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ABSTRACT

Dust propagation at the territory of Thilisi is studied using the 3D regional model of atmospheric
processes evolution and integration of the equation of contaminant transfer-diffusion. The dust pollution
process that takes place in case of background eastern gentle breeze is numerically modeled. It is obtained
that micro-scale dust propagation substantially depends on the terrain of city and its surrounding territories,
on the magnitude and direction of background wind velocity. Dust dispersed in Thilisi is mainly
concentrated in the lower 600 m thick atmospheric boundary layer. At 2 m height over a ground maximum
concentration 1.0-1.5 maximum allowable concentration (MAC = 0.5 mg/m?) is formed in the time interval
from 12 a.m. to 9 p.m. in the central and southern parts of the city as well as at relatively low-lying
territories. Peculiarities of dust vertical distribution and time variation are studied.
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Introduction.

The research goal is to study via numerical modeling Thilisi atmopsheric air pollution by dust in case
of background eastern gentle wind. Dust propagation at Thilisi city territory is simulated using the 3D
regional model of evolution of atmospheric processes in the Caucasus and integration of the equation of
admixtures transfer-diffusion [1, 2]. Motor transport is a source of dust pollution. It is assumed that the
guantity of dust dispersed in the atmosphere linearly depends on traffic intensity. The magnitude of
background eastern gentle breeze at 100 m height from earth surface (upper boundary of surface layer of
atmosphere) equals to 5 m/sec and linearly increases up to 23 m/sec at 9 km altitude above sea level. Time
and space variation of meteorological fields that are necessary for modeling are calculated by the numerical
model described in [1, 2]. Meteorological situation corresponds to dry weather of June, when relative
atmospheric humidity is 50%. Calculations are made along parallel and meridian with 300 and 400 m
horizontal steps. Vertical step in the free atmosphere varies in time and equals 300 m in average. In 100 m
thick surface layer of the atmosphere a vertical step varies from 2 to 15 m. Thilisi city having complex
terrain is disposed in the center of modeling area.

Modeling results

Spatial distribution of dust concentration and wind velocity obtained via calculation at 2, 100 and 600
m height over a ground at t = 0, 3 and 6 h of the first day is shown in Fig. 1. Concentration is given in units
of maximum allowable concentration (MAC = 0.5 mg/m?®). It is seen from Fig. 1 that at 2 m height from
underlying surface the maximum value of dust concentration, 0.5-0.7 MAC is obtained in the south-western
part of the city, at low-lying territory of Ponichala in the shape of a narrow and long band, and in the Thilisi
Sea surroundings. At the rest territory a concentration value is within a limit of 0.001-0.3 MPC. The area of
maximum pollution extends with height increase. At 100 m height concentration of 0.5-0.7 MPC is formed
in three parts of the city. Above the surface layer of atmosphere dust concentration is getting smaller. Its
value is within 0.1-0.3 MAC at 600 m height over a ground.
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Starting with t = 0 h city air pollution gradually decreases and becomes minimal at 6.00 a.m. At this
time a concentration value varies within a range of 0.001-0.3 MAC in the city and its surrounding territories.
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Fig. 1. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent =0, 3 and 6 h at 2, 100 and
600 m height over a ground

After t = 6.00 h, along with vehicular traffic intensity growth the dust pollution of city atmosphere
starts to increase in the vicinity of pollution sources — along the city mains and nearby (Fig. 2). Whent=9 h
dust concentration at z = 2 m height is especially high in the mains crossing areas and low-lying territories.
Vake, Saburtalo, Gldani, TEMKA and Ortachala are among these districts. Concentration values reach 1
MAC in these areas.
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Fig. 2. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t =9, 12 and 15 h at 2, 100
and 600 m height over a ground

47



Maximum dust pollution level is obtained in the time period from t =12.00 H to 21.00 h. Heavy
pollution zones include the center of city, Vake, Saburtalo and Ortachala. Concentration varies within a limit
of 1.0-1.5MAC at these territories. In the urban parts distanced from city mains, dust concentration varies
within a range of 0.5-0.7 MAC. As for recreational and unsettled territories, where we have no dust pollution
sources, pollution occurs according to the mechanism of advective and diffusive transfer. As a result, a
ground level concentration varies from 0.3 to 0.5 MAC.

At t=9.00 h an intense vertical convective transfer of the dust begins, due to which a dust originated
near the ground starts to propagate towards upper layers, and when t = 12.00 h, dust concentration reaches
0.7 MAC at 100 m height.

From t=18.00 to 21.00h there takes place a slight increase of dust concentration and change of size and
location of heavily polluted areas at 2 m height. This change is caused by wind velocity daily evolution in
the surface layer of atmosphere (Fig. 3). The area of high concentration zone is increased in the center of
southern part of the city, at the territories adjacent to Ponichala, and in the vicinity of Rustavi and Marneuli
highways. Concentration is decreased in the central and northern parts close to Georgian Military Road and
Gldani main.

In the time period from t=15.00 to 21.00h a vertical turbulent and convective diffusion of the dust
becomes especially high. As a result, concentration magnitude reaches 0.9-1.2 MAC at 100 m height above
the major part of the city. At 600 m height a concentration reaches 0.6 MAC. After t = 21.00 h a sharp
decrease of concentration takes place. When t = 24.00 h, a spatial distribution of concentration is similar to
distribution obtained early in the day.

t=18 h, z =100 m
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Fig. 3. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t = 18, 21 and 24 h at 2, 100
and 600 m height over a ground

In Fig. 4 there is shown a vertical distribution of dust concentration in three vertical sections drawn
along the parallel in the surface layer of atmosphere, latitudes of which are 41.69° N, 41.72°N, 41.77°N. It
is seen from the Figure that the vertical distribution of concentration varies during a day in all three sections.
From t = 0.00 to 6.00 h a dust concentration reduction takes place in the ground-level layer. This decrease is
caused by termination of dust pollution process and dust transfer from modeling area to the outside.
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The process of dust vertical diffusion that is caused by diurnal convective motion of heated air
existing near a ground, becomes intense. Air flow catches dust particles. Transfer occurs by means of
separate convective cells having different sizes and shape due to orography. As a consequence we have a
situation, during which the dust concentration transferred to the upper 50 m area of surface layer of
atmosphere exceeds the dust concentration remained in the lower 50 m area.

From t=6.00 to 12.00 h, the quantity of dispersed dust increases along with vehicular traffic
intensification and, respectively, atmosphere pollution in the lower part of the surface layer nearby traffic
arteries is getting higher.
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Fig. 4. Dust concentration vertical distribution (MPC) in three vertical sections (41.69° N, 41.72°N, 41.77°
N) drawn along the parallel in the surface layer of atmosphere

By t = 12 h a dust cloud similar to a ground-level wide thermal is formed in the lower part of
atmospheric boundary layer, in some areas of the city. This cloud gradually increases in size and creates high
concentration areas. From this period the concentration in 50 m thick lower layer of the atmosphere exceeds
the concentration existing in upper 50 m layer. The areas maximally polluted according both geometrical
dimension and concentration, create in t =18.00-21.00 h time interval. After t = 21.00 h, due to vertical
advective and diffusive transfer, dust concentration starts to decrease nearby earth surface and to increase in
its upper part.

Conclusion

The kinematics of dust change created by motor transport at Thilisi territory and daily pattern of its
spatial distribution are studied in case of background eastern gentle breeze. Via analysis of wind velocity and
concentration fields it is obtained that spatial distribution of heavily polluted areas depends on city mains
disposition, and local circulation systems formed under dynamic impact of terrain and diurnal change of
thermal regime on the underlying surface. Maximum concentration 1.0-1.5 MAC is formed in t = 12.00-
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21.00 h time interval in the central, southern and relatively low-lying territories of the city. At 600 m height
from earth surface a maximum value of concentration reaches 0.7 MAC, when t = 21.00 h.
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YUCJIEHHOE MOAEJIUNPOBAHUE PACITPOCTPAHEHMUA I1BIJIM B
ATMOC®EPE r.TEUJIUCH: CIYYAH ®OHOBOI'O BOCTOUYHOI'O
CPEJIHEI'O BETPA

B.I'. Kyxanamsuiu, I'.'U. Kopazaxua, A.A. Cypmasa, H.I'. I'uraypu, JI.H. Uauxupsean
Pesome

C mOMOIIBI0 PETHOHATBHON MOJIETH aTMOC(EpHBIX TpolieccoB Ha KaBkaze W ypaBHEHHs IMepeHOCa-
muddy3un  nmpuMeceid U3ydYeHO paclpocTpaHeHWe TbUIM Ha Tepputopun T.TOwrtucu. YucineHHO
MOJICJTUPYETCS TPOIIECC 3aMbUICHHOCTH BO3/yXa BBIOPOCAMH aBTOTPAHCIIOPTA MPOTEKAIONIMN MPU CpeHei
CKOPOCTH BOCTOYHOTO (POHOBOTO BeTpa. BbUIO MOJIyYeHO, YTO MUKPO MaciiTabHOEe pachpeesieHue MbLTH
CYIIECTBEHHO 3aBUCHUT OT peibeda ropoja M €ro OKPECTHOCTEH, a TakKe HAMpPaBICHUS W BEIUYHMHBI
ckopocTi BeTpa. IIbuib, paccessHHas B T. TOWIHCH, B OCHOBHOM CKOHIICHTPHpPOBaHO B HikHel, 600-
METPOBOI1 30HE MOTPAHUYHOTO clios atMocdephl. Ha BbIcoTe 2 MeTpa ¢ MOBEpXHOCTH 3EMIIH KOHIICHTPAIIUS
1.0-1.5 TIIAK dopmupyercs Bo Bropoit mojopune aus or 12.00 mo 21.00 yaca B LEHTpaNbHOH U FOXKHOMH
gacTax ropoaa. M3ydeHbl OCOOCHHOCTH M3MEHEHHS BO BPEMEHHM BEPTHKAIBHOTO paclpee/icHHs MbIIH B
MIPU3EMHOM ciioe atMocdepsl 1. TOnmucu.
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