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INTRODUCTION

Water vapor and aerosols contmbule major vocerlaindies in estimation
of the components of the glohal radiation hudget. Accurate estimates of
witler vapor abundance wre necessury o correctly predicl the extent of
atmospheric absarption of solar encepy and 1he resalting atmospleric
errussion Lo space. Accurale estmates of serosol optical propertics
including, acrosol optical thickness, single scatlenng albedo (4 meazure
of scaltering Lo exlinction ratio) and asymmetry parameter (2 measure of
angular distribution of scatlered hght) are required 0 predicl the effect of
aerosols on the net radiation budger. The latter effect could he negative,
meaning thal the elfecl of asrosols could be o net cooling of the atma-
sphere counteracting the gieenhouse wartnng due 10 incrense in absorbiong
puses, O immediate concern to many of the international groups of scien-
tists gathered i July, 1991 al the Streletskaya Steppe Diosphenc Heserve
neur Kursk in the southern part of Russia, was the possibility of accurate
esticnales of surlace biophysicul properties by remole sensing. Helution-
ship of surface parameters such as reflectance and temperature (and Uhweir
derived parumeters such as the vepetation biomass, Jeal area index and
photosynthetically active radiation) to the at-sensor radiance is obtained
using models that describe the radiation ficld in the carth-atmosphore
system with varving degrees of complexily and accuracy, The models tym-
cally porform atmosplusele coereetion 3 term that denotes the fact thar in
surfuce studies wimosphenc interaction with the radiance ficld s naise
that should be eliminated.

Estmate of the surface or atmaospheric propertics from remaotely sensed
dara reguires the koowledpe of components of the stmosphere thal have
the maximum effect on the out-going radiation (as sampled by a satellite
or sn wircrall). Almosphenc correction of remotely sensed duta 15 now
aceepied a5 an integral parl of any research that requires retrieval of
surface propertics from scnsors aboard satellite and wircruft platforms.
Halthore and Markham (1992} showed thal wocertminty in the measure-
menl of AQT and PW have comparahble cffect on the retricval of surface
reflectonce in those bunds that do not include the major waler absorption
hands. An uncertainty in AQT of 00, routinely achieved ar present by
performing culibration al mountain sites belore and aller a feld experi-
ment dircetly translaies oo 1% accuracy in e relrieved sorface rellecs-
Lanue, Lrcepl wnder Bairly torbid atmospheric conditions, measweremment
uncertgintics in atmaspheric transmission are eoe of the most imporianl
guantities that alfect the retnieval of surface properties from remote datu;
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under turhid atmospheric conditions, insullicent accuracy in the multiple
scattering algonthms are more important than the AOT uncertamty.

In this paper, we report measurements of total and aerosol optical
thickness, and water vapor column abundance during a period of 3 weeks
beginning July 6, 1931 and ending on July 25, 1991, We also report
uerosol size distribution obtained by inversion of AOT versus wavelenpth
curves and velidate the distnbution by comparison with 2 method that
obtaing size distibulion by inverting the solar aurcole radiance,

INSTRUMENTS

Results from an eight channel, auto-sun tracking sunpholometer,
commonly known as SXM-2 (Halthore ef al.. 1990, 19 2h), built at the
MASA Goddard Space Flight Center, Greenbelt, Marvland, USA, are
presented here. Data were acquired and stored automatically on a compuler.
OF the eighl channcls at 441, 522 613, 672, TEL. £72, 940 and 1030 nm,
the 940nm channel 35 coincident with the strong water vapor absorplion
band and s thus used (o derive water column abundance (Halthare et al.,
1997); the other 7 channcls provide the vertical aerosol optical thickness
{(AOT). The bandwidth of seroso] channels was between about [0 and
20 nm (full width at half maximum, FWHM) whereas thal of the %40 nm
chunnel was 40nm. The $XM-2 has a 1.2* ficld-of-view and can be OpEr-
ated i the sky scanning mode although only data from the sun-tracking
mode are analyzed here. The instrument cyeles through all the channels in
about 10-155 with a minimum repetition rate of s employed during
periods of rupid airmass change in the mornings and evenings. The
maximum delay between cycles, 4 min, was emploved during allernoons
when Lhe change in airmass is relatively small.

The spectru-radiometer built at the Meteorological Observatory of the
Muscow State Universily (hereafier MSU), Moscow, Russia, measures
direct, dilfuse and total solar irmadiance in the range 300580 nm with a
nominal spectral resolution of 2nm at 300 om and 10 nm at 375 nem, Irra-
dianee 15 measured in 70 parrow spectral bands, 44 of them being in the
UV range. It consists of a double-monochromator with quarle optics
(Wysolsky oo al, 1982) wilh an “integpraiing checker™ placed at the
enlrance slit. The integrating checker allows a view angle of 150F and
eoiisisls of a metal hemisphere surronnded by a hemispheric quartz cap
with a sereen and twbe containing diaphragms which exclude direct solar
radiation from falling on the slil. This tvpe of checker possesscs & greater



| BN HALTHORE = al

light gathering power than the wsual photometnic spheres. Collimators
(tubes) arc changed to ohserve the sun with a 5 Oeld of view [or direct
irtadiance or exclude 0¥ around the sun for a diffuse sky measureiment.
Thus, the direst solar irfadiance measurement 5 accomplished much as in
a sun-photometer with the use of a narrow angle collimator. Sensitivily
control of the instrument during field measurements is obtained by
checking against an incandescent lamp at 534 nm.

METHOD

Application of Bouguer's law (also known as Bouguer Lamberi- Beer
(B-L-B} law} lorms the basis of atmospheric optical thickness measure-
ment in channels that do ool include molecular band absorption (ic.,
940nm band). The theorctical hasis is extensively discussed in literalure
(Shaw, 1983) and is relatively simple and strasghtforward. 1L follows from
the Bouguer's basic assumption that the attenvation of a beam of irra-
diance is linearly proportional to the amount of matter in the intervening
path. For those channels thal include a molecular absorplion band, the
allenuation with distance is not necessarily linearly proportional to the
amount of matter, There are thres (ypes of hght attenuation - molecular
scallering or Rayleigh scattering, aerosol attenuation by scallering and
absorpion, and irace gpus absorption. In Rayleigh scattering molocules
which have dimensions much smaller than the wavelenglh of hight,
allenuale light by dipole interaction that is strongly dependent on the
frequency of light. In facl, Rayleigh showed that the scattering cross-
seclion 15 proportional to 4th power of the frequency; thus blue light in
ihe sky 15 allenualed much more strongly than the red. Particles or acro-
sols hawving dimenzions comparable o 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 scallening. Trace gases such as ozone, carbon-dioxide and water thai
possess @ permanent dipole moment absorb incoming energy into many of
their internal encrgy modes swch as vibralion, rolation amd electronic
manifolds in specific transitions of their internal cnergy states giving the
appearance of “line™ specira in any of their molecular absorplion bands.
Since absorplion occurs according to Bouguer's law within those lines,
light cnergy in the original beam 1s preferentally attenualed wathin those
i and subsequent passage of light through matter proceeds with little
altenuation outside of those lines bul wilhin the band. This 15 the ongin
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of non-linear dependence of attenuation on calumn abundance. Contin-
uum ahsorplion by o7one and water vapor sull follows Bouguer's law,
fwever,

If ¥ is the voltage responsc of the sun-phatometer (o solar icradiance a1
the ground,

V= (F..,-‘r"]::xp-.’{—mu]n —imr)_, — (mr], T, i1}
where ¥ is the calibration coellicient und represents the fictitious instro-
menl response to exo-almospheric solar irradiance when the Barth-Sun
distance r is | Astronomical Unil (ALD) (the mean distance). The airmass
m depends in general on the atlenuator denoted by subscript R for
Raylcigh scaltering, oz for ozone comtinuum ahsorption and aer for
agrosol scattering and absorption. These components are assumed Lo
follow Bouguer's law of altenuation where the optical thickness iz linearly
dependent oo column abundance. For the channel containing the water
absorplion band (940om band), the water ahsorption does nat follow
Bouguer’s law and instead the transmission Tw 15 written as (Halthore
ef al, 1992a; Bruegge el al., 1992),

Tw = expl —aw’) = exp( aWimt), {2)

where w is the path water abundance in gem ™2, W is Lhe precipitalble
walter (vertical column abundance) in gem 2 or em of water, and o and b
are censlants to be determined independently by the use of a radiative
lrunster algorithm. The procedure to oblain cocfficients o and & is
desenbed in Halthore et al. {1997} MODTRAN (Version 1.1) was used
comjunclion with “standurd atmospheres” o analyre Kursk data. Suhsii-
tuling Eq. (2) in Lq. (1) and rearranging, we have

In{¥y + (el 4 fmer) 4 (wer) L = In[ P/ aW et (1

e

A plot of the leli-hand side of Lhis cquation versus m® is lincar if W
does not change during the perind of messurement and the § intcreepl
then gives the calibration coefficient ¥, The aervsol optical thickness in
the wiler band for estimuting the lefi hand side of Eyg. (1) is obtained b
i ﬁngﬁtr{ﬁm interpolation {ihal is. using e A" where o and F are
.-inn?ﬁlri':m cocflicients). Lguation (1 Torms 1he basis of waior Vapor
column  ahundunce measurement  using  sun-photomcters or  enables
measurement of AOT in non-water absorbing channels by neglecting, the
lasl termn on the right-hand side, Rayleigh oplical thickness is accurately
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determined by a measuremenl or estimate of surface pressure and ozone
conlribulion is estimated from known absorplion cross-sections and alwumn-
dance estimates from chmatolopy. Determination of Fg in Eq. (3] requires
cahbration lor sun-pholemeters and is disoussed next.

CALIBRATION

For non-water absorbing channcls, a plot of [In{F) ¢ (merhp © (0T
versus m,,, produces a straight line with [In{Fy/rY)] as the p-intercept for
zere wirmass, provided AOQT remains constant during celibration. This is
the well known Langley plot or the long-Bouguer method, Likewise, a
plot of left-hand side of Eg. (3) versus m" allows the calibration coeffi-
cient Fy 1o be determined provided hoth AOT and W remain constant
during calibration. This is penerally lermed as the Maodified Langley
Method (MLM) after Reagan et al, (1987). Conditions most favorable [or
calibration arc at mountain sites well above the local boundary layer
during momings when the aimmass change is maximum and during which
e Lhe convective currents from below have nol had a chance (o affect
the measurcmenis. :

Calibration of SXM-2 was made at two sites: one before KUREX™] in
Jung, 1991 at Sunspot (2805m clevation) in New Mexicn; and the other
abter KURLEX'Y9L in Seplember, 1991 at Mauna Loa (elevalion: 3%63.4m)
in Hawaii. By September the cffects of Pinatubo volcano (on the island of
Luron, Philippines), which erupled on June 15, caused an increase in the
strutospheric agrosol optical thickness at Mauna Loa o unacceplable
Tewels for calihration. Messured AOT values on September 28 an Mauna
Loa were 0.21, 017, 0,166, 0,161, 0,15, and (.14 at 441, 522613, 672, 781
and 872 nm, respectively. Note that backpround AOT walues are typically
of the order of 107" at Muauna Loa. Thus post-KUREX™] calibration for
the AOQOT channels could not be achicved. For the waler channel, due 1o
the larpge band width, the signal saturated al low airmass at both the
mountain siles so that calibration was performed only al high airmass.
Calibration in Hawaii yiclded good results for the warer channel owing to
the low column abundance of water vapor; presence of stralospheric aero-
slz from the Pinatubo cruption had no elfect. AL Sunspot in Mew
Mexico, pre-KURLEX 9 cabibrotion yielded Fy's from thres good Langley
plots in most channels which differcd from each other by less than 1%,
The serosol oplical thickness was relalively low approximately in the
range 10 *-10 ' in the visible channels. Intercomparison with a hand
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held sun-photometer helfore and during KUREX 9] showed that neither
mstrument had degraded and that the calibration cocfficients oblained at
Sunspot were reliable, We estimate that the accuracy in the calibration 1o
bein the | 2% range.

For the calibimtion of the 940nm channel using the M1M method, we
use MODTRAN {Version 1.1} and the mid-lutitlude summer atmospheric
profile available i the program itsell o determine o and & in Eq. 12).
Specilically, we man MODTRAN in the (ransmission mode and 1hen
convalved the resulting transmitlance with the 940 am channel Glter func-
lion to obtain the band transmission. The transmittance Ty is calculated
at various solar zenith angles for known path water abundance w. A plat
el logilog{1/Tw)) versus log(w) gives a straight line whose slope 15 & und
whose p-inlercept is logle). Halthore et al, (1997) have shown that for a
broad hand 940 nm channel, such as that used here, coellicients @ and &
are sensitive functions of the type of atmosphere used during calibration
and during measurement. Tdeally radiosonde data should be used during
both calibration and measurcment, As the radiosonde data 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 1o have a large uncerlainty, perhaps in the
L0-15% range.

Absolute calibration of the dircct-normal solar irmadiance as measured
by the MSU spectro-photometer was made using the long-Bougner™s
{Langley) method. Furthermaore, the spectral resolution of the instrument
wirs characterized taking into account monochromator aperture functions,
dispersion of prisms, rate of running the spectra, and lime of averaging
initial sipnals. Bxo-atmospheric solar radistion as a function of wave-
length was applied in accordance with the World Meteorological Organi-
zation recommendalions to calibrate instrument response for Lhe direct,
diffuse and total downward irradiance. The spectral resolution was found
o vary from |.9nm at 297 nm 10 9.6 nm at 375 am, The cosine correction
wits kess than 10% [or solar zenith angle less than 70¢ and was within
1-3% when the solar zenith angle was less than 607, For the analysis of
the MS5L data, the lotal orone conlenl was assumed constanl [or the
entire field campaign and equal o average values for Voronezh (0,36 aum-
umn or 36l Daobson Units (T, July 19913, a town that is near Kursk and
the nearest station belonging o the ozonometnc network. The variabilily
for July 1991 was £0.025atm-cm and this leads 1o an uneerlainty in the
AOT of aboul 12% in visible spectral bamls. Halthore and Markham
(1992) caleulated that at the peak of the Chappais Band {~0.6 pm) the
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oo oplical thickness due to 300D of oczone s 004 thus for an
uncertainty of 2% DU in ozone column ahundance, this (ranslales to an
uncerlanly m ACYT of 0.003,

RESULTS AND DISCUSSION

Meazurements with the 8XM-2 were possible on July 7 (900—1500 hours,
local clock time), 8 (S00-15000, 9 (900-1100), 14 (BOO-1400), 17
{830 15000, 20 (900-1850), 21 (600 1000), 22 (1245-1330) and 25 (230-
F130). Oeher days and times were cither clouded oul and rained ow
except for July 10 which was a clear day but had been predetermined to
be a rest dav. The Kursk local clock tme is 3h shead of UT. Aerosol
optical thickness values (Fig. 1) varied from a low of 0.02 on July 14 to a

N IR B Rt T — T e §
b
! [ ]
E I 4
= 15t
-
2 : s | =
= | o ﬁ
E | HE & i E
a ' i E | B
E=| | i o
= - i =
= . W | "
g i l2 &
= I
L]
= B b t =3
] + 1
% ns | .|.|"' -— DE
e 1
2 y . UE L
a -\.+
i p
". ._-_I_-__qu.#l ST A WP [T AR R TR, | . :“
o ) 10 ik 20 25 an

Days in July, 199] {Locul Clock Time)

FIGURE | AOT fopen cuekzl a1 441 nme and PW rem) ifilked carclel ane plotied Jor the
whitke KUREX™ campaipn from July b oo July 2%, 1991 Abscassa refurs (o lime in days in
By - 120 nown Jecal clock fime o0 July § s plotbed as 6.5, Al showm are ACFT g1 430 qin
{1 as measared by MEUL T locald clock lime is 3hoabend of LT,



ATMOSITHERIC OPFTICAL PRIWERTIES OVER KLURSK ]

high of 1.3 on July 22 for the 441 nm chanoel. The range for the prrecipi-
table water was 1.7 (July 14) 1o 4.3 (July 22). Table I gives the averaged
wilues of the servsol optical thickness in three channcls (441, 672, 572 nm)
and the precipitable water i cm for the duration of KUREX™91, Within
cach lime period, the values may change considerably as can be seen from
Fig. 1. In an carlier report on the KUREX91 measurements {Halthore
et al., 1992a), we had presented o version of Table I with PW values that
woere derived wsing LOWTRAN-7, a low resolution radiative trunsfer
tmodel. The current values based on MODTRAN are seen to he about
9% higher and do not have Lthe problem of misinlerpretation of
LOWTRANT results. AOT and PW values on July 14 arc among lhe
lowest and cun be explained by the presence of cold, dry, clean Arctic
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 the result of an apparently
easterly flow of Tm/s in the boundary layer (A, Grin, private communica-
tion, 1991) that brought in the airmass from south-castern part of
Eurcpean Russia. AOT as measured by the MSU is alse plotted in Fig. 1;
the values are wsually well within +0,05 of those of SXM-2 showing that
the independently calibrated instruments give consistent results. Also
apparent in Fig, 1| wnd Table I is (he correlation hetween AOT and PW.
Correlution coefficient among the AOT wvalues in different channels is
better than 0.97 (%) and that belwesn any of the AOT channels and

TABLE L Awverage wlues of ACFT and MW measured by SX0-2 for sume sedect inrervnls
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PW is about 0750 In the First Imternational Salellitie Land Surface
Climatology Project (ISLSCPM Feld Experiment (FIFE) held in 1957 and
1S on surfuce terrain and localion similar o the one at Kursk, the
correlation encflicienl between AT (440 nm) and specilfic humidity was
foumd 1o be 0K and 0.1 respectively (Halthore et al., 19928). Thus the
current finding is more similar to FTFE'S7 than FIFE'S9 in this regard.
Spectral features of the (olal and aerosel optical thicknesses (TOT and
AOTY us mensured by MSLU are shown in Fig. 2. Mot surprisingly the
lolal optical thickness s increasing with decrease in wavelength at a much
faster rale than the AOT hecause of increased Rayleigh scattering, The
role of acrosols increases with wavelength in the visible remion. For
example, [or the clear day 7/7/21, the ratio of AOT/TOT has increased
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from .33 at 340 nm o 050 at S80nm. For the day of high opacity (7,22;
) 1he aerosel fractional contnbution increases from 0,62 o 083 @t the
sume wavelengths, For all days, the difference between TOT and AOT is
constant at any piven wavelenglh becuuse 8 conslant ozone column
abundance was used 1o derive AOT; because of ozone absorplion, this
dillerence does nol follow the (173 dependence.

The ratie of tatal hemispherical downward irradianee al the surface 1o
extra-terrestrial downward irradionce i3 8 measure of the almuespheric
transmission. For zero surlace reflectance. the ratio is in fact the vertical
lrunsmittance of the atmosphere. This ralie, which is the normalized
surface mrradiance, is plotted in Fig, 3 for three solar zenith angles on
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July 20 from MSU measurements of the wlal suclfce iradiance, The
exlra-terresiimal valwe refers to the mean Earth—Sun distance of 1ALL
Incrcasing solar zenith angle decreases the ratio as expected. The trans-
miltunce depends strongly oo the wavelength with the sharp drop for
wavelengths shortward of 330 nm caused hy ozone absorption.

Angstrom exponent is an indicator of the ype of aimmass present
durng measucements, It is the slope of the log{AQT) versus log(wave-
lemgth) curve. In gencral high values of the exponent indicale the presence
of clean cealinental airmass conlaining small particles, and values clase to
zerg {flat cwrves) are caused by the presence of larpe purlicles such as
those [ound in desert environments or humid, wrban environments. Cirrus
clouds typically have values less than 0.5, Figore 4 shows a histogram of
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the Angstrém exponent lor all the data  oblnined by SXM-2
KUREX'SL. Owver 8% of the .-‘Tllrtg.til.rﬁm plots had & poodoess of least
square fit (B%) close to 0.97 (sec Fig. 6(a)). However, there were many
cases, significantly on July 14 when the AOT was lowest and on July 25,
that the R was below 0.9, There were episodes on other days as well with
& below 0.9. We will argue with the aid of inferred size distribution that
such a devistion from Angstrdm fil may be the result of the presence of
mono-disperse aerosols, primarily man-made, rather than a3 broader,
power-law Lype distribution characleristic of natural aerosols.

Superimposed on the histogram in Fig. 4 are also the resulls of
FIFE®T and FIFE89 field campaigns. The himodal distribution observed
in 1987 is nol seen in the other two curves. In FIFF'87 the presence of
two conlrasting airmasses - one cool, ¢lean and dry continental airmass
and the olher wet, turhid and warm “gulf™ airmass {meaning that the
arigin of this aitmass was in the Gull of Mexico) — undoubtedly cuused
this bamodal distribution, The golf airmass had values less than |1,
whereas the conlinental airmass had values greater than 1. Mo such clear
distinclion was possible in 1989 or here in KUREX'® data. We ohserve
that the mean value of the Angsirém exponent is clase to 131, less than
1.6 observed for the conlinental airmass in FIFES7, so that a indis-
tinguishable mixture of continental and marine airmass may have been
present during this expegment. Detailed measurements of the aerosol
single scattering albedo, composition and phase Tunction or accurale
trajectory analysis ure not available 1o present definitive arguments.

We further explore the behavior of Angstrém exponent in this feld
experiment with the aid of aerosol size distribution inversions. Here we
use Lhe method of Twilly (1974) wherein the expression for AQT () as a
function of wavelength A,

T(A) f‘.’!mfnl.uﬁrr} [:dd:)dr

is inverted 1o obtain the column averaged size distribution (dN/de) in
units of gpm *pm'. Extinction efficiency (., i3 computed by a Mie
scattering code {Dave, 1968) as a function aof size parameter (defined as
2arid, where ¢ is the radius of the particle) and refractive index g The
larter is mssumed in the absence of measwrements of the acrosol OIS -
ton o be 141 L 0000014, & value thal is considered typical of asrosols at
mid-lalitwdes. The inversion was first tested for the casc of perfect
.';'.ngxlrﬁ|11 hehavior (7~ a2 ™) to obiain a sze distribution (A e e ™)
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with v=h+3 Mext we tested the code against an independent and
complemenlory method thut nverts the solar sureole measurements of a
sky-scanning sun-photometer o vield size distribution (Nakajima et al.,
[9%3). Figure 5 shows the result of inverting hy the two methads Tor the
AT and the aureale radiaoce duta taken by the same instrument (in this
case a Cimel sun-photometer} at almoest the same tme, The twoe methods
are complementary since while the AQT is indicative of the extincticn effi-
ciency, the solar aurcole hrightness depemds on the scaltering elliciency lor
scallering in Lthe predominantly forward direction. Forward scattering is
sensitive to large partickes due (o the large asymmetry faclor (close to 1)
The comparison in Fig. 3 is for data taken at Department of Energy's
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PFIGUEL &  Crduarar size distrihistses o Jerivod by Makapma™s meLlvod (epen carckesp rean
i wnlar surcale radiama: 15 comparod with thad derived by Twitty's method [Tilled circlesp
Irsnm the AOT wersus wavelength curee Dngn are ablained al the CART ARM site in Maimh-
Central Ok labismi oo Seplember 27, 1857
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Almospheric Radiation Measurement Site al Lamont, Oklahoma on
September 27, 1997, which was a clear day, devoid of clouds. The radius
mterval was restnicled in Twitty's metbod o (LM-Ipm since particles
oulside this size range do nel uniquely interact with sunlight in the extine-
tion mudle. Even then, the comparisen shown in Fig. 5 depicts what could
be construed as oscillations due to insensitivity of the numerical procedure
tn inverl Lhe above equation. Mevertheless the comparison between the
two methods yields consistent results with the Twitty’s method yielding
more smaller sizc particles than Makajima's method.

Three .-il.ngslrﬁ_‘-m plots representing three days of varying turbidity arc
shown in Fig. 6(a). The .-Fmg:sl.rﬁm fit is seen (o be good (RS =0.99) for
the two high (7/22) and medium (76) trbidity days while il is not as
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FIGURE 6ls)  Aopstram plats nre shessn Tor three instances on s contrasting days: b
Parbwdity 47714, filled cireles); moderate Loshidicy £, open viceles) aod high furkidicg (7722,
squaresl. Least-squares fis v U data shawn bere. yicld the Angsiram exponcin
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FIGURLE k) Muimlber sisc dutribuiion devived by Twitly’s welbued @ compared for thees
contrnsting days shown in Fig. fa). Snme synsbols as in Fig f(a) are used here

good {<20.9) for the low (7/14) turbidity day, The size distdbution shown
in Fig, 6{b) confirms the fact that indeed Lthere are a lot more particles of
all sizes but cspecially smaller size particles on & and 22 than on 14th,
Furthermore. there appear 1o be more larger particles on 22nd than on
tlh. The height of the two peaks in (he size distribution on Idih is
abserved 1o increase whenever the AOT in 1030 am exceeds that at
B nm. In some coses a large peak around | pm s seen. Such a behavior
m AT may indicale the presence of mono-disperse aerosols in the
atmnspliers

COMCLUSION

Data from an eighl-chunnel sun-phatomeler operating in the 440- 1030 m
range s analyzed to derive aerosol optical thickness, precipitable water



ATMOSPHERIC OPTICAL PROPERTIES OVER KLURSK 237

and werosol size distribution for a location in Southern Russia during w
field experiment held in July 1991, Data from a spectro-radiometer that
measures direcl-normal solar irradiance, diffuse and total hemi-spherical
downward irradiance at the surface are ulso analyzed lo yield AOT and 4
measure of the atmospheric trunsmission as a function of wavelengih in
about T channels from 300 (o 580nm. Comparison with FIFE'ST and
FIFE'BY results show that although the correlation hetween AOT and PW
15 pood similar to that in FIFE'S7, the histogram of Angstrém EXPUOEnis
show a mono-modal distribution similur to that in FIFE'89. The size dis-
ribution relrieved from the AOQT versus wivelenpth curve using Twitty's
method is consistent that derived from the solar aureole messurements
using Nakajima's method. The time series of AOT clearly shows Lhe effect
of a cold front which moved hrough the area on July 12 bringing in clean,
dry, Arclic air.
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