
value of a = 0 corresponds to neutral ex
tinction of the wavelength by large parti
cles, such as dust and fog; a value of a = 2 
corresponds to very fine particles. The 
values of a are largely confined to the re
gion 0.5 ~ a ~ 1.8 with an average near 
a = 1.3. Seasonal variations in a are not 
as pronounced as in the turbidity data. 

Since the turbidity observations extend 
back to July 1974, it should be possible to 
extract any time trends in the data, parti
cularly any changes in the frequency of hazy 
days and in the magnitude of the annual mean 
turbidities. Several problems need to be 
addressed before these time trends can be 
sought. First of all, two different sun
photometers were used to obtain the turbi
dity data since 1974, each having a differ
ent set of wavelength selection filters. 
The first unit was used from July 1974 
through October 1976, whil e the second unit 
was used from October 1976 to the present. 
The effective wavelengths are 557.8 nm and 
547.8 nm, for the first and second sunphoto
meters, respectively. Hence, the turbidi
ties would have to be adjusted to a common 
wavelength for proper registration of the 
time sequence. Another important problem is 
readily apparent from an inspection of Fig
ure 4. The observations are clustered 
around times of the year when clear skies 
(or at least when the line-of-sight to the 
sun is cloud-free) prevail. Consequently, 
simple averaging schemes will tend to give 
undue weight to certain times of the year. 
The magnitude of the bias towards clear 
skies and high-pressure meteorological con
ditions is at this point unknown, since 
cloudy days can either be hazy or not, de
pending upon a variety of factors. Appro
priate statistical procedures need to be 
evaluated to deal with these problems. Re
sults of the examination for time trends in 
atmospheric turbidity will be the subject of 
a later report. 
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Differential Turbidity at Hanford 

N. S. Laulainen, E. W. Kleckner, 
J. J. Michalsky and G. M. Stokes 

Experiments continued in FY 1979 to exam
ine differential turbidity effects on inso
lation as measured at the earth's surface. 
These experiments are primarily intended to 
provide means for interpreting insolation
data assessment studies. These data are 
also valuable for inferring aerosol radia
tive or optical effects, which is an impor
tant consideration in evaluating inadvertent 
climate modification and visibility degrada
tion as a result of aerosols. The experi
ments are characterized by frequent, nearly 
simultaneous observations at the Rattlesnake 
Mountain Observatory (RMO) and the Hanford 
~leteorological Station (HMS) and take advan
tage of the nearly 1-km altitude difference 
between these two observing sites (Laulainen 
et al. 1979). 

The instrumentation is similar to that 
used in the earlier experiments (Laulainen 
et al. 1979). Because of calibration pro
blems, the portable field pyranometers were 
discontinued and replaced at the RMO site 
by an Eppley PSP pyranometer and a silicon
cell pyranometer with a rotating shadow 
band. Direct solar measurements were con
tinued with 10-channel sunphotometers, the 
MASP unit (R~10 only) and an Eppley NIP 
pyrheliometer (HMS only). A regular program 
of washing the dome of the MASP unit at the 
RMO site was initiated because of difficul
ties in maintaining precise and reliable 
calibration factors necessary for interpre
ting the direct measurements. 



Considerable effort has gone into proce
dures to rehabilitate direct solar data from 
the MASP unit before the dome-washing pro
gram. This rehabilitation is not yet com
plete; hence, summarized here are only dif
ferential turbidities obtained from the 1978 
to 1979 sunphotometer data. In addition to 
the two sites mentioned above, a third site, 
located at the southeastern base of Rattle
snake Mountain and near the gate to the Arid 
Land Ecology (ALE) Reserve, was used on some 
occasions. The difference between the aero
sol optical depths measured at either the 
ALE or the HMS sites and the RMO site is re
lated to the average extinction coefficient 
of the aerosol contained in the layer be
tween these sites, respectively. Turbidity 
and extinction data obtained during 4 days 
in 1978 and 6 days in 1979 are shown in 
Table 2 along with comment on sky conditions. 
Visibilities, as reported at HMS, were all 
greater than 25 km (the maximum value re
ported) for the days listed. 

Inspection of Table 2 shows that in all 
but two cases, the turbidity difference be-

tween H~lS and RMO is positive, although in 
three cases the differences are quite small 
('<0.01). S'ince the uncertainty in the indi
vidual turbidity values is about 0.005 to 
0.010, turbidity differences that are less 
than 0.010 may not be significantly differ
ent from zero. In particular, for the days 
August 7, 1978, October 30, 1978, and Sep
tember 18, 1979, the average aerosol extinc
tion coefficient is roughly one third to 
one times that resulting from molecular or 
Rayleigh scattering (0.12 x 10-Q m- 1 at 
A = 547.7 nm). Observations of atmospheric 
transparency for these days indicated none 
to very little haze in the layer between 
the RMO and HMS sites. Consequently, the 
contribution haze from aerosols above RMO 
were of some significance, especially for 
the September 18, 1979 day. Subvisual cir
rus may have contributed to the measured 
turbidities also. 

For the other days, except July 31, 1979 
and August 2, 1979, when negative differ
ences were observed, turbidity differences 
were large enough to produce average 

TABLE 2. Aerosol Optical Depth Turbidity at 547.7 nm Wavelength at RMO, HMS and the Base of Rattlesnake 
Mountain (ALE) 

Average Aerosol 
Exti nction 

Aerosol Optical Depth Difference(a) Coefficiendb) 
Date T(HMS) T(ALE) T{RMO) t:.T (10- 4 m-1) Sky Conditions 

July 13, 1978 0.097 0.098 0.074 0.024 0.281 Clear, Light Haze 
August 7, 1978 0.042 0.042 0.034 0.008 0.09 Clear 
October 30, 1978 0.040 0.033 0.033 0.003 0.Q3 Some Cirrus (0.2) 
December 18, 1978 0.078 0.086 0.035 0.047 0.54 Clear, Light Haze, 

Smoke 

April 26, 1979 0.166 0.156 0.137 0.024 0.28 Clear, Haze, Smoke 
July 26, 1979 0.126 0.103 0.103 0.020 0.23 Clear, Haze, Smoke 
July 31, 1979 0.036 0.054 Clear 
August 2, 1979 a.036 0.060 Clear 
September 5, 1979 0.109 0.034 0,075 0.86 Cirrus, Altocumulus 

(0.1), Light Haze 

September 18, 1979 0.121 0.117 0.004 0.05 Clear, Haze, Smoke 

(a) Difference =V2[ T (HMS) + T (ALE)] - T (RMO) when data from both sites available; otherwise difference = 

T (HMS) - T (RMO). 
(b) Average Extinction Coefficient = AT /[h (RMO) - h(HMS)] 
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aerosol extinction coefficients between 
2 and 8 times Rayleigh scattering. Data for 
the December 18, 1978 and September 5, 1979 
dates indicate that most of the aerosol was 
confined to the layer below the RMO site, 
while on the remaining dates, the aerosol 
was distributed to altitudes higher than the 
R~'O site. An explanation for the anomalous 
negative turbidity differences is not appar
ent, although horizontal inhomogeneity of 
the aerosol could account for the discrep
ancy (RMO is 25 km south of HMS). 

This study has shown that nearly simul
taneous measurements of the direct solar 
beam from stationary sites that are separ
ated ina ltitude can be used to monitor the 
incremental optical depth arising from aero-
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sols in the intervening layer. Once appro
priate calibration procedures have been es
tablished for the MASP unit, the direct 
solar data can be used to document on a rou
tine basis aerosol variations in the first 
kilometer between HMS and RMO. 
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