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ABSTRACT

Spatial distribution of meteorological fields and dust concentrations in case of northern background
winds is studied by means of the model of mesoscale atmospheric processes evolution at the territory of
Kakheti and numerical integration of transfer-diffusion of passive admixtures.

It is shown that the Kakheti terrain has significant impact on formation of meteorological fields in
boundary layer. The impact of terrain is substantially weaker in free atmosphere. Influence of regional terrain
on background flow causes formation of horizontal and vertical swirls and waves directed along the
background flow. There is a wave not only in atmospheric boundary layer, but also in free atmosphere.
Vertical vortexes are formed on windward and leeward sides of the Greater and Lesser Caucasus Mountains,
some of them are in the vicinity of ranges. Sizes of formed vortexes are depended on ridge width and height
or on gorge depth.

Pictures of dust spatial distribution are obtained. Dust dispersion areas in cities are determined. Dust
dispersion kinematics is studied. It is obtained, that in 2-100 m atmospheric layer dust dispersion mainly
occurs through turbulent diffusion. In layer from 100 meters to 1 km height the processes of diffusive and
advective transfer are equal, while above 1 km advective transfer of dust is primary.

Key words: numerical modeling, local circulation, meteorological field, air pollution, equation of mass
transfer

1. Introduction

In this article the numerical investigations of the local meteorological fields and the spatial distribution
of the dust concentration obtained by the numerical model of the [3 -mesoscale atmospheric processes in the

Kakheti Region made in [1, 2, 3] are continued.

Numerical integration is made on spatial grid comprising of 118x90x31 points. Grid steps are 2 km in
horizontal direction, while in vertical it varies from 2 to 15 m in the surface layer, and from 15 to 300 m in
the boundary area and free atmosphere. Time step is 10 sec.

Climate conditions corresponding for June are taken. Meteorological situation corresponds with
northern stationary winds, when the velocity of geostrophic background winds is 1 m/sec at the height of 10
meters. The speed linearly increases along with height and reaches 23 m/sec at a height of 9 km.

The distributions of the anthropogenic dust emitted in the atmosphere from Thilisi and Rustavi cities
and 19 little towns of Kakheti and 3 towns of Azerbaijan are numerically modeled. The data of National
Environment Agency [4] are taken as the initial and boundary values of the monthly average concentrations
at the height of 2 m in atmosphere at the territories of Thilisi and Rustavi, while for territories of other cities,
where observations over dust pollution were not conducted, an initial concentration values are calculated
according to given methodology [5]. The initial concentration of dust at the points of the network that don’t
belong to cities is considered equal to zero. The diameter of dust particle is assumed to be equal to 10 um.
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2. Results of modeling. On Fig. 1-12 are shown patterns of spatial and time distribution of
meteorological fields at midnight (t = 0 h) obtained through calculation.

On Fig. 1 is shown wind velocity vector and module at the height of z=10m —a), b) and z =100 m —
c), d), respectively. It is seen that terrain impact on northern background winds in surface layer of the
atmosphere has caused significant change in velocity field at the territory located between the Greater
Caucasus Mountains and Trialeti range. Northern wind occurs only on northern slopes of the Greater
Caucasus Mountains and part of Trialeti range, which is situated in south-eastern part of modeling area. At
the rest of territory north-western, western and south-western weak winds are obtained. Formation of clearly
separated air convergence band along the southern slope of the Greater Caucasus Mountains should be noted.
This band follows Alazani River valley. At the mentioned territory wind velocity is not big. At the height
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Fig. 1. Wind velocity and sped at height z =10m — a), b) and z =100m — c), d), from earth surface,
respectively, when t = Oh.

of 10 meters windless conditions take place basically. At 2 and 100 m height from the earth surface (Fig. 1
,C) and d) spatial distributions of wind velocity are similar to each other. Change in wind direction and
magnitude in surface layer is analogous to changes peculiar to boundary planetary zone. At 100 m height
from earth surface windless conditions are obtained only at small territories near Shiraki valley and Eldar
lowland.

In the free atmosphere a wind keeps the direction of background wind (Fig. 2). Surface distribution of
wind velocity module changes with height increase. At 3 km height wind velocity in the central part of
region is less than velocity obtained in northern and southern parts. On the contrary, at 6 km height wind
velocity along the Greater Caucasus Mountains is less than velocities of winds existing above lowland and
plain territories.
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Fig. 2. Wind velocity and sped at height z = 3 km —a) and 6 km — b). The latitudinal projection of
wind velocity on XOZ plane when Y = 20 — c¢), and longitudinal projection of wind sped on YOZ plane when

X =20 -d), whent=0h.

For orography flow-around phenomenon is characteristic the formation of wave and vortex motions
both in boundary layer and in free atmosphere (Fig. 2, ¢) d), Fig. 3 — Fig. 6). Vertical vortexes are more
clearly expressed in the surface layers of atmosphere than waves in free atmosphere. Anticyclonic vortexes
are obtained in planes directed along the background flows (meridian planes). They are formed not only at
lowland territories, but also on hill-sides of ridges and highlands with sufficient length. Horizontal scales of
swirls are depended on sizes of orography non-uniformities. In boundary layers of atmosphere vortex
structures in planes perpendicular to background flows (along the parallel) are not clearly expressed. Flow
direction above lowland and plain territories doesn’t change with distance from earth surface.

In the surface layer of atmosphere the basic distinguishing feature of temperature field is its increase
with distance from earth surface. In Alazani valley and in the vicinity of lori plateau air temperature at 100 m
height is roughly 4°C higher than atmosphere temperature at 2 m height. As to the soil, its temperature is

equal or slightly lesser than temperature obtained at 2 m height.
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Fig. 3. Longitudinal projection of wind sped on YOZ plane when Z < 3, x =30, 20< y< 40 - a),
40< y < 60-b), 60< y < 80-c)andt=0h.

Temperature gradient in atmospheric boundary layer and in free atmosphere is mainly directed
westward (Fig. 7). In the free atmosphere temperature field is represented by meridionally oriented zones,

which are deformed by advective and turbulent heat transfers. Deformation is complicated and its
explanation needs additional research (Fig. 8).
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Fig. 4. Longitudinal projection of wind sped on YOZ plane when Z < 3, x =60, 20< y< 40 — a)

40 y<60-b), 60 y < 80-c)andt=0h.
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Fig.6. Latitudinal projection of wind sped on XOZ plane when Z < 3,y =60, 20< x < 40 - a),
40s x =< 60-b), 60 x < 80-c)andt=0h.
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Fig. 7. Temperature (°C) on the earth surface — a), at height from earth surface z = 2m-b),
100m - ¢) and surface pressure (mb), when t =0h.
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Fig. 8. Temperature (°C) on at heights z = 1, 3, 6. 8km when t =0h.
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Fig. 9. Vertical velocity field (m/sec) at at height from earth surface z= 100 m —a), 3 km —b), 6 km —
¢) and 8 km —d) when t = 0Oh.
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Fig. 10. The mass content of water steam (g/kg) at height z= 3km —a), mass content of water (g/kg) at
z=2km —b), 3 km —c), and precipitate — d), when t=0h.
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The value of surface pressure changes from 1000 mb in the vicinity of Mingachevir reservoir to 740
mb in the neighborhood of main peaks of Caucasus Mountains.

On Fig. 9 is shown distribution of isolines vertical of velocity. As is seen from figures, in the central
part of the region — lori plateau, Alazani valley and in the vicinity of Jeiran valley the field of vertical
velocity has band structure, in which the value of downward motion velocity changes within 0 — -1m/sec,
while the value of upward vertically motion velocity doesn’t exceed 0,1 m/sec.

At the 3 km and more height vertical distribution of velocity is typical for region. It consists of small-
size cells of upward and downward motions, location of which corresponds with disposition of separate
small-size ridges.

Massive content of water steam, cloud water and precipitations fallen obtained by calculations are
shown on Fig. 10. As is seen from figure, the cloud is formed in two areas, but water content in them is so
small that despite great magnitudes of vertical velocities, water content is not sufficient for rain.

Dust distribution in surface and boundary layers of atmosphere obtained by calculation is shown on
Fig. 11 and 12. It is seen from figures that in the neighborhood of Thilisi, Rustavi, Marneuli and Bolnisi
cities dust distributions at 2 and 10 m height are virtually the same and their concentrations insufficiently
differ from each other. The mentioned distribution in the vicinity of pollution sources is caused by windless
condition and meteorological situation close to windless one. At 100 m height the dust emitted from different

sources experiences
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Fig. 10. Dust concentration at heights z= 2, 10, 100 and 600 m when t = Oh.
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Fig.11.Dust concentration at heights z = 1, 1.5, 2 and 3km when t = Oh.

superposition as a result of horizontal diffusion and pollution area is like unite dust cloud with two clearly
expressed centers in the outskirts of Thilisi and Rustavi. In Sagarejo and Gardabani the dust is dispersed at
very large distances that primarily is caused by the processes of advective transfer.

Conclusions

Thus, carried out numerical modeling has manifested the meteorological features, which are peculiar
to Kakheti region in case of flow-around of its terrain by northern background winds at midnight (t = Oh). It
is shown that terrain impact on background flow causes formation of vertical wind swirls. Horizontal size of
swirls is depended on the width of terrain deepening, while vertical size — on the value of wind velocity in
atmospheric boundary layer. Formed centers of local circulations are located like sublayers close to surface
and also at a remote. Circulating swirls are mainly dominant in meridian plane and they have the direction of
anticyclonic rotation. In swirls formed in planes directed along the parallels wind rotation direction is both
cyclonic and anticyclonic.

Orographic internal gravitation waves are formed in atmospheric boundary layer and are spread in free
atmosphere. Wave amplitudes are directly proportional to orographic resistance, height and wind velocity.

Formation of vertical motion bands with up to 1 m/sec velocity in atmospheric boundary layer is
peculiar to flow-around process. These bands are narrow and in the form of several dozen kilometer length
areas follow the southern slopes of the Greater Caucasus Mountains and north-eastern hillsides of Tsiv-
Gombori range.

Separate multiple cells of vertical convection are formed above regional ridges both in atmospheric
boundary layer and in lower and middle tropospheres.

Specific picture of temperature horizontal distribution is peculiar to this process. Temperature field in
surface layer of atmosphere is determined by the form of sublayer surface, orography inclination to the
horizon and its height. Temperature field in troposphere is represented by vertically oriented bands, which
are deformed as a result of impact of thermodynamic heat transfer processes in the region.

Complicated hydrodynamics of the region has an impact on dust dispersion in atmosphere. Vertical
diffusive dust transfer is dominant in surface layer of atmosphere, while in atmospheric boundary layer the
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important role belongs to advective dust transfer and horizontal diffusion. As a consequence, dust is
dispersed at large areas in atmospheric boundary layer. Dust pollution zone with more than 0.1 MAC is
limited between Thilisi and Rustavi cities and small-size atmosphere part situated in the vicinity.
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M35 M0 993gMOHMEMY0Oo 39¢9d0L S IGH3MOL
3M6396E®5300L LogMEIEOo gsbsfjoagds 3obgomols
5@0mligzgMMmdo gmbmo BMHoEMgmol Jsmols ®mls

6. 202519600, 5. LvyMTogzs

®9bomdy

39bgmol  BHgMo@MEm05Dg  IgbmBoldGHodol  sEGHIMLBIGwo  3OHM3gLYOOL gm0l
9mgol s 3sbov)Mo  Gobsg30L  gooBebs - oEMBool  obEMmEgdol  Gogbzomo
06@93606930L  LsdMogdom  FgLHogze0wos  F9GHIMOMWMYPOMEMmO  39¢900L  ©s B3O
3063965300l LOgM Mo Yobsfowgds Abgzow BOHOWMgmMOL BMbMMO Jstols gdmbgzgzsdo.

B5B3969005, I 35bgmols MHgeogio 36093690 ™356 go3wgbsl sBYBL 9B gmememyo©O
390900l BMOI0MYOsDY  5BHIMLGBIOML  LolsBOzmm §gbsdo. MHgeogxnol o3wgbs ™Mg30LwBs
5GImbygdmdo 3603369wm3zbs LLGos. Mga0mbols Mgwogzgol dmddggds Bmbme ©0bgdsHy
3OH0DMbGHIWMM0, 390FGH035IMO0 MR OOLS, s BMBMMO ©0bgdol oMoz dodsGronmwo
G090l omdmTmdsl 0f393L. GHOows sMLYIMOL MMAMOG 5GHIMLBIOML LobsBOzm™m g9bsdo,
31939 30RO SEHIMLGBIOMT0. 39MEIOWIOO AM0YIWIOO BMOTOMYINO 5M0SD T390
93069  393395b0Mbol  J9ggdol  JoM3oMs @s JoMBMGs Tbotgl, bmpoghmo dzocg Jgwogdol
00053mgddo.  FoMIMIMdOwo  aM0yool  Bmdgdo  IIM30EIOE0s  Jgol  Logsbgbg o
LooMgHY, 96 bgmdol Low®dgby.

9009005 933M0L LogMEIo Fbsfogdgdol LrMmsmgdo. FobloBOIMWW0S Jowsdgdol
93300l 353039 9gdol 56M99g00. FguHogzer00s IBHIMOL 2930 39Igdol 30693035, F0MdME0s, Brend
5GImbygmmlb 2 — 100 9 1396530 8B3MOL 2530 (3ggds MB30MsGHYLs® GYIMdMYWIbEHMMO ORWHBOoOm
bgds. 100 9-sb 1 30-g 89bsdo ©OoRMHBOMGMO ©d 5©39J30M0  F9IGHBOL  3MM(39LgdO
AME7sL0s, beagnem 139-0b 9300 JoOHO0MEOs IEHIMOL 5Q39J30IM0 FoIEBS.
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IIpocTpancTBeHHOE pacpoCTPAHEHHE METEOPOJIOrHYEeCKHUX ToJiei 1
KOHIIeHTpauus nbliin B atMoc(epe Kaxeru B cayuae GoHOBOIO
CeBEPHOro BeTpa

H.I" T'uraypu, A.A. CypmaBa
Pesome

C moMOLIbIO MOJENTH 3BOJIOIMU ME30METECOPOJIOTHYECKUX aTMOC(EPHBIX IMPOLECCOB U YUCICHHOTO
WHTETPUPOBAHUS YpaBHEHUs TMepeHoca-Tuddy3uu mnpuMmecHn Ha Teppuroprn KaxeTw wuccienoBaHbl
MPOCTPAHCTBEHHOE PACIIPE/ICTICHUE METCOPOJIOTMUECKHUX MOJICH M KOHIICHTPAIHS TBUI B clydae ()OHOBOTO
ceBepHoro Betpa. [lokaszaHo, 4yro penbed Kaxeru cymiecTBeHHO BiusieT Ha (OPMUPOBAHHE JIOKAIBHBIX
METEOPOJIOTHYECKUX MOoJeil B aTMocepHOM TMOrpaHHYHOM cioe. B cBoOomHoit aTMmocdepe BIusHUE
3HAUYMTENLHO cinabee. BosnmelictBue penbeda Ha (OHOBOE NBMIKEHUE BO3JyXa BBI3bIBACT BO3HUKHOBEHHUE
Me30MacITaOHbIX TOPH30HTAIBHBIX M BEPTHKAJIBHBIX BUXPEH M BOJHBI, HANPABICHHOW BIOJIb (POHOBOTO
JBIKCHUsT BO3IyXa. BoiHa cyliecTByeT Kak B MOTPAaHMYHOM CJIOe, TAK M B CBOOOIHOHN aTmocdepe.
BeptukaibHbie BHXpU (QOPMUPYIOTCS C HABETPSHHOW W TIOJBETPSHHOW CTOPOH Oporpaduyeckoro
MPensATCTBUSA. PasMepbl BO3HUKINUX BUXPEH 3aBUCST OT IMUPUHBI M BBICOTHI WJIM TIYOWHBI TOPHOTO XpedTa
WIIU YIIETIbsI, COOTBETCTBEHHO.

[Mony4eHbl KapTHHBI MPOCTPAHCTBEHHOTO PACHPEICTICHUS U ONpPECICHbl 30HBI PACIpPOCTPAHCHUS
ropojackoit meimu. M3ydena kuHetnka mporecca auddysuu 3arps3HeHus Bozayxa. [lomydeHo, 4ToO B
HwxkHeM, 2-100 MeTpoBOM ciioe aTMocdepbl TypOyieHTHas Auddy3us urpaetr npeodiiafarollyo poib B
nporecce pacrnpocTpaHeHus: meun. B cnoe ot 100 M go 1 kM BiamsHUS TypOyneHTHOH muddy3un u
aJIBEKTUBHOTO TIEPEHOCA OJIMHAKOBBI, a BBIIIC 1 KM - aIBEKTUBHBII MepeHoc npeobiaaaeTt Hal TypOyIeHTHON

muddy3uei.
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