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Abstract

Aerosol and ozone are very important parameters of the atmosphere. The data of these small
constituents are required for the simulation of atmospheric processes, weather forecasting, study of
climate variation, ecological appraisals and, etc. In the majority of studies is necessary the information
above the large regions or continents. Ground-based study of these atmospheric parameters over the
large area is difficult and expensive procedure. Furthermore, large changeability in the environment
requires the rapid renovation of measurements. This circumstance requires the creation of the dense
network of the ground stations of observations.

At present in the world there are several satellite systems for the operational global checking of the
atmospheric parameters. These satellites are equipped with microwave and optical instruments for
measuring the atmospheric parameters, such as the aerosol optical thickness of the atmosphere, the
content of water vapor, ozone, greenhouse gases, carbon monoxide, nitrogen, sulfur, profiles of
temperature, pressure and relative humidity, cloudiness and etc.

The relatively low accuracy of satellite measurements can be considerably improved by correction
with the data of ground-based measurements. Work examines the methodology of the determination of
the distribution of the ozone content in the lower troposphere and the aerosol optical thicknesses of the
atmosphere above the territory of Georgia according to the data of satellite and ground-based
measurements in Thilisi.

For an example the schematic pictures of the 3D distributions of the ozone in the 2.5- km layer of
the atmosphere, and also the aerosol optical thickness of the atmosphere above the territory of Georgia
and contiguous countries for all days of observations, and also cloudless and not much cloud days are

given.
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INTRODUCTION

In the last years the problem of the forthcoming climate change under the conditions of growing

anthropogenic impact on the environment has been drawing an increasing attention. This problem
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acquires a particular importance for Georgia, where almost all climate types are encountered except of
savannahs and tropical forests.

One of the main reasons for the modern climate change represents the human activity related to the
energy consumption. Therefore a considerable attention was paid to the inventory of the anthropogenic
emissions of the greenhouse gases and aerosols, having a direct effect on the climate formation, in
Georgia [1].

The generalization by WMO of the opinions of the meteorological services from 50 countries
enabled to classify the factors of the annual variability of the global climate: 1) ocean-atmospheric
interactions; 2) destruction of forests, solar activity; 3) variability of the snow and ice cover; 4) others
(urbanization, COz2, aerosols, desertification, stratospheric aerosols, soil humidity). At a scale of decades
the priority is given to: 1) COz; 2) destruction of forests; 3) urbanization, ocean-atmospheric interaction;
4) others (aerosols, solar activity, desertification, volcanic eruptions, stratospheric ozone, anthropogenic
heat emissions, snow and ice cover) [2, 3].

Thus, changes in the global climate occurring at present are conditioned to a significant extent by
the changes of the contents of radiatively active admixtures of an anthropogenic origin in the
atmosphere. These admixtures are carbon dioxide (CO2), methane (CH4), nitrogen protoxide (N20),
halocarbons (CFCs), tropospheric and stratospheric ozone and aerosols. Except of non soot aerosol
particles and stratospheric ozone all other mentioned components play the role of heat accumulators in
the formation of the energy level of the Earth.

CO2, CH4, N20, CFCs, tropospheric ozone together with water vapor, whose radiative properties are
quite well studied [2], absorb long-wave radiation emitted by the Earth’s surface and create the
“greenhouse” effect. Soot aerosols actively absorb solar radiation and warm the atmosphere by
reemitting it. Nonsoot aerosol particles mainly scatter solar radiation thus diminishing its flux to the
Earth’s surface. In addition aerosols interacting with clouds change their microphysical and electrical
characteristics, which finally results in changing of the optical properties of these mixed aerodisperse
systems. Considering that cloudiness represents one of the most important factors affecting the radiation
and climate, the role of aerosols in indirect radiative effects in the atmospheric and Earth’s energy level
formation turns out to be very significant.

The aerosol contents and ozone concentration are very important parameters of the atmosphere.
These values are required for atmospheric processes simulation, weather forecasting, climate change
research, environmental assessments, etc.

However, most studies need to know the atmosphere condition over a wide region or continent. A
ground-based acquisition of the parameters of atmosphere within a large area is a difficult and expensive
procedure. Moreover, a high variability in the atmosphere environment requires a quick update of
measurements. This circumstance necessitates the establishment of a dense network of ground
instrumentation stations.

Unfortunately at the moment in Georgia is not possible to organize fine-grid ground network for
these observations. Therefore, the satellite measurements of the atmospheric minor constituents are
especially relevant. So, preliminary results of ozone distribution in the lower troposphere and
atmosphere aerosol optical thickness mapping over the territory of Georgia by satellite data and ground-
based measurements are presented below.
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METHOD AND DATA DESCRIPTION

Satellite systems for atmosphere remote sensing. The basic principle of the atmosphere remote
sensing is the spectral radiance measurement in certain spectral bands to determine the physical
parameters of atmosphere environment. This is possible due to the spectral absorption and emission or
infrared and microwave radiation according to the Kirchhoff’s law. Thus, the spectral irradiation passed
through the atmosphere is a function of one’s temperature and gas composition [4].

Modern satellite systems for Earth’s atmosphere remote sensing are equipped with special optical or
microwave sensors. The European Envisat (GOMOS, MIPAS and SCIAMACHY spectrometers) and
MetOp (IASI, GOME-2 and HIRS/4 instruments), the American EOS (MOPITT, AIRS, OMI, TES
infrared spectrometers, HIRDLS, MLS microwave radiometers), NPOESS (OMPS ultraviolet/visible
spectrometer) [2] are well known among currently operating atmosphere remote sensing satellite
systems, as well as the Japanese GOSAT one (TANSO infrared spectrometer) [6].

Main technical specifications of the onboard sensors for the Earth’s atmosphere measurements of
operational satellite systems are shown in table 1.

Table 1

Technical specifications of instruments for the atmospheric parameters measuring of
operational satellite systems

Satellite system | Equipment Spectral range, pm Spectral resolution, pm
GOMOS 0.25-0.95 0.17-0.20
Envisat MIPAS 4.15-14.6 1.6-20
SCIAMACHY 0.24-2.40 0.2-10%-0.5-103
IASI 3.62-155 1.4-.103
MetOp GOME-2 0.24-0.79 0.135-103
HIRS/4 3.8-15.0 0.5-0.7
MOPITT 22-47 0.22-0.55
AIRS 3.74-154 4.9-103
OMI 0.27-0.5 0.45-10%-1.0-103
EOS TES 3.2-15.4 2.9-10+-8.5-10
HIRDLS 6—18 mm 4.10°5-8-10°
MLS 118 — 2250 GHz 400 -510 MHz
NPOESS OMPS 0.25-0.38 10
GOSAT TANSO 5.5-14.3 6-10*-8-10*
Satellite system Swath, km Spatial resolution, km Atmospheric products
120 15-40 Os, NO2, NOs, Oz, H20, aerosols
Os, NO, NO2z, HNOs, N20s,
Envisat 130 330 CIONO:, CHs
Os, NO2, BrO, SOz, HCHO, H:0,
960 32215 CHs4, CO, CO, aerosols
MetOp 1066 12-18 Os, aerosols
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960 80 x 40 O3, NO2, BrO, SO2, HCHO
2160 10-16 CO2, O3, N2O
650 22 CO, CHs
1650 13.5-19.5 CO», CO, CHs4, O3, SOz, aerosols
O3, NO2, SO2, HCHO, BrO,
2600 1324 OCIO, aerosols
EOS 5.3 x8.5 0.53 x5.3 H20, O3, CHs, CO, HNO:3
O3, HNOs3, NO2, N20s, CHCIF,
500 10 x 300 CCLF)
H20, HNO3z, HCN, CIO, N20, O3,
300 15%x3 SO2, CHsCN, CO, HCl, HOC],
BrO, CH3CN
NPOESS 2800 50— 250 O3, BrO, HCHO, NO2, OCIO,
SO2
GOSAT 790 1.5-10.5 CO», CHy, aerosols, clouds

Data processing. An aerosol optical thickness (AOT) and ozone column amount (OCA) over central
and eastern Georgia for 2009-2011 was evaluated by EOS/OMI satellite spectrometer using in-situ
ground-truth measurements. The OMI (Ozone Monitoring Instrument) is a joint development of the
Netherlands Space Office, the Finnish Meteorological Institute and NASA. It is installed onboard the
EOS Aura satellite and provides daily global monitoring of atmosphere condition in 270-500 nm band
with 0.5 nm spectral resolution and 13x24 km/pixel spatial resolution. The measurement frequency is
once per day. Aura satellite passes over Georgia is always around the same time: from 2 till 5 pm
Greenwich mean time. The OMI L.2G OMAEROG.003 Daily Level 3 Global Gridded Product was used
for atmosphere condition initial mapping. Satellite data are available through the Mirador
(http://mirador.gsfc.nasa.gov/) Earth Science Search Tool. Data selection, territorial segment clipping,
and  monthly  values  averaging  were carried  out  through  the Giovanni
(http://disc.sci.gsfc.nasa.gov/giovanni/) Interactive Online Visualization and Analysis web-application.

As a result 390 monthly territorial segments of a regular grid data (Fig.1) was collected for each
information product EOS/OMI.
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Fig.1. The atmosphere satellite measurements grid over Georgia

Total atmosphere column satellite measurements was recalculated to values for standard reference
height H = 2500 m. The exponential dependence of pror AOT relative value on height /A proven for the
territory of Georgia has been used which is shown in Fig.2 [7,8]. Using one it is possible to restore the
relationship between waor AOT accumulated fraction and current height in terms of the total

atmosphere column amount.
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Fig.2. Vertical profiles of paor AOT relative value and waor AOT accumulated fraction

The dependence of nos ozone concentration on height is quite complicated, so the standard profile of
the mid-latitudes summer atmosphere is used for average ozone concentration, shown in Fig.3 [9]. The
relationship between wos ozone accumulated fraction and height is also restored using this profile.
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Fig.3. Vertical profiles of o3 atmospheric ozone concentration and wos ozone accumulated
fraction

Robust regressions of recalculated to lower atmosphere satellite measurements toward the near-
surface truth data obtained at the M. Nodia Institute of Geophysics was found for 6 ground measurement
stations of AOT inside the territory of Georgia (Fig.4) [2,7,8], as well as for measurements of ground-
level ozone, aerosols and AOT in Thilisi of late years (06.2009-12.2011) [10, 11]. Data on the total cloud
cover in Thilisi and elsewhere in Georgia and neighboring countries were taken from [11, 12] references.
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Fig.4. Ground measurement stations location on the territory of Georgia
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Mentioned regression functions (separately for spring/winter and summer/autumn periods) are
illustrated by Fig.5 and Fig.6 plots.

AOT

summer — autumn

spring — winter

Fig.5. Regression curves between ground-based AOT values for sunny days and
recalculated satellite measurements

OCA

summer — autumn

spring — winter

Fig.6. Regression curves between ground-based ozone concentrations in near-
surface layer of atmosphere and recalculated satellite measurements

RESULTS

Collected satellite data were recalculated using regression dependences Fig.5 and Fig.6 into monthly
series of near-surface AOT values and ozone concentrations on a regular grid Fig.1.

Next the analysis of time series of satellite measurements at each point was conducted. Periodic
seasonal components was eliminated and linear trends was extracted. Maps of means and annual
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increments of AOT and ground-level ozone concentrations were developed by results of analysis. The
preliminary results of these studies, which after some clarifications will be published soon, are presented
in [13].

For example, schematic 3D plots of distributions of ozone concentrations in 2.5 km atmosphere
layer, as well as AOTs over territory of Georgia and adjacent countries are listed below separately for all
days of observations and for sunny and low cloud days only — see Fig.7-Fig.9.

B o2;s B o2s P 0225 Jo2[  Joars|  Joas|  ]o0,0125

Fig.7. Schematic plot of the distribution of AOT means over territory of Georgia and
adjacent countries for all days of observation (a darker tone corresponds to AOT higher
values)
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Fig.8. Schematic plot of the distribution of AOT means over territory of Georgia and
adjacent countries for sunny and low cloud days of observation only (a darker tone
corresponds to AOT higher values)
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Fig.9. Schematic plot of the distribution of ozone concentrations in lower 2.5 km atmosphere
layer over territory of Georgia and adjacent countries (a darker tone corresponds to higher
values of ozone concentration)

As it follows from Fig.7 and Fig.8, the AOT distributions over the study area differ significantly from
each other. In the first case (Fig.7) the AOT values over the ridges are greater than ones over the valleys.
In the second case (Fig. 8) it is vice versa. This phenomenon can be explained by the presence of clouds,
which, in addition to the direct visibility reduction, contribute to aerosols accumulation within near-
cloud space [2, 14, 15].

Table 2
Total cloudiness over Georgia sites at 7 pm local time [17]
Site Northern Eastern El:;::’i:n Cloudiness, sfil;d;:;:si’n
latitude longitude sea level, m all data Thilisi at 1 pm
Aspindza 41°34' 43°15' 980 5.9 3,6
Ambrolauri 42°31' 43°09' 544 6.1 4,0
Bolnisi 41°27' 44°33' 534 6.8 4,3
Gori 41°59' 44°07' 612 6.2 3,8
Zugdidi 42°30' 41°51" 108 6.3 4,3
Mta-Sabueti 42°02' 43°29' 1245 7.3 5,5
Kutaisi 42°16' 42°38' 116 7.3 5,5
Pasanauri 42°21' 44°42' 1064 5.2 3,2
Thilisi 41°42' 44°45' 425 6.3 4,1
Telavi 41°56' 45°23' 543 6.0 3,0
Khopa 41°23' 41°25' 33 6.7 5,5
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Sochi 43°35' 39°46' 57 6.5 5,2
Shadzhatmaz 43°44' 42°40' 2056 8.9 8,7

For example, the vertical distribution of the number concentration of aerosols with sizes more than
0.35 pm in radius has been studied for various regions of Georgia. In particular it was shown that within
the lower five kilometer atmospheric layer the size distribution of aerosols is quite steady and varies
little with elevation and under the influence of cloudiness. However at days with cumulus clouds in
comparison to cloudless days the mass of aerosols in the lower five kilometer layer increases
approximately 1.4 times, while at days with clouds of various types including cumulus — 2.5 times [15].
In addition to this, the increased humidity of air in the layers of cloud formation, also contributes to
increase of AOT [16].

For comparison, Table 2 shows the total cloud cover at 7:0 pm (the time of satellite pass over
Georgia) for 10 observing stations in Georgia, 1 station in Turkey (Khopa, not far from Batumi) and 2
stations in Russia (Sochi-Razdolnoe, Shadzhatmaz) for all days of observations, as well as for the days
when in Thilisi in 1:0 pm (AOT measuring time) was clear of low cloud weather. In the first case (Fig.7),
the AOT values are followed by the total cloud cover values. Overt the ridges the cloudiness is greater
and, consequently, the AOT is greater too. Also we note that the overall vision of the AOT distribution
over the study area as a whole is fitted good to earlier on the distribution of total cloud cover [17].

For sunny and low cloud days (Fig. 8) the classical distribution of AOT is observed — over the
lowlands its value is higher than over the ridges [2,7,8].

CONCLUSIONS

The methodology of determination of distribution of ozone content in lower 2.5 km layer of
atmosphere and aerosol optical thickness of the atmosphere above the territory of Georgia according to
the data of satellite and ground-based measurements in Tbilisi is proposed. The obtained preliminary
results indicate the prospect of the development of works in this direction. It is soon provided to present
the more comprehensive data about the distribution of the indicated atmospheric parameters above
territory of Georgia.
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JAQHHBIM CITyTHUKOBBIX U Ha3eMHBIX U3MepeHUN

C.A. CrankeBuy, O.B. Turapenko, A.I'. Amupanamsuu, X.3.9aprasua
Pesiome

A5po30u U 030H - OUeHb BakKHble IapaMeTpsl arMocdepsl. [laHHbIe 00 3TUX MAIBIX IPUMeECIX
TpeGyIOTCS A MOJEJHPOBAHUA aTMOC(EPHBIX IPOIECCOB, IPOTHO3UPOBAHUS ITOTOZBI, MCCIIeLOBAHNUS
M3MEHEeHUs KIMMAaTa, SKOJOTUIeCKUX OKCIIEPTU3, U T.T,

B GompmuHCTBe uCCIeIoBaHW Heo6xoauma uH(OpMAauus HaZ OONBIIMMU PETHMOHAMH — HJIH
KOHTHHeHTaMu. HaszeMHOe wucciefoBaHUE 3THX IIapaMeTpoB arMochepsl Ha OOJBIION IIIOMATHM -
TpyZHast U Joporas mpouenypa. Kpome Toro, Gonblias M3MeHUYHMBOCTh B OKpyXKalollleil cpefie TpeGyer
OBICTPOrO OOHOBJIEHUA M3MEPeHHH. DTO 0OCTOATEIBCTBO TpeOyeT CO3JAHUA IIIOTHOHM CeTH Ha3eMHBIX
CTaHIWI HAOIIOZeHUH.

B mHacrosmee BpeMsa B MHpe €CThb HECKOIBKO CIIyTHUKOBBIX CHCTEM JJI1 SKCILIyaTal[MOHHOTO
I706aIPHOTO KOHTPOJA IIapaMeTpoB arMocepsl. DTU CIYTHUKUA OGODPYZOBAaHBI MUKPOBOJTHOBBIMHU U
OITUYECKUMM MHCTPYMEHTAMM [JI1 H3MEepeHWs IIapaMeTpoB arMocdepsl, TAaKUX KaK adpo30IbHA
omTHdYecKas TOMImA aTMocdepsl, cofepKaHWe BOJAHOTO IIapa, O30HA, IIAPHUKOBBIX Ia30B, OKUCel
yIyIepoja, a3oTa, Cepsl, IpoduIeil TeMIepaTypsl, AaBIeHUA U OTHOCUTEIBHOM BIQKHOCTU, 00JIaYHOCTH
u T.1. OTHOCHTEIBHO HU3Kasg TOYHOCTD CIIYTHHUKOBBIX M3MEPEHUN MOXKET GBITh 3HAYUTENBHO YIydIleHa
IIyTeM KOPPEeKIUH C JAHHBIMU Ha3eMHBIX U3MEePEHUI.

B pabore paccmoTpeHa MeTOZOJIOTHA OIIpefesleHUsA pacIpefie/IeHHs COJEPXKAaHUA 030Ha B HIDKHEH
Tporocdepe M aspO30IBHOM ONTHYeCKOH Tommu aTMocdepsl Haz TeppuTopHedl ['pysum mo maHHBIM
CIIyTHUKOBBIX ¥ Ha3eMHBIX U3MepeHui B TommmcH.

g mpuMepa mpuBefieHBI cXxeMaTHdeckne KapTuHsl 3D pacmpezesnieHni cofepsxkaHusa 030Ha B 2.5-

KIJIOMETPOBOM CJIO€ aTMOC@epsl, a TakKe adpO30JbHOM ONTHYeCKOH TONIM aTMocdepsl Hap,
TeppuToprell I'pysun u compeneIbHBIX CTpaH g BCeX AHeU HaGmoIeHui, a Takke 6e300IauHBIX U

MaJIOO0JIaYHBIX THEH.
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