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Atmospheric transmillllllCC is estimated by measuring the direct-normal solar irradiancc :It

the surface by a sun-photometer or a spl.'Ctro-radiometer. Both of these types of instruments
were used 10 detemlinc the most variable components of lhe almospheric transmissioll.
;lcrosol opticalthidncss (AOT) and precipitable w:ller vapor (PW) in em, during ;Ill inlerna
tlonal field experiment, KUREX'9l, held in July, 1(1)1 in the Streletskaya Steppe 13iospbcric
Reserve ncar Kursk, RlIssia, A narrow field of view sun-photomcter provided AOT in 7
discrete spectral channels from 440-nm to lU30-nm ;lIld PW from observations in the 940-l1m
channel. A spct:tro-radiometcr provided AOT al 70 spectral intervals in tlte .lSD-om to 550
nm range, The laller also provided measurements of diffuse sky irradiance at the surface.
130th the instruments were calihrated hy the Langley plot method or Ihc long-Bouguer
mcthod as it is known in the Russian literalurc. The derived AOT arc inverted to obtain
aerosol size distribution with the help or an algorithm h;lsed on Twilly's method, Size distri
butions derived by eXlinction measurements arc compared with those derived from aureole
measurements. Results from KUREX'IJ! show th;1t on some days a significant portion of
aerosols may be mona-disperse. indicating their anthropogenic origin.
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INTRODUCTION

R.N. HALTI-IORE Cl al.

Water vapor and aerosols contribute major uncertamtles in estimation
of the components of the global radiation budget. Accurate estimates of
water vapor abundance are necessary to correctly predict the extent of
atmospheric absorption of solar energy and the resulting atmospheric
emission to space. Accurate estimates of aerosol optical properties
including <lerosol optical thickness, single scattering albedo (a measure
of scattering to extinction ratio) and asymmetry parameter (a measure of
angular distribution of scaltered light) are required to predict the effect of
aerosols on the net radiation budget. The latter effect could be negative,
meaning that the effect of aerosols could be a net cooling of the atmo
sphere counteracting the greenhouse warming due to increase in absorbing
gases. Of immediate concern to many of the international groups of scien
lists gathered in July, 1991 at the Streletskaya Steppe Biospheric Reserve
ncar Kursk in the southern part of Russia, was the possibility of accurate
estimates of surface biophysical properties by remote sensing. Relation
ship of surface parameters such as renectance and temperature (and their
derived parameters such as the vegetation biomass, leaf area index and
photosynthetically active radiation) to the at-sensor radiance is obtained
using models that describe the radiation field in the earth-atmosphere
system with varying degrees of complexity and accuracy. The models typi
cally perform atmospheric corrcctio/l - a term that denotes the fact that in
surface studies atmospheric interaction with the radiance field is noise
that should be eliminated.

Estimate of the surface or atmospheric properties from remotely sensed
data requires the knowledge of componenls of the atmosphere that have
the maximum effect on lhe ollt-going radiation (as sampled by a satellite
or an aircraft). Atmospheric correction of remotely sensed dala is now
accepted as an integral part of any research that requires retrieval of
surface properties from sensors aboard satellite and aircraft platforms.
Halthore and Markham (1992) showed lhat uncertainty in the measure
ment of AOT and PW have comparable effect on the retrieval of surface
renectance in those bands thal do nol include the major water absorption
bands. An uncertainty in AOT of 0.01, routinely achieved at present by
performing calibration at mountain siles before and after a field experi
ment directly translales to a 1% aCCUnlcy in the retrieved surface renec
lance. Except under t~lirly turbid atmospheric conditions, measurement
uncertainties in atmospheric transmission are one of the most important
quantities that affect the retrieval of surface properties from remote data;
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under turbid atmospheric conditions, insufficient accuracy in the multiple
scattering algorithms are more important than the AOT uncertainty.

In this paper, we report Illcusurements of tOlal and aerosol optical
thickness, and waler vapor column abundance during a period of 3 weeks
beginning July 6, 1991 and ending on Jnly 25, 1991. We also reporl
aerosol size distribution obtained by inversion of AOT versus wavelength
curves and validate the distribution by comparison with a method that
obtains size distribution by inverting the solar aureole radiance.

INSTRUMENTS

Results froIll an eight channel, auto-sun tracking sunphotometer,
commonly known as SXM-2 (Halthore et aI., 1990, 1992b), built at the
NASA Goddard Space Flight Center, Greenbelt, Maryland, USA, are
presented here. Data were acquired and stored automatically on a computer.
Of the eight channels at 441, 522, 613, 672, 781, 872, 940 and 1030 nm,
the 940 nm channel is coincident with the strong water vapor absorption
band and is thus used to derive water column abundance (Halthore et aI.,
1997); the other 7 channels provide the vertical aerosol optical thickness
(AOT). The bandwidth of aerosol channels was between about 10 and
20 nm (full width at half maximum, FWHM) whereas that of Ihe 940 nm
channel was 40 nm. The SXM-2 has a 1.2° field-of-view and can be oper
aled in the sky scanning mode although only data from the sun-tracking
mode are analyzed here. The instrument cycles through all the channels in
about 10-15s with a minimum repetition rate of 30s employed during
periods of rapid airmass change in the mornings and evenings. The
maximum delay between cycles, 4 min, was employed during afternoons
when the change in airmass is relatively small.

The spectro-radiometer built at the Meteorological Observatory of the
Moscow State University (hereafter MSU), Moscow, Russia, measures
direct, diffuse and total solar irradiance in the range 300-580 nm with a
nominal speclral resolution of 2 nm at 300 nm and 10 nm at 575 nm. Irra
diance is measured in 70 narrow spectral bands, 44 of them being in the
UV range. It consists of a double-monochromator with quarlz optics
(Vysotsky et aI., 1982) with an "integrating checker" placed at the
entrance slit. The integrating checker allows a view angle of 1800 and
consists of a metal hemisphere surrounded by a hemispheric quartz cap
with a screen and tube containing diaphragms which exclude direct solar
radiation from falling on Ihe slit. This type of checker possesses a greater
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light gathering power than the usual photometric spheres. Collimators
(tubes) are changed to observe the sun with a 5' field of view for direct
irradiance or exclude 10° around the sun for a diffuse sky measurement.
Thus, the direct solar irradiance measurement is accomplished much as in
a sun-photometer with the use of a narrow angle collimator. Sensitivity
control of the instrument during field measurements is obtained by
checking against an incandescent lamp at 53411m.

METHOD

Application of Bouguer's law (also known as Bouguer-Lambert-Beer
(B-L-B) law) forms the basis of atmospheric optical thickness measure
ment in channels that do not include molecular band absorption (i.e.,
940 nm band). The theoretical basis is extensively discussed in literature
(Shaw, 1983) and is relatively simple and straightforward. It follows from
the Bouguer's basic assumption that the attenuation of a beam of irra
diance is linearly proportional to the amount of matter in the intervening
path. For those channels that include a molecular absorption band, the
attenuation with distance is not necessarily linearly proportional to the
amount of matter. There are three types of light attenuation - molecular
scattering or Rayleigh scattering, aerosol attenuation by scattering and
absorption, and trace gas absorption. In Rayleigh scaltering molecules
which have dimensions much smaller than the wavelength of light,
attenuate light by dipole interaction that is strongly dependent on the
frequency of light. [n fact, Rayleigh showed that the scattering cross
section is proportional to 4th power of the frequency; thus blue light in
the sky is attenuated much more strongly than the red. Particles or aero
sols having dimensions comparable to the wavelength of light interact
strongly with the light in a complex way; the theory for spherical particles
was developed by Mie and this type of interaction is therefore known as
Mie scattering. Trace gases such as ozone, carbon-dioxide and water that
possess a permanent dipole moment absorb incoming energy into many of
their internal energy modes such as vibration, rotation and electronic
manifolds in specific transitions of their internal energy states giving the
appearance of "line'" spectra in any of their molecular absorption bands.
Since absorption occurs according to Bouguer's law within those lines,
Iiglit energy in tlie original beam is preferentially attenuated witliin those
lines and subsequent passage of light through matter proceeds witli little
attenuation olltside of those lines but within the band. This is the origin
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of non-linear dependence of attenuation on column abundance. Contin
uum absorption by ozone and water vapor still follows Bouguer's law,
however.

If V is the voltage response of the sun-photometer to solar irradiance at
the ground,

( I )

where Vo is the calibration coefficient and represeJ1ls the fictitious instru
ment response to exo-almospheric solar irradiance when the Earth-Sun
distance r is I Astronomical Unit (A U) (the mean distance). The airmass
m depends in general on the altenuator denoted by subscript R for
Rayleigh scattering, 02 for ozone continuum absorption and aCT for
aerosol scattering and absorption. These components are assumed to
follow Bouguer's law of attenuation where the optical thickness is linearly
dependent on column abundance. For the channel containing the water
absorption band (940 nm band), the water absorption does not follow
Bouguer's law and instead the transmission Tw is written as (Halthore
et aI., 1992a; Bruegge et aI., 1992),

Tw = exp( -mtl') = exp( -aWhmh), (2)

where 11' is the path water abundance in gcm-2, HI is the precipitable
water (vertical column abundance) in gcm-::! or em of water, and (l and b
are constants to be determined independently by the use of a radiative
transfer algorithm. The procedure to obtain coefficients nand b is
described in Halthore et al. (1997); MODTRAN (Version 1.\) was used in
conjunction with "standard atmospheres" to analyze Kursk data. Substi
tuting Eq. (2) in Eq. (I) and rearranging, we have

In(V) + (lilT)" + (111")0' + (III.)"" = In(Vo/r') - aW"II,". (3)

A plot of the left-hand side of this equation versus IIi' is linear if W
does not change during the period of measurement and the)' intercept
then gives the calibration coefficient 1'0. The aerosol oplical thickness in
the water band for estimating the lert hand side of Eq. (3) is obtained by
an Angstrom interpolation (that is, using 7 rv a)..-/J, where 0: and {3 are
Angstrom coerticients). Equation (3) forms the basis of water vapor
column abundance measurement using sun-photometers or enables
measuremem of AOT in non-water absorbing channels by neglecting the
last term on the right-hand side. Rayleigh optical thickness is accurately
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determined by a measurement or estimate of surface pressure and ozone
contribution is estimated from known absorption cross-sections and abun
dancc estimates from climatology. Determination of Vo in Eq. (3) requires
calibration for sun-photometers and is discussed next.

CALIBRATION

For non-water absorbing channels, a plot of [In( V) + (IIIT)R + (IIIT)o,1

versus III"" produces a straight line with [In( Volr
2)1 as the y-intercept for

zero airmass. provided AOT remains constant during calibration. This is
the well known Langley plot or the long-Bouguer method. Likewise, a
plot of left-hand side of Eq. (3) versus IIi' allows the calibration coeffI
cient Vo to be determined provided both AOT and W remain constant
during calibration. This is generally termed as the Modified Langley
Method (MLM) after Reagan et al. (1987). Conditions most favorable for
calibration are at mountain sites well above the local boundary layer
during mornings when the airmass change is maximum and during which
time the convective currents from below have not had a chance to affect
the measurements.

Calibration of SXM-2 was made at two sites: one before KUREX'91 in
June, 1991 at Sunspot (2805m elevation) in New Mexico; and the other
after KUREX'91 in September, 1991 at Mauna Loa (elevation: 3963.4m)
in Hawaii. By September the effects of Pinatubo volcano (on the island of
Luzon, Philippines), which erupted on June IS, caused an increase in the
stratospheric aerosol optical thickness at Mauna Loa to unacceptable
levels for calibration. Measured AOT values on September 28 on Mauna
Loa were 0.21,0.17,0.166,0.161,0.15, and 0.14 at 441, 522, 613, 672, 781
and 872 nm, respectively. Note that background AOT values are typically
of the order of 10-3 at Mauna Loa. Thus post-KUREX'91 calibration for
the AOT channels could not be achieved. For the water channel, due to
the large band width, the signal saturated at low airmass at both the
mountain sites so that calibration was performed only at high airmass.
Calibration in Hawaii yielded good results for the water channel owing to
the low column abundance of water vapor; presence of stratospheric aero
sols from the Pinatubo eruption had no effect. At Sunspot in New
Mexico, pre-KUREX'91 calibration yielded Vo's from three good Langley
plots in most channels which differed from each other by less than 1%.
The aerosol optical thickness was relatively low approximately in the
range 10-1-10- 1 in the visible channels. lnter-comparison with a hand
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held sun-photometer before and during KUREX'91 showed that neither
instrumcnt hod degraded ond that the calibration coemcients obtained at
Sunspot were reliable. We estimate that the accuracy in the calibration to
be in [he 1-2% range.

For the calibration of the 940 nm channel using the M LM method, we
use MODTRAN (Version 1.1) and the mid-latitude summer atmospheric
prolile availoble in the program itself to determine a and b in Eq. (2).
Specilically, we ran MODTRAN in the tmnsmission mode and then
convolved the resulting transmittance with the 940 nm channel IiIter func
tion to obtain the band transmission. The transmittance Tw is calculated
at various solar zenith angles for known path waler abundance 11'. A plot
of 10g(1og(ljTw)) versus log(",) gives a straight line whose slope is band
whose y-intercept is log(a). Holthore et al. (1997) have shown that for a
broad band 940 nm chonnel, such os that used here, coemcients a and b
arc sensitive fUilcliOIlS of the type of atmosphere llsed during calibration
and during measurement. Ideally radiosonde data should be used during
both calibration and measurement. As the radiosonde datu were unavail
able during this campaign we used standard atmospheres from clima
tology for much of the data analysis; therefore we expect the derived
water column abundance to have a large uncertainty, perhaps in the
10-15% range.

Absolute calibration of the direct-normal solar irradiance as measured

by the MSU spectro-photometer was made using the long-Bouguer's
(Langley) method. Furthcrmore, the spectral resolution of the instrument
was characterized taking into account monochromator aperture functions,
dispersion of prisms, rate of running the spectra, and time of averaging
initial signals. Exo-atmospheric solar radiation as a function of wave
length was applied in accordance with the World Meteorological Organi
zation recommendations to clllibrate instrument response for the direct,
diffuse and total downward irradiance. The spectral resolution was found
to vary from 1.9 nm at 297 nm to 9.6 nm al 575 nm. The cosinc correction
was less than 100/n for solar zenith angle less than 70° and was within
1-3°,.{, when the solar zenith angle was less than 60°. For the analysis of
the MSU data, the lolal ozone content was assumed constanl for the
entire lield campaign and equal to average values for Voronezh (0.36alm
Col or 360 Dobson Units (DU), July 1991), a town that is near Kursk and
the nearesl station belonging to the ozonometric network. The variability
for July 1991 was ±0.025 atm-cm and this leads to an uncertainty in the
AOT of about 12'V, in visible spectral bands. Halthore and Markham
(1992) calculated that at the peak of the Chappuis band (~0.6ILm) the
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ozone optical thickness due to 300 DU of ozone is 0.04; thus for an
uncertainty of 25 DU in ozone column abundance, this translates to an
uncertainty in AOT of 0.003.

RESULTS AND DISCUSSION

Measurements with the SXM-2 were possible on July 7 (900-1500 hours,
local clock time), 8 (900-1500), 9 (900-1100), 14 (800-1400), 17
(830-1500), 20 (900-1850), 21 (600-1000),22 (1245-1330) and 25 (830
I 130). Other days and times were either clouded out and rained out
except for July 10 which was a clear day but had been predetermined to
be a rest day. The Kursk local clock time is 3 h ahead of UT. Aerosol
optical thickness values (Fig. I) varied from a IowaI' 0.02 on July 14 to a
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high of 1.3 on July 22 for the 44lnm channel. The range for Ihe precipi
table water was 1.7 (July 14) to 4.3 (July 22). Table I gives the averaged
values of the aerosol optical thickness in three channels (441, 672, 872nm)
and the precipitable waler in cm for Ihe duration of KUREX'91. Within
each time period, the values may change considerably as can be seen from
Fig. I. In an earlier reporl on the KUREX'91 measurements (Hallhore
el aI., 1992a), we had presenled a version of Table I with PW values thai
were derived using LOWTRAN-7, a low resolution radialive transfer
model. The current values based on MODTRAN are seen 10 be aboul
9% higher and do not have the problem of misinterpretation of
LOWTRAN7 results. AOT and PW values on July 14 are among the
lowest and can be explained by the presence of cold, dry, clean Arclic
airmass brought in by the passage of a cold front on July 12. The highest
values of AOT and PW seen on July 22 are Ihe result of an apparently
easterly now of 7 mls in the boundary layer (A. Grin, private communica
lion, 1991) Ihal broughl in the airmass from soulh-eastern part of
European Russia. AOT as measured by Ihe MSU is also plotted in Fig. I;
Ihe values are usually well within ± 0.05 of Ihose of SXM-2 showing thai
Ihe independenlly calibrated instruments give consistenl results. Also
apparent in Fig. I and Table I is the correlation between AOT and PW.
Correlation coefficienl among the AOT values in differenl channels is
beller Ihan 0.97 (R"J and Ihal between any of Ihe AOT channels and

TABLE t Average vLllucs of AOT and PW measured by SXM-2 for some select intervals

Dale KlIr.~k cI/J('k AenuoJ optical IlJickll('.'i.f P"'ci/Jitahh'
rillll' 1I'lIler, em

441 nm 673nm 872nm

7/7 900-1200 0.14 0.07 0.06 2.60
7/8 1100-1200 0.16 0.08 0.06 3.00

1300-1400 0.15 0.09 0.07 3.00
7/9 915-945 0.12 0.08 0.06 ).00
7/14 830-1000 0.04 0.02 0.02 1.97

1000-1200 0.03 0.02 0.01 2.15
1200-1400 0.05 0.04 0.03 2.26

7/17 830-1300 0.15 0.D7 0.05 2.30
1300-1400 0.2 0.1 0.06 2.62

7/20 900-1000 0.18 0.1 0.06 1.97
1000-1200 0.11 0.06 0.04 1.86
1200-1300 0.22 0.12 0.08 2.18
1300-1400 0.25-0.1 0.12-0.08 0.08-0.06 2.18
1400-lfioo 0.13 0.09 0.06 2.18
1600-1800 0.17 0.1 0.07 2.40

7/21 700-800 0.43 0.22 0.14 105
7/22 1300 0.9 0.55 0.35 4.53
7/25 830-1130 0.07 0.04 0.03 1.80
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PW IS about 0.75. In the First International Satellite Land Surface
Climatology Project (ISLSCP) Field Experiment (FIFE) held in 1987 and
1989 on surface terrain and location similar to the one at Kursk, the
correlation coerncient between AOT (440 nm) and speciIic humidity was
found to be 0.8 and 0.1 respectively (Halthore et aI., 1992b). Thus the
current finding is more similar to F1FE'87 than FIFE'89 in this regard.

Spectral features of the total and aerosol optical thicknesses (TOT and
AOT) as measured by MSU are shown in Fig. 2. Not surprisingly the
total optical thickness is increasing with decrease in wavelength at a much
faster rate than the AOT because of increased Rayleigh scattering. The

role of aerosols increases with wavelength in the visible region. For
example, for the clear day 7/7/91, the ratio of AOT/TOT has increased
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l"rol11 0.33 at 340nl11 to 0.50 at 580nl11. For the day of high opacity (7/22/
91) Ihe aerosol fraclional conlribution increases from 0.62 to 0.83 al the
same wavelengths. For all days. the difference between TOT and AOT is
constant at any given wavelength because a constant ozone column
abundance was llsed to derive AOT; because of ozone absorption, this
differencc docs not follow the (I/A4) dcpendcnce.

The ratio of tOlal hemispherical downward irmdiance at the surl~lce to
extra-terrestrial downward irradiance is a measure of the atmospheric
transmission. For zero surface reneclance, the ratio is in fact the vertical
transmittance of the atmosphere. This ratio, which is the normalized
surrace irradiance, is plotted in Fig. 3 for three solar zenith angles on
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July 20 from MSU measurements of the total surface irradiance. The
extra-terrestrial value refers to the mean Earth-Sun distance of I AU.
Increasing solar zenith angle decreases the ratio as expected. The trans
mittance depends strongly on the wavelength with the sharp drop for
wavelengths shortward of 330 nm caused by ozone absorption.

Angstrom exponent is an indicator of the type of airmass present
during measurements. It is the slope of the 10g(AOT) versus log(wave
length) curve. In general high values of the exponent indicate the presence
of clean continental airmass containing small particles, and values close to
zero (nat curves) are caused by the presence of large particles such as
those found in desert environments or humid, urban environments. Cirrus
clouds typically have values less than 0.5. Figure 4 shows a histogram of
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the Angstrom exponent for all the data obtained by SXM-2 in
KUREX'91. Over 80% of Ihe Angstrom plots had a goodness of least
square fit (R2

) close to 0.97 (see Fig. 6(a)). However, there were many
cases, significantly on July 14 when the AOT was lowesI and on July 25,
that the R2 was below 0.9. There were episodes on other days as well with
R2 below 0.9. We will argue with the aid of inferred size distribution that
such a deviation from Angstrom fit may be Ihe result of the presence of
mono-disperse aerosols, primarily man-made, rather than a broader,
power-law type distribution characteristic of natural aerosols.

Superimposed on the histogram in Fig. 4 are also the results of
FIFE'87 and FIFE'89 field campaigns. The bimodal distribution observed
in 1987 is not seen in the other two curves. In FIFE'87 the presence of
two contrasting airmasses - one cool, clean and dry continental airmass
and the other wet, turbid and warm "gull" airmass (meaning that the
origin of this airmass was in the Gulf of Mexico) - undoubtedly caused
this bimodal distribution. The gulf airmass had values less than I,
whereas the continental airmass had values greater than I. No such clear
distinction was possible in 1989 or here in KUREX'91 data. We observe
that the mean value of the Angstrom exponent is close to 1.31, less than
1.6 observed for the continental airmass in FIFE'87, so that a indis
tinguishable mixture of continental and marine airmass may have been
present during this experiment. Detailed measurements of the aerosol
single scattering albedo, composition and phase function or accurate
trajectory analysis are not available 10 present definitive arguments.

We further explore the behavior of Angstrom exponent in this field
experiment with the aid of aerosol size distribution inversions. Here we
use the method of Twitty (1974) wherein the expression for AOT (T) as a
function of wavelength >',

is inverted to obtain the column averaged size distribution (dN/dr) in
units of #llm- 2 11m-t. Extinction efficiency Q"t is computed by a Mie
scattering code (Dave, 1968) as a function of size parameter (defined as
2"r/>', where r is the radius of the panicle) and refractive index J.L. The
latter is assumed in the absence of measurements of the aerosol composi
tion to be 1.41 ± 0.0000 Ii, a value that is considered typical of aerosols at
mid-Ialitudes. The inversion was first tested for the case of perfect
Angstrom behavior (T ~ a,1 -h) to obtain a size distribution (dN/dr ~ a-'·)
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with I' = b -\- 3. Next we tested the code against an independent and
complementary method that inverts the solar aureole measurements of a
sky-scanning sun-photometer to yield size distribution (Nakajima et aI.,
1983). Figure 5 shows the result of inverting by the two methods for the
AOT and the aureole radiance data taken by the same instrument (in this
case a Cimel sun-photometer) at almost the same lime. The two methods
are complementary since while the AOT is indicative of the extinction effi
ciency, the solar aureole brightness depends on the scattering efficiency for
scattering in the predominantly forward direction. Forward scattering is
sensitive to large particles due to the large asymmetry factor (close to I).
The comparison in Fig. 5 is for data taken at Department of Energy's
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FIGURE 5 Columnar size distribution as derived by Nakajima's method (open circles) from
the solar aureole radiance is compared with that derived by Twitty's method (filled circles)
from the AOT versus wavelength curve. Data arc obtained at the CART ARM site in North
Central Oklahoma on September 27.1997.
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Atmospheric Radiation Measurement Site at Lamoni, Oklahoma on
September 27, 1997, which was a clear day, devoid of clouds. The radius
interval was restricted in Twitty's method to 0.06-3 ~m since particles
outside this size range do not uniquely interact with sunlight in the extinc
tion mode. Even then, the comparison shown in Fig. 5 depicts what could
be construed as oscillations due to insensitivity of the numerical procedure
to invcn the above equalion. Nevertheless the comparison between the
two methods yields consistent results with the Twitty's method yielding
more smaller size particles than Nakajima's method.

Three Angslrom plots represeming (hree days of varying turbidity are
shown in Fig. 6(a). The Angstrom fit is seen to be good (Ro> 0.99) for
the two high (7/22) and medium (7/6) turbidity days while it is not as
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FIGURE 6(a) Angstrom plots arc shown ror thrcc instances on three contrasting days: low
turbidity (7/14. filled circles); moderate turbidity 0/6. open circles) and high lurbidity (7/22.
squares). Least-squares fits to the data shown here. yield the Angstrom exponent.
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FIGURE 6(b) Numbcr size dislribUlion derived by Twiny's mcthod is compared ror three
contrasting days shown in Fig. 6(<1). Same symbols as in Fig. 6(a) <Ire used here.

good «0.9) for the low (7/14) turbidity day. The size distribution shown
in Fig. 6(b) confirms the fact that indeed there are a lot more particles of
all sizes but especially smaller size particles on 6 and 22 than on 14th.
Furthermore, there appear to be more larger particles on 22nd than on
6th. The height of the two peaks in the size distribution on 14th is
observed to increase whenever the AOT in 1030 nm exceeds that at
870 nm. In some cases a large peak around I ~lIn is seen. Such a behavior
in AOT may indicate the presence of mono-disperse aerosols in the
atmosphere.

CONCLUSION

Data from an eight-channel sun-photometer operating in the 440- I030 nm
range is analyzed to derive aerosol optical thickness, precipitable water
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and aerosol size distribution for a location in Southern Russia during a
field experiment held in July 1991. Data from a spectra-radiometer thaI
measures direct-normal solar irradiance, difTuse and total herni-spherical
downward irradiance at the surface are also analyzed to yield AOT and a
measure of the atmospheric transmission as a function of wavelength in
about 70 channels from 300 to 580 nm. Comparison with FIFE'87 and
FI FE'89 results show that although the correlation between AOT and PW
is good similar to that in FIFE'87, the hislogram of Angstrom exponents
show a mono-modal distribution similar to thai in FI FE'89. The size dis
tribution retrieved from the AOT versus wavelength curve using TwiUy's
method is consistent that derived from the solar aureole measurements
using Nakajima's method. The time series of AOT clearly shows the effect
of a cold front which moved through Ihe area on July 12 bringing in clean,
dry, Arclic air.
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