysical conditions are an essential prerequisite for more accurate
ionospheric predictions for systems and applications affected by space weather. We report
about an AISRP-funded project to make a large volume of ionospheric data from the sixties and
seventies (see Table 1 and Figure 1) available online. We will also describe a web-based
interface developed for browsing and downloading the data.

Data Sets

The status of the different data sets considered for this project is listed in Table 1. The data
were originally in a highly compressed machine-specific binary format (IBM, UNIVAC,
others) on 7- and 9-

TABLE1. Project Data Sets

Satellite

BE-B
Alouette-2
DME-A
AE-B
Ariel-3
ISIS-1
OGO-6
ISIS-2
Ariel-4
ESRO-4
AEROS-A
AE-C (UA)

AEROS-B
AE-D
(UA)
AE-E (UA)

ISS-b
Hinotori
DE-2 (UA)

A
A
A

A
A

A
A

A

A

A
A

Instrument

LP
LP
LP, (MS)
IMS
LP,RPA
LP
IMS
LP,IMS
LP
LPs
RPA
LP, RPA,
IMS, more
RPA, IP
LP, RPA,

IMS, more
LP, RPA,

IMS, more
RPA, IMS
RPA
LP, RPA,

more

Time Period/
ddmmyy
10/10/64 - 26/08/67
21/02/66 - 12/05/67
29/10/65 - 20/08/68
09/06/66 -17/01/67

5/67 - 10/67
30/01/69-01/06/71
12/06/69-31/12/70

4/71 - 3/73
12/71 - 12/73
11/72- 4/74

03/01/73 - 03/08/73
16/12/73-11/12/78

7/74 - 9/75
06/10/75 - 29/01/76

01/12/75-06/06/81

8/78 - 3/80
23/02/81 - 19/06/82
06/08/81 -15/02/83

Height Range/
km
900-1100
500 - 3000
500 - 3000
280 - 2700
500 - 600
550 - 3500
400 - 1000
1400
500 - 600
250 -1200
250 - 850
150-350

250 - 850
150- 3000

150-450

950 -1200
550 - 600
300 -1000

Inclin./
degree
80
80
80
65
80
88
82
88
83
91
97
68

97
90

20

69
31
90

Volume/
MByte

A3
3.9
6.4
4.6

14
260
180

48
296

52

170

137
244
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LP=Langmuir Probe, RPA=Retarding Potential Analyzer, EvIS=Ion Mass Spectrometer
A = available on ATMOWeb
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Fig. 1. Time-altitude coverage of the different data sets. Also included is the 12-month running mean
of sunspot number indicating the almost two solar cycles covered by the combined data base.

track tapes with little or no documentation. The data were decoded and converted to ASCII and
magnetic and solar indices were added. The magnetic dip and the Mcllwain L-shell value were
computed using the International Geomagnetic Reference Field (IGRF). Fill values were added
for all out-of-range values. BE-B (Explorer 22), Alouette 2, DME-A, and ISIS-1 LP data (PI:
Larry Brace) were processed in this way and are now available online. Also available are ion
densities measured by the IMS instruments on AE-B (Explorer 32, PI: H.C. Brinton) providing
O \ BT, He+, and N+ densities, and from the OGO-6 IMS (PI: H.A. Taylor, Jr.) providing O+,
N2

+, NO+, O2
+, IT, He+, and N+ densities. From AEROS-A the online archive includes the data

from the RPA (PI: K. Spenner) and Impedance Probe (PI: E. Neske). The Ariel 1, 3, and 4 LP
data are also under consideration for being added to the data base. We are able to read the tapes
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but have problems deciphering their content. Assistance from colleagues knowledgable about
these instruments and data would be greatly appreciated. We are currently in the process of
adding the LP and IMS data from the ISIS-2 satellite mission and also the ISS-b IMS data (PI:
I. Iwamoto). In addition the data base already includes the Plasma Probe data from Hinotori
(PI: K. Oyama) and the 16-second merged mission data (Unified Abstract, UA) from AE-C, -D,
-E, and DE-2.

Interface for Browsing and Plotting the Data

The ATMOWeb is a WWW-based retrieval and browsing interface to online data. It was
developed using C/C++ and PERL. The graphical capabilities are based on IDL running on the
NSSDC Web-server, and (for some spacecraft) on Java applets, which are built into the Web
Home Page and dynamically created by the C-based script. ATMOWeb accesses the
atmospheric/ionospheric data stored in NSSDC's anonymous ftp archive at
nssdcftp.gsfc.nasa.gov. ATMOWeb provides data listing and plotting options. This allows the
user to display and then to download (using the Web browser's capabilities) a subset of the data
by specifying the time interval and any combination of parameters for each of the spacecraft.

Two new important capabilities were recently implemented: (1) The ability to generate scatter
plots of any two data set parameters, and (2) the ability to constrain with minimum and
maximum values any one of the data set parameters. This lets users generate plots for their
specific study objectives. The new capabilities are currently only implemented for the OGO-6
data. Figure 2 shows an example time series plot created with the standard ATMOWeb
interface and Figure 3 shows a scatter plot created using the new capabilities.
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Fig. 2. ATMOWeb panel plots of OGO-6 data showing H+, He+, N+, and 0+ densities using an altitude
filter of 900 to 1100km for March 5, 1970.

Acknowledgements. This data restoration effort was support through NASA's Applied
Information Systems Research Program (AISRP) grant NAG5-8264.
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IMPROVEMENTS AND NEW FEATURES IN THE IRI-2000 MODEL
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Abstract: This paper describes the changes that were implemented in the new version of the
COSPAR/URSI International Reference Ionosphere (IRI-2000). These changes are: (1) two
new options for the electron density in the D-region, (2) a better functional description of the
electron density in the E-F merging region, (3) mclusion of the Fl layer occurrence probability
as a new parameter, (4) a new model for the bottomside parameters Bo and Bi that greatly
improves the representation at low and equatorial latitudes during high solar activities,
(5) inclusion of a model for foF2 storm-time updating, (6) a new option for the electron
temperature in the topside ionosphere, and (7) inclusion of a model for the equatorial F region
ion drift. The main purpose of this paper is to provide the IRI users with examples of the
effects of these changes.

1. Introduction

The International Reference Ionosphere (IRI) is a widely used standard for the specification of
ionospheric parameters and is recommended for international use by the Committee On SPAce
Research (COSPAR) and the International Union of Radio Science (URSI). IRI was developed
and is being improved/updated by a joint working group of URSI and COSPAR. The
objectives are described in the terms of reference of the working group: (1) The task group was
established to develop and improve a standard model of the ionospheric plasma parameters
(electron and ion densities, temperatures, and velocities). The model should be primarily based
on experimental evidence using all available ground and space data sources; theoretical
considerations can be helpful in bridging data gaps and for internal consistency checks.
(2) Where discrepancies exist between different data sources, the IRI team should promote
critical discussions to establish the reliability of the different data bases. (3) IRI should be
updated as new data become available and as old databases are fully evaluated and exploited.

The working group consists of a team of experts representing different countries, different
measurement techniques, and different modeling groups. Currently, the roster includes 43
scientists: M. Abdu (Brazil), J. Adeniyi (Nigeria), A. Alcayde (France), D. Anderson (USA),
K. Bibl (USA), D. Bilitza (USA, Chair), P. Bradley (UK), A. Danilov (Russia), V.K. Depuev
(Russia), P. Dyson (Australia), R. Ezquer (Argentina), M. Friedrich (Austria), T. Fuller-
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Rowell (USA), T. Gulyaeva (Russia), S. Gupta (India), R. Hanbaba (France), X. Huang (USA),
K. Igarashi (Japan), G. Ivanov-Kholodny (Russia), E. Kazimirovsky (Russia), P. Kishcha
(Russia-Israel), E. Kopp (Switzerland), I. Kutiev (Bulgaria), K. Mahajan (India), L.-A.
McKinnell (South Africa), A. Mikhailov (Russia), A. Mitra (India), M. Mosert de Gonzalez
(Argentina), K. Oyama (Japan,Vice-Chair COSPAR), A. Poole (South Africa), S. Pulinets
(Russia), S. Radicella (Italy-Argentina), K. Rawer (Germany), B. Reinisch (USA,Vice-Chair
URSI), M. Rycroft (UK), W. Singer (Germany), J. Sojka (USA), I. Stanislavska (Poland), L.
Triskova (Czech Republic), V. Truhlik (Czech Republic), B. Ward (Australia), S. Watanabe
(Japan), V. Wickwar (USA), P. Wilkinson (Australia), and B. Zolesi (Italy).

Progress of the various improvement efforts is discussed during annual IRI workshops.
Papers from these meetings are published in Advances in Space Research. In addition an
annual IRI Task Force Activity at the Abdus Salam International Centre for Theoretical
Physics (ICTP) in Trieste, Italy has been very successful in improving the IRI bottomside
electron density profile (Radicella et al., 1998) and is now focusing on the topside ionosphere.
Summary reports from the IRI meetings and general information about the IRI project are
available from the IRI homepage at http://nssdc.gsfc.nasa.gov/space/model/ionos/ iri.html. An
IRI Newsletter is published quarterly (K. Oyama, editor). Information about model updates is
provided through an electronic mailer (see IRI home page). The newest version of the model,
IRI-2000, was presented by Bilitza (2001). This article provides a more detailed description of
the various changes.

2. D Region Electron Density

The lowest region (D region) is characterized by large variability and a very small database.
The only data source are rocket experiments, because the region is too low for satellites and
the densities are too low for ground ionosondes and radars. IRI 2000 includes two new options
for the description of D region electron densities, reflecting the large uncertainties that still
exist in this region. Option 1 is the current D region model that was developed by Mechtley
and Bilitza (1974; see also Bilitza, 1981) on the basis of a rather limited set of representative
rocket data.

Option 2 is the model by Friedrich et al. (2000). Friedrich and Torkar (1998) have
compiled a database of the most reliable D region rocket data (-200 profiles) and experimented
with different modeling approaches, always including the strong dependence on solar zenith
angle and considering to various degrees dependencies on season, latitude, solar activity, and
neutral density and even an extension to high latitudes (Friedrich and Torkar, 1995). Their
most recent modeling concept (Friedrich et al., 2000, Friedrich and Torkar, 2001) combines the
rocket data with the results of a theoretical model. The model is exclusively based on reliable
rocket data and exists as a number of tabulated profiles. Model profiles are obtained by
suitably interpolating using the user-specified zenith angle, latitude, season, and solar activity.

Option 3 is the model of Danilov et al. (1995) that provides users with an estimate of the
changes observed in the D region during disturbed conditions for winter daytime conditions.
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Although their rocket database is quite limited in volume, they find that the data can be
grouped into four distinct classes using the following criteria: (1) weak winter anomaly (WA)
defined by an increase of the absorption in the 2-2.8 MHz range at short A3 paths by 15 dB,
(2) strong WA defined by an increase of 30 dB, (3) weak stratospheric warming conditions
defined by a temperature increase at the 30 hPa level by 10 degrees, and (4) strong
stratospheric warming conditions defined by an increase of 20 degrees. Temperature data for
post-event analysis can be found in the "Beilage zur Berliner Wetterkarte" published by Karin
Labitzke and her group.

Examples of D- region profiles with the different options are shown in Figures 1 and 2
during daytime for winter and summer conditions, respectively. All models exhibit the
characteristic inflection point at about 80 km that marks the transition from molecular to
cluster ions. The Mechtley-Bilitza and Friedrich-Torkar models differ by about a factor of 4 at
this height. The undisturbed Danilov-Smirnov model is closest to the Mechtley-Bilitza model.
WA and SW conditions occur only in winter and a "Strong WA" can result in an increase of a
factor of 10 at 80 km and a "Strong SW" in a decrease of about a factor of 2 at 80 km.

3. Improved Functional Description of Transition Region

The IRI electron density profile in the F region is normalized to the F peak density and height
and the density in the E region to the E peak density and height. A merging algorithm is used to
join the two profile parts. The transition region extends from the top of the E valley to the
bottom of the Fl layer. The current formalism could lead to discontinuities or artificial valleys
under conditions when merging was particularly difficult to accomplish, because of large
differences between E and F peak densities and/or small differences between the E and F peak
heights. A better functional description for the merging region was developed by Reinisch and
Huang (1999). The new algorithm overcomes these problems and provides a much better
representation of profile shapes observed by ionosondes (see examples in Figures 3 and 4).

4. Fl Occurrence Probability Added

As a new parameter IRI-2000 includes the probability for the occurrence of an Fl layer
(percentage of days per month for which an Fl layer is expected). IRI uses the DuCharme et
al. (1971,1973) model that, on the basis of the long ionosonde data record, describes the Fl
plasma frequency, foFl, in terms of solar zenith angle, magnetic latitude, and solar activity
(R12, 12-month running mean of sunspot number). The model also provides a criterion for the
occurrence of an Fl layer by specifying the cutoff limiting solar zenith angle beyond which it
cannot occur; this cutoff angle varies with RI2 and magnetic latitude. A better description of the
occurrence statistics of the Fl layer was recently developed by Scotto et al. (1997, 1998) based
on the large volume of ionosonde data available from the US National Geophysical Data
Center on CD-ROM. They found that the IRI model described the measured foFl values quite
well but underestimated the time span (diurnal and seasonal) for which the Fl layer is
observed. Their model describes the variations in terms of solar zenith angle, solar activity,
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and geomagnetic latitude and provides a better match with the data. In addition it provides an
option to include cases of L condition. Ionograms often exhibit a Fl ledge rather than a fully
developed cusp, primarily during the time period just before the Fl layer disappears. These
cases are described as L condition according to the URSI standard nomenclature. Figures 5 and
6 show examples of the diurnal variation of the Fl occurrence probability as observed by the
ionosonde in Tucuman, Argentina and as given by the old and new IRI model.

5. New BO and Bl Models

A new table of values was assembled for the two parameters, Bo and Bi that determine the
bottomside thickness and shape, respectively (Bilitza et al., 2000). Currently, IRI has two
options for the thickness parameter Bo: (1) a set of values based on data from a few
representative ionosonde stations, and (2) a formula for the half-density height ho.s developed
by Gulyaeva (1987) based on mostly mid-latitude ionosonde data; ho.s is the altitude where the
bottomside profile has dropped down to half the F2 peak density. A number of studies has
shown the shortcomings of both options, in particular, an underestimation of Bo measurements
from ionosondes and incoherent scatter radars at low and equatorial latitudes. Figures 7 and 8
document the improvement obtained with the new Bo model at equatorial latitudes for daytime
and nighttime conditions particularly during high solar activity. In Figures 9 and 10 the effect
of this improvement on the total electron content (TEC) computed with IRI is shown in
comparisons with measured values.

6. Description of F Peak Storm Effects

The major change for the F peak density in IRI 2000 is the description of the ionospheric
effects of magnetic storms. Developing an algorithm for the updating of IRI parameters during
storm-time conditions has long been a high priority of the IRI team. Fuller-Rowell et al. (1999,
2000) have now used the long data record from ionosonde measurements to establish a first-
order model for the description of ionospheric storm effects. Their model captures the most
obvious, long-lived, coherent feature of the ionospheric response to a geomagnetic storm,
which is the deep ion depletion ("negative phase") that typically develops in the summer
hemisphere during the driven phase of a storm and persists well into the recovery phase. The
magnetic index applied is the integral over the ap index over the previous 30 hours with a
weighting function deduced from physically based modeling. In Figure 11 the storm-to-quiet-
time foF2 ratio is plotted for several ionosonde stations and compared with the model
predictions for the April 5-9, 2000 storm. The model provides a good first estimate of the
storm-induced depletion of F region electron density. This is also shown in Figure 12 for a
1997 storm event. Without the storm model IRI would overestimate the observed foF2 by a
factor of 1.5 to 2.
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7. New Option for Electron Temperature

As a major improvement the IRI electron temperature model will now incorporate the height-
specific models developed by Truhlik et al. (2000) and Triskova et al. (1996) based on data
from three Intercosmos satellites. This will help to overcome shortcomings of the current IRI
model in the description of the diurnal variation in the topside and help to overcome seasonal
and solar cycle limitations of the earlier used database. The most notable changes will be found
in the upper topside, where the present model was limited to a simple day-night transition and
did not reproduce the early morning and afternoon peaks seen in the satellite data (see Figure
13).

8. Ion Drift for Equatorial F Region

IRI 2000 will include the equatorial F region vertical drift model developed by Scherliess and
Fejer (1999) based on radar and satellite data. Their model depends on local time, longitude,
season, and solar activity and describes well the characteristic diurnal features (maximum
around noon and post-sunset pre-reversal spike) and their longitudinal, seasonal, and solar
cycle differences. Inclusion of this model in IRI should be of help in the pursuit of a better
understanding of the processes that shape the equatorial ionosphere and of the representation
of this critical region in IRI. The pre-reversal peak in equatorial vertical drift results in a
similar peak in the F peak height (hmF2) as shown in Figures 14 and 15. This feature is
currently not reproduced in the M3000-based IRI hmF2 model. A correlation with the new ion
drift model may help to overcome this shortcoming.

Acknowledgments. The author acknowledges the many, many individual efforts worldwide
that have led to the significant improvements of the IRI model and that are now included in
IRI-2000. The author's IRI work was partially supported through NSF grant ATM-9713469
and INT-0002144.
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[dotted line] for conditions of stratospheric wanning [triangles] and for Winter Anomaly [diamonds].
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IRI PROFILE PARAMETERS AT EQUATORIAL LATITUDES

Bodo W. Reinisch, Xueqin Huang and Jason Conway
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Lowell, USA

Abstract: The IRI bottom-side electron density profile is specified as a function of three
parameters BO, Bl, and Dl describing the F2 layer thickness and shape, and the shape of the Fl
layer, respectively. Together with the URSI or CCIR coefficients for the F2 layer peak density
and height, they completely specify the profiles as function of time, season and solar activity.
In support of the international effort of determining the best set of parameters we have analyzed
the diurnal variations of BO, Bl, and Dl for Jicamarca for high solar activity during 1999 and
2000 for different seasons and magnetic activity (Figures 1 to 5). The BO values vary from a
minimum of -95 km at 0300 LT to ~250 km at local noon (1700 UT). The diurnal variation
(Figure 1) is similar to the IRI2000 prediction (Figure 2). Bl varies from -1.9 at daytime to
-2.2 at night. The value of Dl is -0.5. The parameters show little Kp dependence. Standard
deviations are shown in Figure 6.

We calculated the ionospheric total electron contents for March and April 1998 from
the ionogram profiles at Jicamarca and compared them with IRI predictions using the IRI 2000
parameters (Figure 7). While there is fair agreement, a significant time shift of 1 to 2 hours
occurs in the transition from night to daytime values.
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THE Dl PARAMETER FOR THE EQUATORIAL Fl REGION

J. O. Adeniyi1 and S. M. Radicella2
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Abstract: This work is a contribution to the effort at improving the representation of the Fl
equatorial ionospheric region in the International Reference Ionosphere (IRI) model. The Dl
parameter has been proposed for describing the Fl layer. We have therefore produced a maiden
table of Dl parameter for an equatorial station. Diurnal and seasonal effects were considered.

Introduction

The Fl layer has been shown to be a persistent daytime feature of the equatorial ionosphere
particularly at low solar activity (Adeniyi and Radicella 1997). The critical frequency of the Fl
layer is fairly well predicted by the International Reference Ionosphere (IRI) model (Bilitza 1990).
The peak height and shape of this ionospheric region is not however well represented by the model
(Adeniyi, 1996). Reinisch and Huang (2000) have shown how the Fl layer may be redefined in
order to give a better representation in the IRI model. This was done by introducing the Dl
parameter for the Fl layer. In this paper, we attempt to characterize the Dl parameter for an
equatorial station in the African sector. This is the first time such a work is being carried out.

Data and method of analysis

The ionograms used for this study were recorded at Ouagadougou, Burkina Faso (Geographic
latitude 12.4°N, longitude 1.5°W, dip 5.9°N). Fifteen days record from each of the months of
January, April, July and October 1995 a year of low solar activity (Rz=24) were considered.
Magnetic storm days were excluded from the days chosen. The NHPC software developed by
(Huang and Reinisch, 1996) was used for the ionogram inversion. This program calculates the
parameter Dl along with other ionospheric parameters for each of the ionograms inverted.
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Results

Table 1 show the values of average Dl obtained for each of the months considered. The standard
deviation (STDEV), percentage deviation (%DEV) from the mean and the number (N) of Dl
parameters used to calculate average Dl are shown in the table. The average value of Dl ranges
from 2.5 to 1.6. Percentage deviation from the mean varied from 0 to 38 percent. The value is
however not greater than 20 percent most of the time.

The range of variation during the day is lowest in October when Dl seem to remain
constant. During the other months, there is a tendency for Dl at the early and later part of the day
to be higher than the midday value.

Conclusion

The Dl parameter for this station does not show a very strong diurnal or seasonal variation. The
average value is 1.97. Obtaining a table of Dl parameter for the various latitudinal regions as was
done for BO, and Bl (Bilitza et al, 2000) will go a long way in improving the representation of the
Fl layer in the IRI model.
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TABLE 1: 1995 AVERAGE Dl PARAMETER

JANUARY APRIL

LT
8
9

10
11
12
13
14
15
16
17

LT
8
9

10
11
12
13
14
15
16
17

Dl

2.4
2.0
1.8
1.7
1.7
1.6
2.2
2.2

JULY

Dl
2.5
1.8
1.8
1.8
1.9
2.2
2.2
1.8
1.9
2.5

STDEV

0.2
0.4
0.4
0.3
0.4
0.2
0.2
0.2

STDEV
0.0
0.5
0.5
0.3
0.3
0.3
0.3
0.3
0.3
0.0

%DEV

8
19
23
16
23
13
10
10

%DEV
0
28
28
17
16
14
14
17
16
0

N
-
5
14
15
13
15
13
15
5
-

N
5
14
15
13
12
14
14
14
11
2

LT
8
9

10
11
12
13
14
15
16
17

LT
8
9

10
11
12
13
14
15
16
17

Dl
2.5
1.7
1.6
1.7
1.8
1.9
2.0
2.0
2.1

OCTOBER

Dl

2.0
1.9
1.9
1.9
2.0
1.9
2.0

STDEV
0.0
0.3
0.6
0.2
0.3
0.4
0.5
0.3
0.3

STDEV

0.3
0.3
0.3
0.3
0.4
0.2
0.3

%DEV
0
18
38
12
17
21
25
15
14

%DEV

15
16
16
16
20
11
15

N
2
14
15
14
14
15
15
15
6
-

N
-
9
13
10
14
14
15
8
-
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VARIABILITY IN EQUATORIAL BO AND Bl
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Abstract: Variability of ionospheric profile parameters BO and Bl, below the F2 peak is
investigated for an equatorial station at two levels of solar activities. The whole 24 hours of the
day and the four seasons of the year are covered. Absolute and relative variability indices were
utilized in the study. Some evidences of correlations of variability index and profiles
parameters were observed. Daytime values of relative variability in Bl at solar minimum were
found to be greater than those of solar maximum.

Introduction

BO and Bl are the parameters which determine the thickness and shape characteristics of
ionospheric true height electron density profile below the F2 peak. Diurnal variations of BO and
B1 in equatorial and low latitudes, for the different seasons and at low and high solar activity
have been investigated (e.g. Adeniyi and Radicella, 1998a, 1998b; Adeniyi et al., 2000; Sethi et
al. 2000, Zhang et al. 2000). A new table of B0 and Bl has been deduced for use in the IRI
model (Bilitza et al., 2000). Good variability indices are usually very useful for users in
estimating the prediction capability of a model. In this paper, we investigate variability in B0
and Bl for Ouagadougou, Burkina Faso (Geographic latitude 12.4°N, longitude 1.5°W, dip
5.9°N). The period covered is 24 hours of the day for the months of January, April, June/July
and October in the years 1991 (Rz=146) and 1995 (Rz=18). These months represent December
solstice, March equinox, June solstice and September equinox respectively. For the year 1991,
ten days ionograms in each of the months considered were used while 15 days ionograms were
used in the corresponding months of 1995. Both standard deviation (absolute variability) and
percentage deviation from the mean (relative variability) were used as indices of variability for
this work

Results

1. Variability in B0
(a) Absolute variability
The results for absolute variability in B0 at low and high solar activities are shown in figures la
and lb respectively. Figures 2a-d show the comparisons of absolute variability at high and low
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solar activities. At low solar activity, absolute variability during daytime hours (0900-1800 LT)
is higher than at other hours (1900-0800 LT) of the day (figure la). The diurnal variation is
similar to that of B0 itself (figure lc) and is the same during all the seasons at this solar activity
period. At high solar activity, the diurnal variation of absolute variability (figurelb) differs
from that at low solar activity. This is more evident in figures 2a-d. Absolute variability at night
are sometimes as high as that of the daytime hours except during the march equinox when the
diurnal trend is similar to that of low solar activity (figure 2b). The similarity observed at low
solar activity between absolute variability and B0 itself is not present at high solar activity
(figures lb and Id). Minima in absolute variability of B0 occur around 0600-0800 hour LT and
2100-2300LT at both high and low solar activities (figures la and b and 2a-d). There seems to
be no strong seasonal effects on the values of absolute variability of B0 at both solar activities.
At all seasons except during the December solstice (January), absolute variability at low solar
activity is higher than that of high solar activity between 0800 and 1000 LT. Outside this time
interval, there is a tendency for absolute variability at high solar activity to be higher that that at
low solar activity most of the time (figures 2a-d).

(b) Relative variability
Figures 3a and b show the results of relative variability of B0 at low and high solar activities
respectively. Relative variability during the two solar activities shows no strong diurnal effects.
The range of variation during the daytime and at nighttime is about the same. Seasonal effects
are also not very strong. The comparisons of relative variability at low and high solar activity
are shown in figures 4a-d. When a significant difference exists between the two, the tendency is
for the relative variability at low solar activity to be higher than that of high solar activity.

2. Variability in Bl
(a) Absolute variability
Figures 5a and b show the results of absolute variability in Bl, at low and high solar activity
respectively. At low solar activity, the values of absolute variability between 1600 and 0100 LT
are generally lower that those outside this period. This is true for all the seasons apart from the
June solstice. At high solar activity, the values of absolute variability between 0900 and 1900
LT are lower than those outside this time period (figure 5b). Absolute variability between 0900
and 1900 LT assumed almost a constant value. These trends are the same for all the seasons of
high solar activity. The diurnal variation of absolute variability in Bl is very similar to that of
Bl itself shown in figure 5d. This similarity between absolute variability in Bl and Bl itself at
low solar activity (figure 5c) is not as strong as that observed at high solar activity. The
comparisons between absolute variability in Bl at high and low solar activities are shown in
figures 6a-d. Absolute variability in B1 at low solar activity is higher than that of high solar
activity. The result is true for all the seasons.
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(b) Relative variability
The results for relative variability in B1 are presented in figures 7 and 8. At low solar activity
(figure 7a) relative variability during the daytime (0600-1800) is higher than that of the
nighttime most of the time at all seasons. At high solar activity, the case is reverse. Relative
variability at nighttime is higher than that of the daytime most of the time in all the seasons.
The diurnal variations of relative variability in B1 follow the same pattern as those of the
corresponding ones of absolute variability.

Figure 8a-d show the comparisons between relative variability at high and low solar
activity. Generally, at all seasons, relative variability at low solar activity is higher than that of
low solar activity. The differences between the two at all seasons are more prominent during
daytime than during the night.

3. B0, Bl and Variability index
Diurnal variation of absolute variability in B0 at low solar activity follows closely that of B0
itself, as mentioned under la above. A similar observation was made between Bl and
variability in B1 at high solar activity. For this reason, we examine the correlation between B0,
B1 and their respective absolute variability. The values of the correlation coefficient R between
these profile parameters and their respective absolute variability are shown below. All the
values of variability indices and their corresponding profile parameters for all the seasons were
used for the computations

Solar activity profile parameter R

B0 0.84
LOW

Bl 0.64

B0 0.55
HIGH

Bl 0.94

The correlation coefficient between B0 at low solar activity, B1 at high solar activity and their
respective absolute variability are quite high. The correlation between B0 at high solar activity
and its absolute variability has the lowest value but it is all the same greater than 0.5. These
results indicate that a linear relationship exists between this variability index and the profile
parameters themselves. Figures 9a-d show the regression lines, and equation, along with the
regression coefficients R2, of both B0 and B1 at both high and low solar activities.
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Discussion and conclusion

Daytime values of absolute and relative variability in Bl at solar minimum are higher than
those of solar maximum. This is very likely due to the presence of Fl layer at solar minimum
during the daytime. Bl is a shape factor of the F region and the presence of the Fl layer in a
fully developed form will obviously increase the variability of the shape of the F region
electron density profile. This point is also consistent with the fact that percentage deviation of
Bl from the mean value is consistently greater than that of BO at low solar activity. The linear
correlation observed in this study between variability indices and the profile parameters Bl and
BO may provide a model for the prediction of their variability. The reliability of such a
prediction will however depend on how high the correlation coefficient is.
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Figure Captions

Figure 1. Diurnal and seasonal variation of absolute variability in BO at (a) low and
(b) high solar activity.
Diurnal and seasonal variation of BO at (c) low and (d) high solar activity.

Figure 2. Comparisons between absolute variability in BO at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 3. Diurnal and seasonal variation of relative variability in BO at (a) low and
(b) high solar activity.

Figure 4. Comparisons between relative variability in BO at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 5. Diurnal and seasonal variation of absolute variability in Bl at (a) low and
(b) high solar activity.
Diurnal and seasonal variation of B1 at (c) low and (d) high solar activity.

Figure 6. Comparisons between absolute variability in Bl at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 7. Diurnal and seasonal variation of relative variability in Bl at (a) low and
(b) high solar activity.

Figure 8. Comparisons between relative variability in Bl at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 9. Regression coefficients and Linear regression line between
(a) absolute variability in BO and BO.
(b) absolute variability in B1 and B1 at low solar activity.
(c) absolute variability in BO and BO.
(d) absolute variability in B1 and B1 at high solar activity.
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Abstract: Investigation on the variability of foF2 at an equatorial station in the African continent
was undertaken. The analysis included diurnal, seasonal and solar cycle effects on both absolute
and relative variability. The trends in the behavior of absolute variability are different from those of
relative variability.

Introduction and method of analysis

In this paper, we investigate the variability of foF2 for Ouagadougou (Latitude 12.4°N, Longitude
1.5°W), an equatorial station. Both percentage deviation and standard deviation of foF2 from the
mean were used as the indices of variability. Seasonal and solar cycle effects were considered. The
data employed are those of January, April, July and October of 1991 (Rz=146) and 1995 (Rz=18).
The foF2 data used are from monthly tables of routinely scaled parameters for the station. All
hourly foF2 data available on all the days of the month under consideration were used to compute
hourly averages and their corresponding standard deviations. The percentage deviation is the ratio
of the standard deviation to the corresponding mean, multiplied by a hundred.

Results

The usual general diurnal and seasonal features of equatorial foF2 can be observed in figures la
and b. A comparison of these figures also reveal solar cycle effects. These features have been well
documented over the years.

Figures 2 a-d show the result of the variability, indicated with standard deviation, for both
high and low solar activities. Generally variability at high solar activity is greater than that of low
solar activity during most part of the daytime, (0600-1800). This is true at all seasons except at the
September equinox where the reverse is the case between 1000-1600. During the nighttime,
variability did not show a consistent pattern except again in September equinox when the
variability is higher at high solar activity.
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The result for relative variability is shown in figures 3 a-d. Relative variability during the daytime
0700-1800 is much lower than that of the nighttime at all seasons and for both solar activity
periods. Relative variability during this period of the day did not exceed 15 percent. There is the
tendency for relative variability at night during low solar activity to exceed that at high solar
activity.

Conclusion

Variability study of foF2 has been previously carried out using data from Ibadan, another
equatorial station in the African continent (Adeniyi et al., 1995). The variability index used for that
study was average deviations of foF2 from its median values. In that study, solar cycle effects were
not as pronounced as that observed in this study but seasonal effects were stronger than that
observed in the present study. The differences are obviously due to the difference in the variability
indices used for the two investigations.

In the current study, the trends in the behavior of absolute variability are different from
those of relative variability. These results indicate that the index one chooses to use to describe
variability pattern should depend on what the user intends to do with the foF2 parameter.
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Figure Captions

Figure 1. Average diurnal variation of foF2 for the four seasons of the year at
(a) high solar activity and
(b) low solar activity.

Figure 2. Absolute variability in foF2 at high (1991) and low (1995) solar activity during
(a) December solstice,
(b) March equinox,
(c) June solstice and
(d) September equinox

Figure 3. Relative variability in foF2 at high (1991) and low (1995) solar activity during
(a) December solstice,
(b) March equinox,
(c) June solstice and
(d) September equinox
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Abstract: The variability of the M(3000)F2 factor and the critical frequency of the E and F2
ionospheric regions over two argentine stations for middle solar activity conditions is studied. To this
end different parameters to specify variability are used, namely: standard deviation, difference
between median to lower quartile and to upper quartile. The results show that low variability is
observed for foE and M(3000)F2 factor at both stations for equinoxes and solstices. The coefficients
of variability are lower than 10% for foE and M(3000)F2 factor. The highest variability was observed
for foF2. In general, the foF2 coefficient of variability ranges between 0 and 30%, at both stations.

Introduction

It is known that the development of a model for ionospheric variability is useful for the user of
ionospheric models. A satellite designer or operator needs to know not only the monthly average
conditions but also the expected deviations from these mean values. Different papers on variability
have been done (Bradley, 2000; Ezquer et al, 2000; Mosert et al, 2000; Kouris and Fotiadis, 2000). In
order to contribute to the study of variability, in this paper the behaviour of the critical frequency of
the E and F2 ionospheric regions and the M(3000)F2 factor over Tucuman (-26.9, 294.6) and San Juan
(-31.5, 290.4) is reported.

Data and results

Ionosonde measurements obtained at Tucuman during 1978 (61 < Rzl2 < 118) and San Juan during
1971 (69 < Rzl2 < 80) are used in this paper. To specify variability the following coefficients are
considered:
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V = (SD / mean) x 100

VQ = [(Qu - QL) / median] x 100

Vu = [(Qu - median) / median] x 100

VL = [(median - QL) / median] x 100

where SD, Qu and QL are the standard deviation, upper and lower quartile, respectively.

In this paper only some figures corresponding to the critical frequencies over Tucuman are
shown.

Results for foE:
Figure 1 shows the mean and standard deviation of critical frequency of E region over Tucuman, for
June solstice. It can be seen that foE ranges from 1.5 to 3.5 MHz. The bottom of this figure shows that
the coefficient of variability V has an almost constant value of 5%.

The median and quartiles for the above mentioned case are shown in figure 2. It can be seen
that the curves are similar to that shown in figure 1. For foE the coefficient VQ is lower than 15 %.

The behaviour of Vu and VL are shown in figure 3. It can be seen that, in general, these
coefficients are lower than 5%.

Similar results were obtained for equinoxes.

Results for foF2
Mean and standard deviation for equinox are shown in figure 4. For 21 LT few measurements were
available. The highest values of the coefficient V are obtained for last hours of the night (3 LT - 6LT).
In general, the values of V are lower than 30%.

Figure 5 shows the median and quartiles for equinox. The highest values of VQ are obtained
for last hours of the night, for the rest of the day this coefficient is lower than 15 %.

The behaviour of Vu and VL are shown in figure 6. It can be seen that, in general, these
coefficients are lower than 20 %.

The results obtained for both considered stations are summarised in the following tables.



Table 1. Coefficients of variability of foE

Table 2. Coefficients of variability of foF2
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Equinox
Solstice

V
V

<5
~ 5

Tucuman
Vu(%)
Vy<5
Vu<5

VL(<

vL<
vL<

5
10

V
5

V(9
<10

<v< 10

San Juan

Vu (%)
Vu<10
Vu<5

VL(%)
VL<10
VL<5

Equinox
Solstice

Tucuman

V(%)
0<V< 30
10<V<30

Vu (%)
0<Vu<20
3<Vu<33

VL(%)
0<VL<20
5<VL<20

San Juan
V(%)

10<V<40
V~10

Vu (%)
5<Vu<30
Vu<10

VL(%)
5<VL<20
VL<10

Table 3. Coefficients of variability of M(3000)F2

Equinox
Solstice

Tucuman
V(%)

3<V<10
5<V<10

Vu(%)
Vu<5
Vu<5

VL(%)
VL<10
VL<10

San Juan
V(%)

5<V<10
V<10

Vu(%)
Vu<5
Vu<5

VL(%)
VL<5
VL<5

For foE the coefficients are lower than 10 % suggesting a low variability of this frequency at
both stations. The variability of foF2 is greater than that of the critical frequency of E region because
the corresponding coefficients range between 0 and 30%. A low variability is observed for M(3000)F2
factor.

Conclusions

Low variability is observed for foE and M(3000)F2 factor at both stations for equinoxes and solstices.
The coefficients of variability are lower than 10.

The highest variability was observed for foF2. In general, at both stations, the coefficients of
variability range between 0 and 30, except for San Juan, solstice.

Additional studies considering low and high solar activity and other stations are needed in order to
complete the present results.
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Fig.l foE over Tucuman, June 1978, R12 = 89. Top: mean and standard deviation (SD). Bottom Coefficient of variability
V: Standard deviation (in % of mean).
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Fig. 2 foE over Tucuman, June 1978, R12 = 89. Top: median, lower and upper quartile. Botton: Coefficient of variability
Vq: Difference from lower to upper quartile (in % of median).
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Fig. 3 foE over Tucuman, June 1978, R12 = 89. Top: coefficient of variability Vu.: Difference from Median to upper
quartile (in % of median). Botton: Coefficient of variability VL: Difference from median to lower quartile (in % of median).
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Fig.4 foF2 over Tucuman, September 1978, R12 = 108. Top: mean and standard deviation (SD). Botton: Coefficient of
variability V: Standard deviation (in % of mean).
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Fig. 5 foF2 overTucuman, September 1978, R12 = 108. Top: median, lower and upper quartile. Botton: Coefficient of
variability Vq: Difference from lower to upper quartile (in % of median).
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Fig. 6 foF2 over Tucuman, September 1978, R12 = 108. Top: coefficient of variability Vu.: Difference from Median to
upper quartile (in % of median). Botton: Coefficient of variability VL: Difference from median to lower quartile (in % of
median).
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Abstract: Ionospheric data and Faraday TEC from Tucuman obtained between April 1982 and
March 1983 were examined. The total electron content of the ionosphere was recorded at
Tucuman using the radio signals from the geostationary satellites ATS-3 and GOES-3 whose
subionospheric points were (25.5S; 291E) and (24.7S; 292E) respectively. The corresponding
hourly values of the F2 region critical frequency foF2 were obtained from the ionospheric
records at Tucuman station (26.9S; 294.6E). The daily and seasonal variations of both
characteristics have been analyzed and a study of the variability of TEC and foF2 has been
done. The known correlation between the two parameters has been found with coefficients of
correlation that range between 0.62 and 0.94. The diurnal and seasonal variations of the
variability are more evident in TEC than in foF2 indicating that in the variability of TEC there
are other related parameters that must be studied such as the slab thickness parameter.

Introduction

The total electron content (TEC) is a very important parameter to monitor the behavior of the
ionosphere. TEC measurements have been extensively made at mid and high latitudes and at
some equatorial stations but not much data is available at low latitude stations, hi Argentina the
only place in which TEC measurements have been obtained using the Faraday technique has
been Tucuman, located near the southern peak of the equatorial anomaly.

As it is known the greatest contribution to TEC comes from near the F2 region density
peak of the ionosphere foF2, parameter that has been also measured at Tucuman using
ionospheric records.
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The objective of the present analysis is to investigate relations of the two ionospheric
parameters: TEC and foF2 during a high solar activity time period. A comparative study of the
variabilitv of the two parameters is also done.variability of the two parameters is also done

Data Used

Faraday TEC measurements obtained at Tucuman (26.9S; 296.4E) for the high solar activity
period from April 1982 (Ri2= 114) to March 1983 (R]2= 75) using the radio signals of the
geostationary satellites ATS-3 (0; 255 E) and GOES-3 (0; 269E) whose subionospheric points
were (24.9S; 291 E) and (24.7S; 292 E) respectively have been used in the analysis. The
corresponding hourly values of the critical frequency of the F2 region foF2 were scaled from
ionosonde records at Tucuman station.

The monthly mean values of TEC and foF2 for each hour in local time for the 12
months of the time from April 1982 to March 1983 were calculated with the corresponding
standard deviations s and variability index v = (s/mean value) xlOO.

Results

Figure 1 shows the hourly mean values of TEC (m TEC) in TEC units of 1016 m"2 versus the
corresponding mean values of foF2 (m foF2) in Mhz at Tucuman during the summer months,
equinoctial months and winter months of the time period analyzed. The linear relation between
the two parameters during the three seasons can be seen. Table 1 shows the factors Y-
Intersection (Y-Int) and slope of the linear equations between TEC and foF2 values calculated
using the least squares methods for each month of the time period April 1982 - March 1983.
The negative tendency for Y-int and the positive tendency for the slope are observed. The
coefficients of correlation range between 0.62 and 0.94.

Figure 2 shows the diurnal variations of the averages of TEC (on the left) and the
corresponding averages of foF2 (on the right) for the summer months, equinoctial months and
winter months. The two parameters present minimum values at predawn hours and maximum
values at noon and post noon hours. In general as the mean values of TEC as the mean values
of foF2 exhibit the greatest values during the equinoctial.

In Figures 3 and 4 the mean values of TEC (on the left) and the corresponding averages
of foF2 (on the right) are plotted versus the months of the year for 4 typical hours of the day:
00.00 LT, 06.00 LT, 12.00 LT and 18.00 LT. The seasonal variation of both parameters
presents equinoctial maximum at the four hours analyzed. The winter anomaly is not observed
in TEC data or in the foF2 data.
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Table 1. Monthly values of the factors Y-Int. and slope of the linear equations between TEC and foF2
values calculated using the least squares methods for each month of the period April 82 - March 83. The
coefficients of correlation are also indicated.

Months
Ene-83
Feb-83
Mar-83
Abr-82
May-82
Jun-82
Jul-82

Ago-82
Sep-82
Oct-82
Nov-82
Dic-82

Corr. Coeff.
0,91
0,87
0,88
0,62
0,76
0,91
0,90
0,92
0,86
0,90
0,85
0,94

Y-Int.
-73,9
-27,7
-42,9
-29,8
-31,5
-40,0
-36,5
-46,5
-70,6
-81,6
-49,9
-45,2

Slope
12,33
7,67
9,04

8
7,6
8,2

7,98
9,15
11,23
12,1
8,72
9,1

Figure 5 shows the diurnal variation of the variability v of the two parameters:
foF2 for the representative months of summer (January 1983), fall (April 1982), winter (July
1982) and spring (October 1982). The comparisons of both variability indexes v show that the
variability of TEC is greater than the variability of foF2 in the four months. The diurnal and
seasonal variations of v are more evident in TEC than in foF2. These results indicate that in the
variability of TEC there are other parameters that must be investigated related to the shape of
the electron density profile such as the slab thickness parameter.

Conclusions

A comparative study between the monthly Faraday TEC measurements and the corresponding
values offoF2 observed at Tucuman (26.9S; 294.6E), station located near the south peak of the
equatorial anomaly, has been done.

The known correlation between both parameters has been found with coefficients of
correlation ranging between 0.62 and 0.94.

Referring the daily variations of both parameters, peak daytime values are reached at
noon or post noon hours. Seasonally the TEC and foF2 values show equinoctial maximum and
the absence of the winter anomaly.

Comparisons of the variability indexes v show that the variability of TEC is generally
greater than the variability of foF2. The diurnal and seasonal variations of v are more evident in
TEC than in foF2. These results indicate that in the variability of TEC there are other
parameters related to the shape of the electron density profile that must be studied such as the
slab thickness parameter.
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TEC TIME VARIABILITY
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Abstract: The aim of this work is to extend the analysis of TEC
time variability obtained by Faraday Rotation data using TEC data
from GPS. It is shown that in order to obtain comparable results
between the two methods, the slow movement of the GPS ray must
be taken into account. Results of the comparison are shown as
usual for different seasons and phases of the solar cycle.

Scenario: The scenario of the previous work (Faraday) was
depicted by a slant TEC taken along a practically constant ray-
path. Using proper mapping function, electron content along the
vertical relative to the ionospheric point is estimated. The time
derivative is then obtained by straight differentiation of vertical
TEC. Error of ambiguity does not affect derivatives.
Is it possible to get time derivative of TEC from GPS data?
The scenario of GPS observations is given by many slant TECs
taken along different and varying in time ray-paths. The analysis
can be carried out studying the time derivative of the vertical
TECs, obtained also in this case through a proper mapping
function, at several ionospheric points available at some time. But
it will be shown that straight differentiation is not sufficient in this
case, as the effect of the movement of the ray path introduces not
negligible errors, as shown in the following.
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Both Faraday Rotation (FR) and GPS provide with slant TEC S modelled as

S =TEC secx + P
Its time derivative is

dS dTEC ___
— = sec Y + TEC
dt dt
dt dt dt

rewritten as

dTEC dS r^dsecx
= —cosx-TEC —cos;*;dt dt dt

In the general case, the ionospheric point moves finding varying vertical TECs,

so the derivative must actually be written as

dTEC dTEC dTEC d(j> dTEC dX
— | z_ _j

dt dt d(j) dt dX dt

Combining all the previous expressions it can be written:

dTEC dTEC dTEC # dTEC dX dS ^^dsec%
= + - + = —cosx-TEC —cosy

dt dt d(j) dt dX dt dt dt
FR observes along a constant ray path providing with the Eulerian derivative

dTEC dS
—— = -—cos^

dt dt

To get similar results for GPS (Lagrangian derivative), we shall use

dTEC dS ___rfsec^ dTEC d(j) dTEC dX
= —cosj£ - TEC —cosj —

dt dt dt d(j) dt dX dt

Which shows that slant TEC derivative and mapping functions are not sufficient,

but also an estimation of TEC and its gradients are needed. In the following, this

estimation of TEC will be denoted by V

dTEC dS ^dsecx dV d(p dV dX
= c o s * V ^ c o s *

c o s * V c o s * j T
dt dt dt d(j) dt dX dt

Hence, derivatives by GPS are affected by possible errors in V and its gradients.
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Sample plot of Eulerian and Lagrangian derivatives vs time for Day
270, 1999 to evidence how they differ.
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Figure 1

In practice, straight differentiation of Faraday TEC provides, with
an Eulerian derivative, straight differentiation of GPS TEC with
the Lagrangian one. Anticipating the results, figure 1 shows
synthetically how they can be different.
The estimated vertical TEC, V, used in computing the derivatives

is obtained in the following way:
- Equations of condition are formed taking the differences, in time,
of the slant observations of differential phase (direct or smoothed),
so calibration of the data though the biases is not needed.
- The mapping function is taken as the sec% at the ionospheric
point at 400 Km
- It is assumed that, at a given local time LT, V can be written as
V(LT,<t),X)=V(LT,<t)oM+m(LT)- ((/)-(!>0)+n(LT) • ( X- Xo)
(Regional solution)
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- Unknowns are V, m, n at prefixed equidistant times from which
values, needed in the equation of condition, at any given time are
polynomially interpolated
- The problem is solved by standard LSQ.

The actual derivative is computed as

D{t) = -, TECu mm"1

In the following table, a summary of the characteristics of the data
used is shown

Faraday rotation

Sampling rate: 1 minute
Ionospheric point latitudes
around 40N (middle latitude)

Coverage:75-91
Accuracy (short term) better
than 0.02 TECu

GPS Differential Phase

Sampling rate: 1 minute
Stations :Matera and Wetzell
Area: from 35 to 55 latitude
Coverage: 93-99

Accuracy: same order, but receiver dependent

Results
The distribution of GPS and Faraday derivatives is reported

together in fig. 2, with a resolution of 0.1 TECu. The statistics is
hugely dominated by the large number of GPS data. In fig. 3 the
statistics of Faraday data only is reported.

Note that the statistics includes any "worst case" (TIDs,
magnetic storms, possibly cases of local interference and/or
scintillation, as well as errors during data processing) and not only
"normal" conditions.
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Distribution of time-derivative of TEC

Tota l cases: 29039352; Events:15221 0.5<|deriv|<lnf 0 .1% a n y y e a r - a n y month-any solar activity
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Fig.2. The overall statistics

Distribution of time-derivative of TEC
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Fig.3. The statistics for Faraday data
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From the comparison between figs. 2 and 3 it results that the
distribution of Faraday derivatives is more spread than the ones of
GPS. This could depend on the different bandwidths relative to the
GPS and Faraday measurements (remind that the sampling time is
exactly the same). This point will be investigated.

The occurrence of values greater than 0.5 TEC units/minute,
has been computed for each available month. The object of this
analysis is to evidence the degree of disturbance typical of each
month. Abscissa range from the end of 1975 to the end of 1999,
with a step of 30 days. The Sunspot number R12 is also plotted
(circles). For each 30-day step, the events corresponding to
absolute values of the derivatives included in that range are
counted, and reported, as a percentage of their total number. Note
that, when the 0-line is dashed, no data are available.
For each month the number M of derivative>0.5 and the number N
of derivatives are counted: M/N*100 is reported in fig. 4.
In this case it is very easy to distinguish between Faraday (1975 to
1991) and GPS data (1993 to 1999). The occurrence of derivatives
larger than 0.5 TECu is larger for Faraday, recalling the note on
page 9, relative to possible difference in the bandwidths of the two
signals.
Nevertheless, from the examination of these results, we have come

to the opinion that no clear correlation can be stated between high
values of time derivative and solar cycle. However, the small
occurrences presented strengthen our opinion that they are
connected more with single events (apart from unavoidable
measurements errors, they are TIDs, magnetic storms etc., being
aware that they are more frequent during high and middle solar
activity) than to R12 directly.
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Monthly occurrence of time derivative (abs. value) >0.5 TECu/min
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Fig.4. Monthly occurrence of values greater than .5TECCu/min

The occurrence of values greater than 0.5 TEC units/minute,
has been computed also for each available day (fig. 5). The
maximum occurrence is less than 5% (on the base of the data of
each day). From the analysis, it can be seen that periods of
maximum solar cycle, as the one from the second half of 1979 and
the first half of 1980, show higher occurrences than the following
(half 80- half 81), also of maximum solar cycle. They are followed
by a period (centered around early 82), of strong occurrence again,
despite the decreasing phase. Similarly for the 22nd cycle, the 89,
corresponding to the maximum, presents the maximum occurrence,
followed by a period (90) of fewer occurrences, also in the
maximum of the cycle.
For GPS such occurrence is still lower as in the statistics reported
before and probably for the same reasons.
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Daily occurrence of time derivative (abs. value) >0.5 TECu/min
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Fig. 5. Daily occurrence of values greater then .5 TECu/min

The statistics of fig. 2 shows that almost all cases fall in the range -
0.1 - 0.1 TECu/minute. Therefore this range has been zoomed and
data have been grouped also according to solar activity. Fig. 6
reports the statistics of all data relative to any solar activity;
whereas figs 7, 8, 9 refer to the low, medium and high solar
activity.
To make a comparison between Faraday and GPS data, three pairs
of figures are reported respectively for years of high (figs. 10, 11),
medium (figs. 12, 13) and low (figs. 14, 15) solar activity. Each
year has been selected for Faraday and GPS in order to have the
same solar phase (also if belonging to different solar cycles).
As expected, the distributions broaden going from the low to high
solar activity, both for Faraday and GPS. The still reported larger
dispersion for Faraday, is also in this case evident.
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Distribution of time-derivative of TEC

Total cases: 29039352: Events: 15221 0.5<|deriv|<lnf 0.1% any year-any month-any solar activity
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Figure 6. all data, any solar activity

Distribution of time-derivative of TEC
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Fisure 7. low solar activity
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Distribution of time-derivative of TEC

Total cases: 1267623D; Events: 8622 0.5<|deriv|<lnf 0.1% any year-any month-medium solar activity
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Figure 8. medium solar activity

Distribution of time-derivative of TEC
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Figure 9, high solar activity
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Distribution of time-derivative of TEC

Total cases: 237479; 237479 0.0<|deriv|<lnf 100.0% 80 - any month - any solar activity
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Figure 10. Faraday, high solar activity
Distribution of time-derivative of TEC
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Distribution of time-derivative of TEC
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Figure 13. GPS. medium solar activity
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Distribution of time-derivative of TEC
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Abstract: Total electron content (TEC) was obtained from bottomside ionograms recorded at
an equatorial station (Ouagadougou, 12.4°N, 358.5° E). Variability in TEC obtained in this way
(ITEC) was investigated. Diurnal, seasonal and solar cycle effects were observed. Both
absolute and relative variability were considered. The results obtained were compared with
those of another equatorial station (Ghana, 5.63°N, 359.8°E) where the TEC was obtained by
the Faraday rotation technique. The variations in variability at both stations follow the same
trend.

Introduction

Total columnar electron content (TEC) data is very important in most operations that involve
radio signal transmission via satellite. Theoretical TEC models are relied upon, when
experimental TEC data is not available or when prediction is necessary. A number of
investigations on the performance of some TEC models have been undertaken (e.g. Radicella,
and Zhang, 1995; Kailang and Jianming, 1994; Ezquer et al., 1999). A reliable assessment of
the prediction capability of TEC models requires a well-established variability pattern based on
experimental data. In this study, we investigate the variability of TEC at two equatorial stations
located in the African sector.

Data and Method of Analysis

The data used for this study are from two equatorial stations; namely Ouagadougou in Burkina
Faso (12.4°N, 358.5 E) and Legon in Ghana, (5.63°N, 359.8°E). The TEC data for
Ouagadougou were obtained from ionograms recorded with the ionospheric prediction sounder
(IPS42). The ARTIST program was used for the ionogram inversion. This same program
calculates the TEC as described by Huang and Reinisch (2001) and is referred to as ITEC to
differentiate it from TEC obtained by other methods. Ionograms from 1991 (Rz=146) a year of
high solar activity and 1995 (Rz=18) a year of low solar activity were selected for this study.
Winter, spring, summer and autumn seasons are represented by January, April, June-July and
October respectively. Ten and 15 days records from each of the months under consideration
were picked in 1991 and 1995 respectively for this study. The days chosen are those with
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ionograms good enough to be scaled and magnetic storm days were avoided. Average ITEC on
an hourly basis for each of the months chosen, were calculated from these days. Standard
deviations (SD) from the hourly monthly means (TECAVE) were used as the absolute day to
day variability index. Relative variability; (SD/TECAV)xlOO was also determined.

The data used for the analysis for Ghana was obtained by the Faraday rotation
technique. Signals of 136.4MHz were transmitted from the synchronous satellite ATS-C, which
was located at approximately 70° west of longitude. The satellite was observed at an elevation
of approximately 12°, azimuth 267° (Koster, 1972). The technique used to convert slant to
vertical values assumes a fixed correction height of about 400 km. Data from both high and low
solar activity periods were selected from available records. For low solar activity, data
considered are those of January, April, July and October for the year 1975 with an average sun
spot number, Rz=16. For high solar activity, we used data for January and March in 1971 with
Rz=78 and July and September in 1970 with Rz=105. The months chosen are the representative
months of winter (December solstice), March equinox, summer (June solstice) and September
equinox respectively. All available hourly TEC values for each of the days of the months
considered were used for the study. The number of data used for the computation for each of
the hours of the months of low solar activity was not less than 30. At high solar activity, the
number is not less than 27 for the December solstice and September equinox. Those of the
other two seasons for this solar activity period ranged from 18 to 22. Absolute and relative
variability were obtained as was done for Ouagadougou.

Results

1. Absolute Variability
(a) Diurnal and seasonal variation
The results of absolute variability in TEC at high and low solar activity periods for Ghana are
shown in figures la ( i ) & (ii) respectively. The value and diurnal range of variation of
variability is consistently lower in the June solstice than at other seasons at both high and low
solar activities. At high solar activity it varied most of the time from about 1.3 to 6 TEC unit
and from about 1.5 to 2.7 TEC unit at low solar activity. For all the seasons of both solar
activities, absolute variability is lower between 0100 and 0800LT than at other time of the day.
The results for ITEC at Ouagadougou (figures lb i & i i ) follow a similar trend as observed in
the Ghana TEC except that the low variability in June solstice is not apparent at high solar
activity. This is likely due to the difference in solar activity for the two periods of high solar
activities considered.

(b) Solar activity effects
Figure 2a i-iv demonstrates that absolute variability is higher at high solar activity than at low
solar activity at all seasons and for all time of the day. This fact is also demonstrated in the
result for ITEC (figure 2b i-iv)
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2. Relative variability
The results for relative variability are shown in figures 3a i-iv for Ghana TEC and figures 3b i-
iv for ITEC at Ouagadougou. Generally, at both stations relative variability is higher at night
(1900-0600LT) than during the daytime (0700-1800LT) at all the seasons.
Figures 4a i-iv and 4b i-iv compares relative variability at high and low solar activities for TEC
at Ghana and ITEC at Ouagadougou respectively. The values of relative variability for both
solar activity periods are quite close most of the time at both stations and for all the seasons.
The daytime relative variability tends to maintain a constant value, which is about or below 20
percent most of the time.

3. Average Ghana TEC and Ouagadougou ITEC
Fig 4a i & ii show average TEC over Ghana at high and low solar activity respectively. The
corresponding averages for Ouagadougou ITEC are shown in figures 4b i & ii. The sunspot
number in 1975 from which the TEC over Ghana was obtained is about the same for 1995 from
which Ouagadougou ITEC were calculated. The diurnal and seasonal variations at both stations
are quite similar. The averages of TEC and ITEC at the equinoxes are higher than those of
solstices. The daytime minima observed in ITEC (figure 4b i), at the equinoxes are not present
in TEC (figure4a i). The average sunspot number in 1991 (R=147) from which the data for
ITEC are derived higher than those of 1970 (R=105) and 1971 (R=78) from which TEC data
were obtained. The kind of comparison made for low solar activity cannot therefore be made
for this period.

Conclusion

Huang and Reinisch (2001) have compared ITEC obtained with their new technique with those
obtained by satellite measurement at Jicamarca an equatorial station and found good agreement.
Such validation could not be done in this study because of none availability of data by the two
methods at exactly the same station and time. The results from this study however show that for
the same latitudinal region, the variability of TEC and ITEC show the same trend in diurnal
seasonal and solar cycle variation. This is in spite of the fact that the number of data points used
for TEC is about doubled those used for ITEC analysis. This indicates that variability in TEC
could be predicted with a fairly high degree of reliability. Other conclusions from this study are
that: 1. Absolute variability is generally greater at high than at low solar activity. 2. The values
of relative variability at both solar activity periods are quite close during most of the part of the
day at all seasons. 3. Relative variability is higher at night than during the daytime at both high
and low solar activity periods.
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Figure Captions

Figure 1. Diurnal and seasonal variation of absolute variability
(a) at high solar activity and
(b) at low solar activity

Figure 2. Solar cycle effect on absolute variability during
(a) December solstice
(b) March equinox
(c) June solstice and
(d) September equinox

Figure 3. Relative variability during
(e) December solstice
(0 March equinox
(g) June solstice and
(h) September equinox

Figure 4. Average (a) TEC for Ghana at (i) low and (ii) high solar activity.
(b) ITEC for Ouagadougou at (i) low and (ii) high solar activity
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Several approaches have been made in the context of data assimilation in order to
improve the estimates of electron density. In [Her98] it was shown that the combination
between ground and Low Earth Orbiter GPS data was feasible in a tomography context and
how it could be used to reconstruct vertical profiles of electron density, the results were
compared with Ionosonde data. Further efforts in this field of study have been made in [Her99]
and [GarOl] where in the latter case it was shown that Ionosonde and ground GPS data are
complementary. A comparison was made between the reconstructed STEC profiles seen by the
LEO GPS/Met with its actual observations.

The main idea of data assimilation is to take advantage of the strong points of one data type
to compensate for the weak spots of the other. Table 1 summarises the advantages and
disadvantages of each data types.

Ionosonde

Ground GPS
data
LEO GPS
data

Advantages
High resolution data up to the maximum

TEC estimations with errors of few TECUs
Extensive GPS networks
Vertical information of Ionospheric electron
density

Disadvantages
No information beyond hmF2
Only local vertical profiles
Bad vertical resolution

Occultations only occur for specific
Local Time for different locations

Table 1: Advantages and disadvantages of each data types

Once the compatibility of all kinds of data involved in data assimilation has been proved,
their combination results in a better estimation of the electron density distribution through the
different regions of the Ionosphere. As a consequence, this technique may be a useful method
to observe and modelise several physic Ionospheric parameters in different conditions such as
high geomagnetic activity periods, Travelling Ionospheric Disturbance (TED) and so on.
Moreover, a comparison with profiles of electron density retrieved from LEO GPS radio
occultations using the Improved Abel Inversion (see [HerOO]) indicates that this method can
provide valuable information about the topside as well.
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Abstract: As is well known, many GNSS users are using single frequency receivers in their
applications. These types of receivers are not able to correct directly the delay produced in
the ionosphere, that can reach values of tens of meters. To overcome this problem there
are several models that can be used to correct this ionospheric term: the GPS Broadcast
model available with the GPS navigation message, empirical models like the IRI, and GPS
data driven models, the last ones are being computed since June 1998 by the IGS Associate
Analysis Centers (CODE, EMR, ESA, JPL and UPC).

These models have different performances and can be or not suilables depending on
the desired accuracy for each given application. A comparative study of such models is
discussed in this paper, by comparing with independent ionospheric estimates provided by
the TOPEX/Poseidon dual frequency altimeter.

New improvements of the ionospheric correction algorithms using GPS data, for
real-time and precise navigation purposes, will also be studied.

1. Introduction

As known, the ionosphere is one of the main sources of error in the GPS positioning. This
is due to the fact that the radio signals are affected by the electron content inside the
ionosphere. Thus, this disturbance affects differently codes and carrier phases, producing a
delay-advance that can lead to an error of tens of meters (see Davies (1990)).

To overcome this problem there are different strategies, but the limiting factor is
which kind of receiver (single or dual frequency) is using the GNSS users. In this context,
when a dual frequency receiver is used, the contribution on the error by the ionosphere can
be eliminated with a combination of the two signals transmitted by the GPS satellites
(fl=1574 MHz and f2=1227 MHz). However, when a single frequency receiver is used, the
ionospheric delay cannot be eliminated directly. In these cases it is necessary to use an
external determination. In the GPS system this function is done by the Klobuchar model
(see Klobuchar (1996)) that satellites broadcast in the navigation message. However, this
model has low accuracy, since it uses only 8 parameters to describe ionosphere. Moreover,
there are other kinds of models to correct the ionospheric error like Climatological or
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Empirical models (such as the International Reference Ionosphere (IRI), Bilitza (1990))
and the GPS data driven models (such as the Global Ionospheric Maps (GIM's) provided at
IGS).

In this framework, a study between the different kinds of models and among the
GIM's provided by the IGS has been done with the help of TOPEX data. This study
provides a determination of the accuracy of the different kinds of models. But the accuracy
of the improved real-time technique (Hernandez-Pajares (2001)) has also been studied in
order to show the feasibility of computing a real time precise ionospheric corrections.

2. Upc model

The UPC model uses a voxel approach in order to compute the GIM's. This model is able
to count with carrier phases Li and L2 only (less affected by multipath and measurement
errors), through the ionospheric free combination.

To process the data, a Sun fixed reference frame is chosen due to the fact that the
Sun is the main source of ionization. With this reference frame, it can be asssumed that the
electron content varies slowly. In this scenario the ionosphere is decomposed in cells (or
voxels, see Figure 1). Then, in a given time and for a given satellite-receiver ray, the main
observation can be expressed as (Hernandez-Pajares et al. (1999)):

Li = I I I N w -^u* +bi (1)
i j k

where i,j,k are the indices for each cell corresponding to local time, latitude and height;
Ne ijk is the electron density for each cell; As lJk is the length of the ray path for each cell;
and bu is the arch bias.

Thus the GIM is computed, firstly, estimating the TEC independently for each
station (about 100 IGS stations worldwide distributed). This TEC is computed with the
voxel model with 2-layers and it is solved with temporal resolution of 2h in UT, and spatial
resolution of 5° in local time and 2.5° in latitude. Secondly, these regional solutions are
combined and interpolated with the help of the IRI model. This is useful in zones where
there are data sparsity (oceans) and high TEC gradients such as the equator (see details in
Hernandez-Pajares et al. (1999)).
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Figure 1: Voxel structure used in the tomographic approach.

3. Topex comparison

In order to evaluate the performance of the different models, the data provided by the
altimeter satellite TOPEX/Poseidon is used. This satellite has, among other instruments, a
dual trasmitter-receptor that has the capability of measuring the vertical TEC, below its
mean orbit (about 1350 Km), with an accuracy of several TECU ~1016 e'/ m2 (see Ho et
al. (1995)).

Then, to compute the accuracy of the different kinds of models, the comparison is
done in two ways:

• The GPS broadcast model, the IRI, and the GPS data driven model (such as UPC GIM),
are evaluated.
• The different GIM's computed from GPS data by the IAAC's are evaluated.

In this context, the comparison is done by means of computing the Bias and RMS
regarding to TOPEX data as:

BIAS = {TECT0PEX -TECModel)

= ({TECTOPEX -TECMode,)
2)

(2)

(3)

Since the interpolation is an important source of error for the GIM's computed
from GPS data, two different kinds of studies are done.

In the first study, trying to diminish the effect of interpolation, two zones with
close GPS receivers have been chosen; the first is in the Mediterranean Sea, which is
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centered at mid latitudes (notice that is where there is the vast majority of users); the
second is in Indonesia, which is centered at equatorial latitudes (notice this is a "worse
case" scenario).

Table 1 - Results among the differents models for the two selected
areas for the year 2000. The third column corresponds the relative
error computed as (Err = RMSQIM / TECTOPFX )•

Br.GPS
IRI

UPC GIM

Br.GPS
IRI

UPC GIM

Mediterranean Sea (101,00 obs.)
Biasm T I j r u

6.3
2.6
0.7

RmSiMTErtr
12.0
8.9
4.0

Indonesia (656,000 obs.)
Biassed;

24.9
11.6
-1.0

RmSiN T Eri!
32.3
22.2
9.1

Error %
35
26
12

Error %
60
41
17

The results for this study show that the best performance, as it could be expected,
is for the GPS data driven model (UPC GIM). Then, it is possible to see that in the
Indonesia zone the relative error for the GPS Broadcast model and for IRI model are
increased, at least, by a factor 1.5, mainly due to the fact that in this zone the TEC
gradients are stronger than in the Mediteterranea Sea zone. Meanwhile the error for the
GPS data driven is more or less the same. This fact makes the GPS data driven model more
compatible with TOPEX observations.

In the second study, the whole source of data are taken into account in order to
determinate the global accuracy of the different models. In this study the error due to
interpolation scheme is taken into account as well.

Table 2 — Results of the global comparison for the differents
models for the year 2000.

Br.GPS
IRI

UPC GIM

Global (15,600,000 obs.)
BiasINTFcu

12.2
1.1
-0.2

RmsiN TEClJ

19.9
15.1
9.0

Error %
54
41
24

Looking at Table 2, the best performance, as in the previous study, is for the GPS
data driven model. For the GPS Broadcast model, the global relative error (54 %) is
compatible with previous studies (see Klobuchar et al. (1996)). This high error may be
produced by the few parameters that are used in the computation This fact makes it
impossible to take into account complex structures like the equatorial anomalies. For the
IRI model the error (41 %) is high compared to the number of parameters used in the GIM
computation, this error may be produced by the overestimation that the IRI makes at high
latitudes. The GPS data driven model presents a negative bias (close to zero) and the lowest



133

relative error (24 %) that makes this model the most compatible with TOPEX
observations.

In the same way, a similar study can be done for the different IAAC's. Notice that
in the previous section it has been demonstrated that the best performance is for the GPS
data driven models. But inside the IAAC's there are significant differences.

Table 3 — Results of the global comparison for the differents
IAAC's for the years 2000 and 2001.

CODE
EMR
ESA
JPL
UPC

CODE
EMR
ESA
JPL
UPC

Global 2000
BiasIN TECU

4.5
3.8
3.5
-1.4
-0.2

Global 2001
Biasm TECIJ

2.8
3.2
2.4
-1.6
0.0

(15,600,000 obs.)
RmS[NTEcU

9.7
12.7
11.6
7.2
9.0

(14,000,000 obs.)
RUlSlN TECU

8.8
12.7
10.9
6.9
8.0

Error %
26
34
31
20
24

Error %
24
34
30
19
22

The results are shown in Table 3, where there is the global comparison for the
years 2000 and 2001. This table shows the discrepancies among the different IAAC's.
Thus, there are significant differences in Bias among the IAAC's: Centers with TEC
determinations below TOPEX TEC, that they are not compatible with TOPEX
observations, and centers with TEC determinations above TOPEX TEC, that they are
compatible with TOPEX observations.

These discrepancies may be produced by the differences between the models used to
compute the TEC.

4. Real time ionospheric determination

In this section the goal is to compute the UPC TEC maps in real-time, combining both
ionospheric and geodetic computation, resolving and fixing the integer ambiguities
common unknowns (see details in Hernandez-Pajares et al. (2000)).

Thus, an experiment has been performed to study the performance of the real-time
technique (Hernandez -Pajares et al. (2001a)). This experiment takes place in 4
consecutive weeks in March-April 2001, in Solar Maximum conditions, but with variable
geomagnetic activity: quiet geomagnetic conditions during the first 2 weeks (Kp < 4) and
high geomagnetic conditions during the last 2 weeks, with one day with Kp = 8.5. 12 IGS
GPS sites between about -40° to 50° in latitude (see Figure 2) have been used, at very long
distances, with baselines between 1000-3000 km. Part of these stations arc affected by the
equatorial anomalies.
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Figure 2 - IGS GPS sites used in the experiment of real-time
ionospheric determination. The lines are the TOPEX footprint for
the comparison for the doy 67 of the year 2001.

As an example of the results obtained, the vertical determination in real-time has
been compared with the TOPEX observations and with the UPC GIM determination (see
Figure 3 for an example of the comparison).

TOPEX TEC estimation; doy 67 2001 <Kp<3)

TOPEX measu
REALTIME estimation (Fixing ambiguities)
ST-PRGCSSSEO estimation (UPC iONEX!

-30 -25 -20 -15 -10 -5 0 5 10 15 20

Figure 3 - Comparison of Real-time ionospheric determination
with TOPEX data and UPC GIM for the doy 67 of the year 2001.
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Looking at Figure 3, it is possible to see that there are two passes of the TOPEX
satellite, the first one, corresponding to a day pass (the lines have TEC values between 40 -
120 TECU), and the night pass (the lines have TEC values close to 20 TECU). The most
interesting for the study is the one corresponding to the day pass because the TEC values
are higher. Then, there are significant differences of several TECU between the TOPEX
TEC and the real-time ionospheric determination. This can be due to the plasmaspheric
component (part of the ionosphere above 1350 km, that is the mean TOPEX height) that
can reach up to 7 TECU (see Lunt et al. (1999)). Therefore, the real-time determination is
compatible with TOPEX+Plasmaspheric TEC.

Additional comparisons have been performed to show that the accuracy of such
real-time corrections is about 1 TECU in this difficult scenarios.

5. Conclusions

The study of the different kinds of models to provide ionospheric corrections to GNSS
single frequency users has been done trying to lump together all representative models, and
real-time ionospheric determination as well.

Thus, the comparison between the different kinds of models regarding TOPEX data
can be summarized, in terms of relative error, such as: GPS Broadcast model (54%),
Climatological model (41%), and GPS data driven model (21%).

But, when the different GPS TEC Models are studied comparing with the TOPEX
TEC estimates, it is clear that there are significant biases of several TECU depending on
vertical modelling. These discrepancies are significant if it is desired to combine the
different GPS data driven models in a common ionospheric product.

In the sense of real-time ionospheric determination, a new technique has been
improved to get precise real-time STEC's from reference GPS sites in long distances at low
latitudes and Solar Maximum conditions. With this technique there are potential
applications such as: precise water vapor determination (see Hernandez-Pajares et al.
(2001b)) and precise (subdecimeter) navigation in WADGPS-like networks (for details see
Hernandez-Pajares et al. (2000)).
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Abstract: Vertical electron content (VTEC) values obtained from GPS satellite signals
received at three South American stations are used to study the behaviour of this ionospheric
variable during high solar activity. The standard deviation difference between median to
lower quartile and to upper quartile, are used to specify the variability of VTEC. The results
show that the highest VTEC values are observed at low latitude. The VTEC measurements
obtained during equinoxes are greater than those obtained during solstices. The coefficients of
variability can reach values as high as 50% or more for some cases.

Introduction

Using geosynchronous satellites signals, ionospheric studies have been done at Tucuman
(26.9, 294.6; mag. lat.: -15.5) in the past (Ezquer et al., 1989, Ezquer et al., 1995, Ezquer et
al., 1998). The establishment of Global Positioning System (GPS) has provided a new set of
tools for the ionospheric research (Aarons et al., 1996, Kelly et al., 1996; Beach et al., 1997;
Musman et al., 1997). It provides a global and continuous signal and data source which can be
collected by GPS receivers.

hi this paper VTEC measurements obtained using GPS signals received at South
American stations during a high solar activity year are used to study the behaviour of this
ionospheric variable.

Data and results

The data were obtained during 2000 at the following stations:
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Station
AREQUIPA
SANTIAGO
RIO GRANDE

Lat.
-16.5
-33.15
-53.8

Long.
289.3
359.2
292.25

Geomag. Lat.
-5.1
-21.8
-42.4

Geomag. Long.
358
359.2
1.6

It can be seen that their geomagnetic longitudes are similar.

To specify variability the following coefficients are considered:

V = (SD / mean) x 100

VQ = [(Qu - QL) / median] x 100

= [(Qu - median) / median] x 100

= [(median - Q L ) / median] x 100

where Qu and QL are the upper and lower quartile respectively.

Panel a) of figure 1 shows the mean and standard deviation of VTEC over Arequipa during
January solstice. The lowest value is observed at 5 LT and a maximum of 80 TECU is
observed at 14 LT. The behaviour of the coefficient V is shown in the panel b) of this figure.
It can be seen the V ranges from 35% to 55% and remains almost constant for the 7 - 14 LT
period.
Panel c) of figure 1 shows the median, upper and lower quartile for the same case. It can be
seen that the three curves are closer than those shown in panel a). The behaviour of VQ is
shown in panel d), this coefficient ranges between 5 % and 50 % reaching the highest values
at 0 LT - 5 LT period.
The behaviour of Vy and VL are shown in the panel e) and f) respectively. It can be seen that
the lowest values are observed for daytime conditions and the highest variability corresponds
to the last hours of the night.

The results for Arequipa - April equinox are shown in figure 2. It can be seen that
VTEC values are higher than those obtained for solstice. Again, the curves corresponding to
median, upper and lower quartiles are closer than those obtained with mean and standard
deviation. Regarding the coefficients of variability, similar behaviour of those observed for
solstice are observed, but high values of VQ and Vv are observed for 4 LT.
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Figure 3 shows the results for Santiago - January solstice. It can be seen that VTEC
ranges between 20 and 60 TECU and that the coefficient V has an almost constant value of
50%. It can also be seen that, in general, VQ has a constant value of 20% and that Vy and VL

reach an almost constant value of 10%.

Panels a) and b) of figure 4 show the results for Santiago - October equinox. VTEC
ranges between 20 and 80 TECU, and the V values are close to 55%.

The results for Rio Grande - January solstice are shown at panel c) and d) of figure 4.
It can be seen that VTEC varies slowly around 30 TECU. Similar behaviour was observed by
Ezquer et al. (1996) for the critical frequency of F2 region, at high latitude stations for some
months. Regarding the variability, V values are close to 30% for several hours of the day.

The obtained results are summarised in Tables 1, 2 and 3.

Table 1. Results for Arequipa

January
April
July

October

Min.VTEC
(~ 4 LT) (TECU)
- 1 0
- 1 0
- 5

-10

Max.VETC
(~ 15 LT) (TECU)

- 8 0
- 120

- 5 5

-100

V
(%)

35<V<55
30<V<50

30<V<55

20<V<60

v u
(%)

3< Vu <25
5< Vu<50
10< Vu <30
5< Vu<40

v L

(%)
5< V L <30
5< V L <30
5< V L <30

5< V L <20

Table 2. Results for Santiago

January
April

July
October

Min.VTEC
(~ 5 LT) (TECU)
- 2 0
- 2 0
— 5

-20

Max.VETC
(~ 14 LT) (TECU)
- 6 0
- 8 0

- 3 0
- 8 0

V

V - 5 0
30<V<55
20<V<50
V - 5 0

vu

Vu-15
10< Vu <40
10<Vu<25
10< Vu <30

V L - 1 0

10< V L <30
10< VL <25
5< VL <25

Table 3. Results for Rio Grande

January
October

Min.VTEC
(~ 4-6 LT) (TECU)
- 27 (3LT)
-20

Max.VETC
(~ 12 LT) (TECU)
~ 37 (6LT)
- 8 0

V

V - 3 0
V~35

vu

5< Vu <25
5< Vu <25

v L

5< V L <25

5< V L <25
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These Tables show that the highest values of VTEC correspond to equinoxes at all
stations. The difference (Max. VTEC - Min. VTEC) is maximum at Arequipa and decreases
with the latitude. In general, the coefficient V ranges between 30% and 55% except for
Santiago and Rio Grande in some cases when an almost constant values is observed. In
general, the coefficients Vy and VL range between 5% and 30%.

Taking into account that only three stations have been considered, additional studies
including more locations and different solar activity conditions are needed.

Conclusions

This preliminary study shows that the main characteristics of VTEC at the considered stations
are:

At all stations the daytime values are greater than those corresponding to nighttime
hours.

The difference: (Max. VTEC - Min. VTEC ) is greater at low latitudes than at high
latitudes

The highest VTEC values are observed at Arequipa

The values corresponding to equinoxes are greater than those corresponding to
solstices

V ranges between 30% and 55%. This coefficient tends to be constant in some cases
at Santiago and Rio Grande

VTJ and V L range between 5% and 30%. These coefficients are almost constant at

Santiago for January.

Additional studies covering more stations and conditions are required in order to have
a more complete description of the VTEC behaviour, and try to model the variability
coefficients.
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Abstract: Total electron content TEC data obtained at Tucuman (26.9S; 294.6E) from April
1982 to March 1983 using the Faraday technique were used to evaluate two ionospheric
models: The International Reference Ionosphere model and the TEC provided by the ARTIST
technique. The total electron content of the ionosphere was recorded at Tucuman using the
radio signals from the geostationary satellites ATS-3 a whose subionospheric point was
(25.5S; 291E). Better agreement between modeled and experimental values is observed during
nighttime than during daytime. Both models underestimate TEC during daytime and the IRI
model overestimates TEC during nighttime. The disagreements between observations and
predictions are attributed to inadequate representation of the shape profile above and below the
F2 peak particularly in the topside from where most of the contribution of TEC comes.

Introduction

One of techniques used for the total electron content TEC measurement is based on the Faraday
rotation phenomena. TEC measurements have been made at several stations in the northern
hemisphere but only in a few stations of the southern hemisphere. In particular in Argentina the
unique station where TEC has been obtained is Tucumdn (26.9S; 294.6E, dipole geomagnetic
latitude: -15.6) located near the southern peak of the equatorial anomaly. The first
morphological study from Faraday TEC measurements obtained at Tucuman was presented by
Ezquer and Adler (1989). As the ionosondes do not allow to derive direct information on the
topside electron density profile Huang and Reinisch (2001) proposed a new technique to
construct the topside profile from the bottomside profile that allows to derive total electron
content by integration (ITEC) of the electron density profile.



148

The objective of the present analysis is to compare the Faraday TEC measurements
obtained at Tucuman during a high solar activity time period with IRIITEC predictions and
ITEC values.

Data Used

Faraday TEC measurements obtained from April 1982 and March 1983 at Tucuman (26.9S;
294.6E) using the radio signals from the geostationary satellite ATS-3 (0; 254.7) whose
subionospheric point is (25.5; 291E) have been used in the study. We have selected 4 months:
April (11 days), June (n=10 days), July (n=25 days) and September (n=8 days) in which
ionograms were available. Some days are missing in each month due to the fact that the bad
quality ionograms have been eliminated. Hourly mean values (each 2 hours from 00 LT to 22
LT) of the two parameters have been obtained with the corresponding standard deviations s for
the 4 months analyzed. The IRI TEC predictions (Bilitza, 1997) were obtained using the
experimental values of foF2 and hmF2 as inputs of the model. The ITEC values were
calculating from the ionograms using the inversion program by Huang and Reinisch (2001).

Results

Figure 1 shows for the 4 months analyzed the values of the differences DTEC ( TEC data -
TEC model) in TEC units of 1016 m"2 versus the local time for the two IRI options and for the
ITEC values with indication of the standard deviation of the data s. It can be seen that for
hours of minimum TEC the IRI predictions overestimate the values of TEC while the
agreement between the experimental TEC and the ITEC values is better. For hours of
maximum TEC both models underestimate the TEC values.

Taking into account that the modeled TEC have been obtained using the experimental
values of foF2 and hmF2, the discrepancies between the observed and modeled TEC occur
mainly due to the inadequate representation of profile shape particularly above the F2 density
peak from where the greatest contribution of TEC comes.

One of the parameters related to the shape of the electron density profile is the
equivalent slab thickness EST, defined as the ratio of TEC to the maximum electron density of
the F region, foF2 .

Since the experimental values of the peak electron density foF2 were available the
hourly values of the EST parameter have been obtained for the four months analyzed. The
corresponding EST values derived from the IRI TEC and ITEC values have also been
computed. Figure 2 shows the diurnal variation of the experimental EST values and the
corresponding IRI TEC and ITEC EST values. The IRI EST values are greater than the
experimental ones from 2 to 12 in April, from 00 to 10 in June and July and from 4 to 8 in
September. The ITEC EST values for the same time periods are in better agreement with
experimental data than the IRI model.
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From hours around midday as the IRI model as the Huang and Reinisch (2001)
technique underestimate the EST parameter.

Taking account that the contribution to slab thickness from the topside F layer is much
higher than the contribution from the bottomside profile, the discrepancies between the
experimental and modeled values occur mainly due to inadequate representation of the topside
shape profile.

Conclusions

The results presented in this paper are limited to one station during a high solar activity period.
However they can be helpful as an orientation for future studies that should include a larger
database obtained by different techniques and different geographical and geophysical
conditions.
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Abstract: The validity of International Reference Ionosphere model to predict the vertical
electron content (VTEC) over Arequipa (-16.5, 289.0; geoma. Lat.: - 5.1), station placed near
the magnetic equator, is checked. VTEC measurements obtained with GPS satellite signals
during year 2000 are considered. These data correspond to equinoxes and solstices. The results
are similar to those obtained for the southern peak of the equatorial anomaly in previous work.
In some cases, good VTEC predictions have been observed for hours of maximum ionisation.
Overestimation for nighttime, sunrise and sunset hours were observed. The disagreements
between predictions and measurements could arise because peak characteristics or the shape of
the N profile, or both, are not well predicted. More studies including ionosonde measurements
would be useful

Introduction

Studies to check the validity of IRI model to predict the vertical electron content at the southern
peak of the equatorial anomaly have been done (Ezquer et al., 1995; Ezquer et al., 1998). To
this end ionosonde data and electron content measurements obtained with Faraday rotation
technique at Tucuman (-26.9, 294.6; geomag. Lat.: -15.5) during a high solar activity year were
used. Their results showed that, in general, the model overestimates electron content around the
daily minimum and underestimates it the rest of the day. In order to extend this study to other
conditions, in the present work the validity of IRI model to predict the vertical electron content
over Arequipa (-16.5, 289.0; geoma. Lat.: - 5.1), station placed near the magnetic equator, for
high solar activity, is checked.
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Data and results

Vertical electron content measurements obtained with GPS satellite signals during 2000 are
used. These data correspond to equinoxes and solstices. Two versions of IRI model are
considered to calculate the electron content, namely: IRI 90 considering 10 km for height step
size, and CCIR option; and IRI 95 using the internet on line version (with CCIR option). The
deviation among prediction and measurement was calculated by

D = [(prediction - measurement) / measurement] x 100

Figure 1 shows the results for January solstice. Although the VTEC values obtained with
IRI 95 are greater than those calculated with IRI 90, both models give similar predictions.
Overestimation for night, sunset and sunrise hours are observed. Better results are obtained for
10 LT - 18 LT period. The deviation among predicted and measured VTEC (in % of measured
value) shows that the models overestimation is about 100% or more for night. For hours of
maximum VTEC the deviation ranges between -25 % and 0.

The results for April equinox are shown in figure 2. It can be seen that the overestimation
for the night decreases to 60 %, and that the underestimation for daytime conditions is greater
than that observed for January.

For July solstice a very good agreement among predictions and measurements is
obtained at hours of maximum VTEC, see figure 3.

Figure 4 shows that, for October equinox, the results are similar to those of April.
These results are similar to those obtained by Ezquer et al. (1995; 1998) for the southern

crest of the equatorial anomaly.

Conclusions

The results are similar to those obtained in previous works for the southern peak of the
equatorial anomaly. Overestimation for nighttime, sunrise and sunset hours were observed. In
some cases, good VTEC predictions have been obtained; they correspond to hours of maximum
ionisation.

The observed disagreements between predictions and measurements could arise because
peak characteristics or the shape of the N profile, or both, are not well predicted. More studies
including ionosonde measurements would be useful.
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Abstract: The International Reference Ionosphere model only gives the vertical electron
content (VTEC). In this paper the slant electron content (SEC) for the ATS 6 satellite - Palehua
(21.4° N, 201.9° E) radio signal path for a middle solar activity year is calculated. To this end,
IRI model is used to obtain the electron density at different points of the signal path.
Equinoxes and solstices are considered. Measurements obtained with Faraday rotation
technique at Palehua are compared with the modelled values. Although overestimation was
observed for night hours, the results show good SEC predictions for several hours at period of
maximum ionisation, suggesting that would be possible to model the STEC using IRI.

Introduction

One of the most important effects of the ionosphere on radio waves that traverse it is a
retardation, or group delay (T), on the modulation or information carried on the radio wave,
due to its encounter with the free electrons in the earth's ionosphere. This group delay is
proportional, at least to first order, to the number of free electrons present in a unit cross
section column, which extends from ground up to transmitter satellite.

For the case that the considered column is vertical, i is proportional to the vertical total
electron content (vTEC). Different models have been developed to predict the electron density
(N) distribution in height, which is called N-profile (Chiu, 1975; Anderson et al., 1987; among
others), including the International Reference Ionosphere (IRI) (Bilitza, 1990).

Nevertheless, most of the signal paths are slant paths. In a previous work, using the IRI
model, Ezquer et al (2001) calculated the ionospheric slant electron content (SEC) for the ATS
6 satellite - Boulder (40.13° N, 254.76° E) radio signal path for a low solar activity year
(Jul/74-May/75). The comparison with experimental data showed cases with very good
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agreement between predictions and measurements (July and August at hours of minimum
SEC). But, in general, the model underestimated the SEC.

In order to check the validity of JJRI to predict the SEC for other conditions, in the
present work, we calculate SEC for the ATS 6 satellite - Palehua (21.4° N, 201.9° E) radio
signal path for a moderate solar activity year.

Method and data used

For the considered ray path the satellite was placed at (0° N, 220° E). The CCER option is used
to obtain the peak characteristics (NmF2, hmF2) and equinoxes and solstices are considered.

To calculate the slant electron content (SEC) the lenght of the slant path is divided in
segments of 20 km. The verticals that pass through the ends of these segments intersect the
Earth's surface in different points called auxiliary stations. The co-ordinates of these stations
are determined. With IRI model the electron densities at the points where the slant path
intersects the verticals of the auxiliary stations are calculated and from them the slant N-profile
is obtained. With this slant N-profile the SEC up to 2000 km altitude is calculated.

Measurements obtained with Faraday rotation technique at Palehua (Roelofs, 1980) are
used to compare with the predictions

Results

Figure 1 shows the comparison of measurements with predictions for January and April. It can
be seen that the model gives good predictions around the daily maximum and that
overestimates SEC for the night hours. The predictions for April are better than for January.

Similar results are obtained for July and October as can be seen in figure 2.
The following coefficient of deviation has been calculated

D = [(prediction - measurement) / measurement] * 100

Figure 3 shows that for January the coefficient D reaches values as high as 200 % or
more, while for the 12 LT - 15 LT period the deviation between predictions and measurements
is lower than 20 %. This figure also shows that for April the model overestimates SEC in about
75 % during night hours, and that D ranges between 0 % and 20 % for the 7 - 2 0 LT.

Similar results are obtained for July and October as can be seen in figure 4.

Conclusions

In spite of the deviations observed for night hours, these results suggest that, in general, the
model gives good predictions of SEC for hours of maximum ionisation, moderate solar activity
and for latitudes similar to that considered in this paper.
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More studies for other conditions are required to check the validity of IRI to calculate
the slant electron content.
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Abstract: The validity of IRI to predict the electron density at the topside electron density
profile over the low latitude region is checked. The comparison with measurements obtained
with the Taiyo satellite during low solar activity shows that, the disagreement between
prediction and measurement is lower than 40% for 70% of considered cases. These IRI
predictions are better than those obtained in a previous work at the southern peak of the
equatorial anomaly for high solar activity. Additional studies for low solar activity, using
ionosonde data as input parameters in the model, are needed in order to check if the observed
deviations are due to the predicted peak characteristics or to the predicted shape of the topside
profile.

Introduction

The behaviour of the ionosphere is of primary importance for the systems that use radio signals.
For ionospheric corrections, predictions from ionospheric models can be a useful tool. Different
models have been developed to predict the behaviour of the ionosphere (Chiu, 1975; Bent et al.,
1976; Anderson et al., 1987; among others). One of the most widely used empirical models is
the International Reference Ionosphere (IRI) (Bilitza, 1990).

Obviously, studies to check the performance of the models as predictors of ionospheric
variables are needed. The validity of the models, in general, has been checked using total
electron content (TEC), ionospheric critical frequencies and bottomside electron density
measurements (McNamara, 1984; 1985; Kecic et al., 1994; Radicella and Zhang, 1995; Ezquer
et al., 1995; 1996a; 1996b; 1997, 1998, among others). Ezquer et al. (2000) checked the validity
of IRI to predict the electron density at 600 km of altitude (N<soo) for a given particular time (not
average), over Tucuman (26.9, 294.6; mag. Latitude: -15.5). Tucuman is placed near the
southern peak of the equatorial anomaly. To this end they used the Hinotori satellite data
obtained during the high solar activity period 1981-1982. The Institute of Space and
Astronautical Science Yoshinodai, (Sagamihara, Japan) kindly supplied those data. Those
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authors showed that about 45% of the predictions obtained with the CCIR option in the IRI
model have deviations from the measurements between 40 and 70%.

In order to extend this study to other conditions, in this paper we consider the electron
density (N) at different altitudes in the topside of the low latitude ionosphere, during a low solar
activity period.

Data used

In this paper in situ data from the Japanese Taiyo satellite as published in an Institute of Space
and Astronautical Science report (Oya and Oyama, 1985) are used. The Taiyo data are from the
solar cycle minimum period 1974 - 1975 from a low inclination orbit (-31.5 degrees). They are
measurements for a given particular time (not average) over different places in the low latitude
region. In this paper we separated the data in different altitude ranges.

Results

Figure 1 shows the comparison of the measurements with predictions obtained with CCIR
option (IRI-CCIR) and those corresponding to URSI option (IRI-URSI). The comparison for the
altitude ranging 550 - 650 km is at the top panel of this figure. The straight line is the first
bisector. It can be seen that the model tends to underestimate the electron density when N values
are greater than 3 x 105 cm"3.

Similar results are observed for the other altitude ranges (see bottom panel of Fig. 1 and
Fig. 2). For the highest altitudes IRI tends to underestimate the electron density when N values
are greater than 1.5 x 105 cm"3.

Figure 3 shows the percentage of cases with a given absolute deviation among
predictions and measurements. The top of this figure shows the results for the 550 - 750 km
altitude range, it can be seen that 40% of the IRI-CCIR and IRI-URSI predictions have
deviations between 0 and 20% and that, about 70% of the predictions have deviations lower than
40%. Similar results are observed for the 650-750 km altitude range in the bottom of figure 3.
These results suggest that the model gives better predictions for this set of data than for that
used by Ezquer et al. (2000). It could be produced because of the measurements used in this
paper correspond to low solar activity and not all of them were obtained at the peaks of the
equatorial anomaly.

Conclusions

The comparison among predicted and measured electron density at the topside profile in the low
latitude region, for low solar activity, shows that:

• 40% of the predicted values have a deviation lower than 20%

• 70% of the predicted values have a deviation lower than 40%
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• These IRI predictions are better than those obtained in a previous work at the southern peak
of the equatorial anomaly for high solar activity.

Additional studies for low solar activity, using ionosonde data as input parameters in the
model, are needed in order to check if the observed deviations are due to the predicted peak
characteristics or to the predicted shape of the topside profile.
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Abstract: The topside of the ionosphere still has modeling limitations due to the lack of large
databases of topside ionograms. Recently the IZMIRAN started to make available the database
of topside ionograms obtained by the satellites Intercosmos 19 and Cosmos 1809, covering
periods of high and low solar activity respectively. This paper presents the first results of the
use of those profiles to fit the topside shape parameter, as it is formulated in the NeQuick
model. Differences are noted between high and low solar activity, even if at present only few
profiles are available from the Cosmos-1809 satellite.

Introduction

The possibility to access new databases of topside ionograms allows to test existing models,
like ERI or NeQuick and to verify the mathematical functions used to model the topside. Here
we present some results obtained fitting the shape parameter of a formulation of the topside in

Z
N(h>hmF2) = 4NF2

. + ezza

the form of a semi-Epstein layer in this formulation it is set:

h-hmF2
r-g(h-hmF2)

0 + r-H0 + g(h-hmF2)
Hn=k-B,
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and the constants are r=100.0 and g=0.125.
The parameter HO is governing the thickness of the topside and is related to the

bottomside thickness B2. This is done through the k factor introduced by Radicella and Zhang
(1995), which is the one of interest in the present paper.

Data Used

The IZMIRAN database of topside ionograms of Intercosmos-19 and Cosmos-1809 satellites
was used. It is available in the WEB at http://antares.izmiran.rssi.ru/projects/IK19/.
Intercosmos-19 flew from March 1979 to December 1980, a period of high solar activity. The
database contains nearly 7000 topside profiles taken by that satellite under various conditions.
A map of the positions of all available profiles is shown in Fig.l.

Cosmos-1809 flew during a period of low solar activity and the half-thousand profiles
available during the preparation of this work are in the period from June to September 1987. A
map of the positions of all available profiles from Cosmos-1809 is shown in Fig. 2.

For each topside profile, reaching the maximum of the F2 layer, the value of k as
defined in the above formulae was fitted. B2 was computed using the NeQuick model fed by
the peak values of the profile.

Results

The sets of k coefficients were analyzed to find if some relations could be found with the
various parameters, in both high and low solar activities. In Figs. 3,4,5,6 the results for
Intercosmos-19 satellite are shown and in Figs. 7,8,9,10 results for Cosmos-1809 satellite. They
show the scatter plots of the fitted values of k with respect to foF2 (Figs. 3 and 7), with respect
to hmF2 (Figs. 4 and 8), with respect to modified Dip latitude (Figs. 5 and 9) and to local time
(Figs. 6 and 10). For the larger Intercosmos-19 database it was also possible to compare k
behavior during December and June solstices as a function of modiplatitude and local time.

The scatter plots of all data together without any filtering can make it harder to find
relations, but general tendencies are noticeable.

A k dependency on all the shown parameters: foF2, hmF2, local time, Modified Dip
latitude is found. In particular the k dependency on Modified Dip latitude is found to be
symmetrical with respect to the magnetic equator, increasing as latitude increases and with a
larger values spreading at the equator.

The k behaviors under high and low solar activity show similarities but also
differences, reflecting also the huge difference in the number of profiles analyzed. During low
solar activity in many cases larger k values are found, especially at high latitudes.
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Conclusions

The IZMIRAN database of topside electron density profiles from Intercosmos-19 and Cosmos-
1809 was used to fit the k parameter appearing in a semi-Epstein layer formulation of the
ionosphere topside. Dependencies of k on some geophysical parameters were sought in
particular on foF2, hmF2, local time and Modified Dip latitude.

The different behavior for high and low solar activity can be noticed, but in the case of
low solar activity a larger set of data is needed to push the analysis further.
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Figl: InterCosmos 19 Data
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Fig 2: Cosmos-1809 data

Each red point corresponds to a topside profile



Fig 3: Intercosmos-19, K as
function of foF2
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Fig 5: Intercosmos-19, K as
function of

K fitted

12

Modiplat
-75 - 5 0



Fig 6: Intercosmos-19, K as
function of Local Time
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Fig 7: Cosmos-1809, K as
function of foF2
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Fig 8: Cosmos-1809, Kas
function of hmF2
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Fig 9: Cosmos-1809, Kas
function of MoDipLatitude
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Fig. 10:Cosmos-1809,Kas
function of Local Time
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