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ABSTRACT

Dust propagation at Thilisi city territory in the winter period during western background light wind is modeled
and analyzed using 3D regional model of atmospheric process evolution and via combined integration of
admixtures transfer and diffusion equations. The motor transport moving at city streets and highways is the main
source of atmosphere pollution. Basic peculiarities featuring dust spatial propagation processes under complex
terrain conditions are explored. The role of complex terrain in the passive admixture’s diffusion process is studied,
urban zones with high dust pollution level are established, and the differences between air pollution spatial
distribution in winter and summer seasons are determined. Time intervals, when high dust pollution level of the
air is formed or air self-purification process occurs, are defined. Time and spatial change of dust concentration
in the lower part of the atmospheric boundary layer is studied. It is obtained that 0.8-1.5 maximum allowable
concentration (MAC) is registered at 9 AM and 6 PM at Gldani and Temga district territories situated in the
central and northeastern parts of the city.
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Introduction.

Thilisi is one of the largest cities of the South Caucasus, an administrative and touristic center
of Georgia. Thilisi city relief is highly complex. City is confined from the west and the east by high-mountain
massifs; from the north the narrow Mtkvari River gorge, and from the south the lowland territory connects it
with the external space. Based on theoretical assumptions we suppose that the local air circulations formed
under the influence of the city atmosphere don’t promote city atmosphere self-purification process. Indeed,
according to atmospheric air monitoring network data and other studies the dust concentration in Thilisi
atmosphere frequently reaches and, in some cases, exceeds maximum allowable concentrations (MAC) [1-7].

In order to elaborate air quality substantiated recommendations and carry out practical measures it is

necessary to study theoretically the features of polluting agents time and spatial distribution in city atmosphere,
especially during unfavorable meteorological conditions.

In the presented work, with the purpose of further extension of carried out researches [8-11], city
atmosphere pollution level in winter period is studied via numerical modeling under conditions of western
background light wind. A numerical model is used to describe the development of atmospheric processes and
the spread of pollutants in the Caucasus [8].

Brief description of problem statement.

The 30,6x24 sq. km area of Thilisi and surrounding territories is considered. In order to mathematically
correctly describe the dynamic fields of atmosphere and meteorological parameters under conditions of
complex terrain of the city a relief-following coordinate system (t, X, y, £ =(z—3)/h ) is used. Here t is time,

37



x and y are coordinates directed along parallel and meridian, { is a vertical non dimensional coordinate,

8(x,y) is arelief height above sea level ), h = H - & — troposphere thickness, H(t, X, y) — tropopause height.

The equation for dust concentration change in the selected coordinate system will be written in the
following form

oC oC oC - w,,0C 0 0 0 0 1 o0 oC
—HtU—+V—+W-—")—=——p—+—pu—+—-—v—+F , (1)
ot ax ay h"9f ox  ox o0y 0y h"add o<
where, C — ingredients concentration; u, v, w and w wind velocity components along the X, y, z and { axes, W,
— dust deposition rate, F(t, X, y, ) dust dissipation rate in the atmosphere by the source, p and v — coefficients

of horizontal and vertical turbulence. Wind velocity components and coefficients of turbulence are calculated
through numerical integration of equations given in [8] and formulas determining the coefficient of turbulence.

Dust dissipation in the free atmosphere and surface layer of the atmosphere is modeled through
numerical integration of equation (1), using respective initial and boundary conditions. Numerical grid steps
along the x and y axes equal to 300 and 400 m, and vertical step in the free atmosphere is 1/31 that roughly
corresponds to 300 m. In the 100 m thick surface layers of the atmosphere a vertical step varies from 0.5 to
15 m, while time step is 1 sec. Calculations are made for 3-day period. A case of western light background
wind under dry weather conditions of January is considered. Wind velocity varies from 1 m/sec (at 100 m
height above the ground) to 20 m/sec (in the tropopause at 9 km altitude). Relative atmosphere humidity is
50%.

It is assumed that the atmosphere is polluted by a dust originated at city mains and streets due to motor
transport traffic. Its quantity changes in time and is determined according to assessment of continuous
surveillance materials and transport traffic intensity.

Numerical modeling results

Spatial distribution of dust concentration and wind velocity, obtained through calculation at 2, 100
and 600 m height from the earth surface, when t = 3 and 6 h, is shown in Fig. 1. Concentration is given in the
units of one-off maximum allowable concentration (MAC = 0.5 mg/m?).
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Fig. 1. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t = 3 and 6 h, at 2, 100 and
600 m height from the earth surface.
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It is seen from Fig. 2 that in time interval from 3h to 6h the dust concentration at 2 m height from the
earth surface is practically constant and slightly varies within 0.001-0.1 MAC. 0.01 MAC concentration is
obtained at less urbanized territories adjacent to the city. At the central and densely populated (urbanized)
territories of the city, dust concentration varies from 0.01 to 0.1 MAC. In the surface layer of the atmosphere
dust concentration growths with height increase and at 100 m height it changes within 0.01-0.1MAC in the
major part of the atmosphere. Afterwards dust concentration reduces with the further height increase and at
600 m height its value doesn’t exceed 0.01 MAC. If we compare spatial distribution and quantitative values
of concentration, we come to conclusion that the pollution level in nighttime hours of summer barely exceeds
that obtained in winter period.

After t = 6 h, the quantity of dust hitting the atmosphere increases along with quick growth of motor
transport traffic intensity and rapid pollution of city atmosphere begins. When t = 9h, during first “rush-hour”
situation, at 2 m height above the ground dust concentration is high in the proximity of city mains located in
the northern part (Gldani, Temka districts) and the central (Vake and Saburtalo districts) parts of the city.
Surface distribution of concentration obtained through calculations considerably differs from that obtained in
summer period [12]. Maximum concentration value 1.2 MAC is obtained in the surroundings of the crossroad
of Sarajishvili, Guramishvili avenues and Kerch street. Maximum value at Vazha-Pshavela and I.
Chavchavadze avenues of Vake and Saburtalo districts equals to 0.7 MAC, while highest concentration at A.
Tsereteli Avenue of Didube district reaches 0.9 MAC.
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Fig. 2. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent=9, 12 and 15 h, at
2,100 and 600 m height from the earth surface.

In the time range from 10 AM to midday, under conditions of motor transport traffic constant intensity
and dust dissipation constant speed, in the high pollution level area a considerable reduction of concentration
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is obtained at 2 m height (Fig. 2). Concentration decrease lasts until 3 PM. When t = 12 and 15 h, maximum
concentration values vary within 0.6-0.8 MAC interval. The mentioned maximum concentrations are obtained
at different urban territories distanced from each other, namely in Temka and Saburtalo districts.

At 100 m from the earth surface a dust is distributed above urbanized territories of the city and its
concentration values are equal to 0.3 MAC. The only exception is the concentration values (0.5 MAC) obtained
at quite large territories above the central part of the city, when t = 12 h. At 600 m height above the ground the
concentration doesn’t exceed 0.1 MAC.

After 3 PM, at z = 2 m height, the second stage of dust pollution level increase begins, which lasts up
to 8 PM (Fig. 3). Dust pollution level increases in 1 km thick area of the atmospheric boundary layer. This
growth is especially intensive in the lower part of the surface layer in the surroundings of city mains located
in the center of the city and its peripheries. In the northern part of Thilisi (surroundings of Temka and Gldani
districts), at 2 m height, dust concentration maximum value reaches and even exceeds 1 MAC, while in the
central and southern parts of the city the maximum value equals to 0.8 MAC. At suburban areas, dust
concentrations are within 0.2 MAC.

Dust vertical turbulent and convective transfer processes occur along with the increase of its surface
concentration. Dust concentration growth in the upper part of the surface layer runs with approximately 3-hour
phase lag. As a result, maximum concentration value, which is equal to 0.6 MAC is obtained at 100 m height,
when t = 21h. At 600 m height from the earth surface dust pollution level is virtually unchanged and is less
than 0.1 MAC.
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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 from the earth surface

After t = 20h the stage of surface concentration reduction begins, which lasts up to t = 24h. Concentration
value by this time is within 0.1 MAC at urbanized territory. At 100 m height from the earth surface, dust
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concentration roughly equals to 0.2 MAC. Calculations show that in case of constant wind, dust transfer and
diffusion process has quasiperiodic character with 24h period.
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Fig. 4. Dust concentration (MAC) distribution within a day in the surface layer of atmo-sphere in three
vertical planes located along the parallel (Y=41.69°, Y=41. 72° and Y=41. 77°).

In Fig. 4 there is shown dust concentration vertical distribution in the surface layer of atmosphere, in
three vertical cross-sections drawn along the parallel, with three hour time interval. It is seen from Fig. 4 that
from the midnight to 6 AM an atmospheric dust is transferred to the upper part of the surface layer of
atmosphere. From t = 6h dust pollution areas start to form near the underlying surface. At following points of
time, a surface dust is propagated in vertical and horizontal direction. Intensive vertical dust transfer starts at
t=18h and lasts until t = 21h. Dust cloud form points at the convective mechanism of its origination. Prevailing
directions of dust propagation are seen in Fig. 4 and from there we can determine respective dynamic processes
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causing dust transfer. We can conclude that local circulation processes at the same territory may have different
character at different points of time, namely advective, convective or turbulent-diffusive.

Conclusion

Motor transport-induced dust pollution change kinematics in winter period at the territory of Thilisi is
explored in case of western background wind. Diurnal pattern of dust spatial distribution and its propagation
peculiarities are studied. Through analysis of wind velocity and concentration fields it is obtained that spatial
distribution of heavily dust polluted areas depends on city mains location, on one hand and on dynamic impact
of relief, and local circulation systems formed by daily change of thermal regime at underlying surfaces, on
the other.

Comeparison of dust concentration spatial and time distribution in winter period with that obtained
through calculation for summer one, shows not only their similarity, but also points at substantial qualitative
difference between them. Distinctions are manifested in different location of high dust pollution areas,
maximum dust pollution level occurrence time, and dust vertical and horizontal distribution. Differences
between concentration distribution in case of the same background wind can be explained by the seasonal
character of local hydrometeorological fields formation. In particular, Thilisi city relief, in case of western
background light wind, generates local cyclonic vortex in winter, and anticyclone vortex in summer. These
vortices, due to diurnal change of thermodynamic fields in the surface layer of atmosphere, experience periodic
variations of shape, velocity field and location during a day. The mentioned circumstance has an effect on dust
transfer-diffusion process and causes differences in spatial distribution of concentration fields between the
winter and summer periods.
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J. 000olol GgMGHMM05Hg Hsdms®m8o 3E3MOL 3o3M3gEgdoL
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5. by®9s3s', ¢0. 339M©fomgmo, g. 0bfzoMm3zgwmo, b. gogsmMo
%003

5BHBMLEIOHMWOo 3Gm37L9d0L g3meEool 3D Mgrombsemo ImEIEols s Jobsg39d0L QoGBS -
ORYBool  9BGHMEO0L  9HNMIWO30 0bGHIYM0MHgdom  MHOELMIMOZ5©  FMEILOMHIOMEIO S
2300650BgdMos  IB3MOL  493M3EJwgds g 0d0oboL  GJMHoGHMOm05Dg BFNGOL  39Mom©do
i3I0l BMbMMO  LMLEHO  JoMob EOML.  SEHIMBRIOML  Esd0BIMEMGOOL  doMOMI©  FYsOML
0o00m5a9bL Joamsdol JmPadls o BoaolBMEgdHg 8mdMo30 953EMGHMBL3MOEGH0. 250M3I3WgME0s
doM0MIEO  3930L909M9ds60 MMIgdoE SHILSMYOID OHMwwo Mo gxzol 30OHMdJddo IEIMOL
LogM(E7d0 293039900l 3OHM3gLL. dgLfagerowos MMM MHYE0gBOL OHMEO 35B0MHO d0bsMIY39d0L
©oxbBooll 3OHMEgLd0, IYRY6OE0s Joesdol Forswro sdBHZYMH0s6gd0L BMbgdo, sMBMBgBoE0s
24961b35399900 MGG 9OLYOMIGD BsFMMOLS S BsFHLYOL LgBMBIdTO 5EIMLGIOEO 35900l
©59(339605693930L  LogOHEME  A9Bsfowgdgdl FmEOL. 23BLEBWIGMWos OHMOL  0bEYM35egdO,
OMEYbSG BMOI0OEIGds 35900l Fooro IBHZIM0569ds 96 Bgds 3590l M3000OLRMO3900L
3639L0. dgbfageoos SEGHIMBRIOML LELIHBOIOM 3gbol J39ws bsffoerdo IEH3MOL 3mb3IBEGMsEO0L
QOMLY 5 LO3zM(39d0 330 Yds. 80O 0965, ™A 0.8 - 1.5 B3O OLEAZ900 3Mmb396EHMSE0S
(B©3) d00mgds EOL 9 s 18 By Jowsdob 3gbGHGoME s RMEOEIM -50dmbogergm bafioegddo
90090569 26oLS s M9TJol Go0MbOL FHgMHOEHMMH0gdBY.

Yucaennoe Moaeanposanue Pacnpocrpanenus IIbliim 3umoi Ha
TeppuTopuu r. Touaucu

A. Cypmasa, JI. I'Bepauurenn, JI. Unukupsenan, H. 'uraypu

Pe3rome

HccnenoBano pacnpocTpaHeHHE MBI HAa TEPPUTOPUM ropoja TOWIMCH B 3UMHMHA NEpHUOX NMPHU (POHOBOM
caboM 3arajiHOM BETpe ¢ UCIOJIb30BAaHHEM PETHOHAIBHOM TPEXMEPHOH MOJIENN IBOMIOLUH aTMOC(EPHBIX
nporieccoB 3D u mHTErpUpOBaHUs ypaBHeHUs nepeHoca-auddy3un npumeceil. B Monenn aBToMOOHIIBHBIH
TPAHCHOPT paccMaTpUBAETCS KaK OCHOBHOW HECTALMOHAPHBIH HCTOYHHUK 3arps3HEHHs, OT KOTOPOro B
aTMoc(epy BrIOpackiBaeTcs IbUIb. [IyTeM dnciaeHHOro MOAETUPOBAHHS ITOKA3aHO, YTO MPOIIECC 3arpsS3HEHUs
aTMoc(epHOro BO3/yXa MBUIBIO MTPOTEKAET B YETHIPE ITara M 3aBUCUT OT WHTEHCHUBHOCTH aBTOMOOMIIEHOTO
JBIDKEHHS, MUKpopesbeda ropoja M paclojiOKEHUs aBTOMOOMJIBHBIX Maructpaneil. MccnenoBaHbl
0COOEHHOCTH PAacIPOCTPaHEHHS MBLUTH B 3MMHHI NIEPUOJ T'0J1a, POJIb CIIOKHOTO penbeda npu AupGy3un MbLIH,
OTIpE/IETICHBl 30HBI BBICOKOTO 3albUICHHOCTH, BBIABIEHBI PA3IAYHs MEXAY MPOCTPAHCTBEHHBIMH
pacnpeneNeHusIMI NBUIM B 3UMHUM M JIETHBIA Nepuoasl roga. OmpeneneHbl MHTEpBaIbl BPEMEHH, Korjaa
(hOpMHPYIOTCS 30HBI BBICOKOT'O 3aIIbUICHUS] BO3/yXa WM MPOUCXOIUT CAMOOUHUIIECHHUS TOPOJICKOTO BO3IyXa.
[Monmy4yeHo, 4YTO 30HBI BBICOKOW 3ambUIeHHOCTH C KoHIeHTpamusmu 0.8-1.5 mpenenbHO omycTUMast
KOHIIEHTpanuid popMHupYIOTCst ¢ 9 4. yTpa o 6 4 Bedepa Ha TeppuTOpusx [maHckoro u TeMKHHCKOTO
palioHOB.
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