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ABSTRACT

Dust propagation at Thilisi city territory in case of strong background eastern winds is studied using
the 3D regional model of atmospheric processes evolution and integration of the equation of admixtures
transfer-diffusion. It is shown that dust propagation substantially depends on both the terrain of city and
surrounding territories and on the magnitude and direction of background wind velocity. It is obtained that
dust propagation process in case of strong background wind is characterized by time variation and spatial
distribution peculiarities. High pollution zones as well as the reasons of their time variation and dust
accumulation are determined. It is established that a high pollution level (1.2-2.0 MAC) is obtained in the
time interval from 3 p.m. to 9 p.m. in the up to 50 m thick lower part of surface layer of the atmosphere.
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Introduction

The represented article is a continuation of studies started in [1] and dust pollution of Thilisi city
having complex terrain is studied in it via numerical modeling in case of strong background eastern wind.
The magnitude of background eastern wind at 100 m height from earth surface (the upper boundary of the
surface layer of atmosphere) equals to 10 m/sec and linearly increases up to 28.6 m/sec at 9 km altitude
above sea level. It is assumed that the dust quantity dispersed in the atmosphere linearly depends on the
traffic intensity. Time and space change of meteorological fields necessary for modeling is calculated
according to numerical model described in [2, 3]. 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
with a complex terrain is disposed in the center of modeling area.

Modeling results

In Fig. 1 there is shown a spatial distribution of dust concentration and wind velocity at 2, 100 and 600

m height over a ground at t = 0, 3 and 6 hours of the first day obtained via calculations. Dust content is given

in units of one-off maximum allowable concentration (MAC = 0.5 mg/m?). It is seen from Fig. 1 that at 2 m

height from underlying surfaces a dust concentration value is less than 0.1 MAC. In the interval of time from
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0.00 a.m. to 6.00 a.m. there is no dust emission in the city atmosphere. Wind takes a dust away from city
territory, and the atmosphere self-purification process occurs, that’s why dust concentration is getting smaller
and by 6.00 a.m. its value in the surface layer of atmosphere is of order of 107-10° MAC. In this time period
dust distribution is featured by the fact that a concentration value at 600 m height is higher than that obtained
at 2 an 100 m height.

t=0h;z=600m.
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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

Starting with 6.00 a.m., the dust pollution level of the atmosphere in city streets is getting higher (Fig.
2). Concentration increase is associated with beginning of intense vehicular traffic. As a result, by t =9.00 h
we get a state when dust is propagated throughout a city. Large magnitudes of concentration are obtained at
Gldani and Temka mains, their crossing areas, Guramishvili Avenue, Saburtalo and Vake mains, Heroes
Square, and at separate sections of Gorgasali Avenue and Kakheti Highway. Concentration is within 0.8-1.0
MAC at mentioned territories. Despite the fact that the vehicle traffic intensity at Georgian Military Road,
Tsereteli Avenue, and both sides of Mtkvari river embankment is roughly the same as at city mains with
high pollution level, the concentration in their vicinity is relatively less and varies within limits of 0.5-0.8
MAC. The mentioned effect is obtained due to orography and thermal impact of underlying surface. In
particular, along the Mtkvari river gorge, during the mentioned time interval, wind velocity direction
changes by 90-180 grades and air stream convergence zone forms. The counter air flow brings along an
originated dust and increases its concentration in Gldani, Temka and Nadzaladevi districts. In Vake and
Saburtalo districts a dust brought by eastern flow, at high altitudes meets resistance of Mama Daviti ridge,
cannot overcome it and increases dust pollution level in the mentioned districts. Dust horizontal distribution
is such that dust concentrations are approximately within a limit of 0.3-0.5 MAC at 2-5 km distance from
heavy pollution areas, while at more distances concentrations drop to 0.1-0.001 MPC. It should be noted that
in morning hours dust pollution occurs mainly in the 50 m thick lower part of surface layer of the
atmosphere. As for higher altitudes, concentrations are small there and are within a range of 0.1-0.3 MAC.
From t = 9 to 21 h the quantity of dust dispersed in the atmosphere, doesn’t change. At the same time, this
time interval can be divided into two periods according to concentration changes:

First, from t = 9 to 18h, when concentration changes insignificantly; Second, from t = 18 to 21 h,
when dust pollution level increases in the central and western parts of the city and reduces in the eastern part
(Fig. 2 and Fig. 3). In these periods dust concentration in high pollution zones reaches 1.5-2 MPC at 2 m
height.
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t=9h;z=100m. t=9h;z=600m.

t=15h; z=100 m. t=15h;z =600 m.
E

Fig. 2. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent=9, 12 and 15 h at 2, 100
and 600 m height over a ground
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In both periods, dust pollution pattern changes depend on diurnal variation of wind velocity. During
the first period there takes place increase of western wind in the western part of the region and convergence
band shift to the east by 1.5-2.0 km distance. Starting with t = 16 h there takes place western wind
weakening in the surface layer of atmosphere, convergence band breakup and eastern wind formation in the
western part of the region. As a result, accumulation of local dust and dust taken by advection, and
respectively its concentration increase occurs to the west of city, nearby the Mama Daviti piedmont slopes.

Two mutually opposite processes of dust pollution take place in the upper part of surface layer of the
atmosphere and in the atmospheric boundary layer. At 100 m height over a ground from t = 9 to 15 h dust
concentration reduces and afterwards, from 15 to 18 h it increases. The mentioned effect is obtained in the
atmospheric boundary layer at 600 m height, as well, though with less obviousness.

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

53



From t = 21 to 24 h a sharp decrease of vehicular traffic intensity takes place. As a consequence, the
guantity and concentration of dispersed dust at 2 m height reduces. At this time, the wind velocity and
vertical turbulence are high in the lower part of a surface layer that causes powerful vertical diffusion and
advective transfer of near-the-ground dust. So, we get a steady state, when maximum dust concentration at
100 m height (0.7 MAC) exceeds the concentrations that are obtained at 2 and 600 m heights (0.1 MAC).

Dust vertical distribution for different moments is shown in Fig. 4. Concentration isozones in 3 cross-

sections drawn along the parallels in the surface layer of atmosphere are depicted there. It is seen from Fig.
4 that from the beginning of a day in this period 0 h< t < 6 h dust concentration in the lower part of surface
layer of the atmosphere is less than above it. After t = 6 h, with intensification of vehicular traffic, the high
pollution areas shaped like convection clouds are formed in the near-the-ground surroundings of dust
pollution sources. Starting with this moment, dust concentration in the lower 50 m thick part of surface layer
substantially exceeds concentration values obtained above it. Afterwards, there takes place intensification of
abovementioned dust pollution processes, which reaches its maximum by t = 21 h. After t = 21 h a self-
purification process — dust pollution reduction occurs. Self-purification process lasts until 6.00 a.m.. Then,
this process repeats on a quasi-periodic basis.
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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
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Conclusion.

The kinematics of dust concentration change created by motor transport at the territory of Thilisi and
diurnal pattern of its spatial distribution in case of strong background eastern wind are studied. 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 at the underlying surface. Maximum concentration 1.5-2.0 MPC is
obtained in time interval of t = 15-21 h in the central and western parts of the city. At 600 m height from
earth surface a maximum value of concentration reaches 0.7 MAC, when t = 21h.

Results obtained through modeling of time and spatial changes of dust concentration qualitatively
correctly describe the true picture. From a quantitative viewpoint, modeling results are close to average
characteristic data of observations [3].
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YUCIEHHOE MOAEJIUPOBAHUE PACIIPOCTPAHEHUSA
MNbLJIA B ATMOC®EPE r.TEBUJIMCHU: COYYAN
BOCTOYHOI'O CUJIBHOI'O ®OHOBOI'O BETPA

B.I'. KyxanamBuau, H.I'. 'uraypu, A.A. Cypmasa,
A.NA. Nemerpammian, JI.H. UHuKkupBeu

Pe3rome

C nomoIb0 peruoHanbHON Moaenu aTMocepHsIX mpoleccoB Ha KaBkase U ypaBHEHUs IepeHoca-
muddy3un mpuMecu B atMocdepe, U3ydeHO paclpoCTpaHEeHWE TBUIM Ha TeppuTopud r. TOwmmuch mpw
CUIBHOM (DOHOBOM BeTpe. AHanW3 IOJNEH CKOPOCTM BETpa M KOHLEHTPALMH MbUIM  [OKas3al, dYTo
IPOCTPAaHCTBEHHOE paclpesielieHne o001acTell BBICOKMX KOHLEHTPALMM 3aBUCUT OT PACIOIOKEHUS
aBTOMarucTpaiei, TUHAMUYECKOTrO0 BO3JIEHCTBUS penbeda U JOKAIbHBIX LUPKYJSLHOHHBIX IMPOLECCOB,
(OpPMHUPOBAaHHBIX HM3MEHEHHEM CYTOYHOTO TEPMHUYECKOI'O PEXHMMa Ha MOACTWIIAIOIIEH MOBEpXHOCTH. B
HIWOKHEH mnpuzeMHOM 50-MeTpoBOl 30HE WEHTPAIbHOM U 3amagHBIX YacTAX TOpoAa MaKCHUMallbHbIE
koHueHTpanuu 1.5-2.0 [TJK popmupyrorcs Bo BpemeHHOM uHTepBajie oT 15 no 21 vaca. Ha Beicote 600 M
OT MOBEPXHOCTHU 3eMii MakcuMaibHas koHueHTpauus 0.7 IIJIK nocturaercs k 21 yacy.
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