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Abstract

Numerical modeling and studies of the wind fields over the South-East Europe, Asia
Minor, Middle East and Caucasus terrain is carried out. Traveling synoptic scale vortex wave
generation and subsequent evolution of orographic vortices are discovered. The local struc-
tures of f-mesoscale wind field in vicinity of the east shoreline of the Black Sea and the cen-
tral part of the South Caucasus are investigated.

It is also numerically investigated the distribution of the pollution emitted in the at-
mosphere from a hypothetical sources located both in internal points of the South Caucasus
and its border areas. The main trajectories of movement of the maximal concentration zone of
the clouds of pollution clouds are shown.

1. Introduction

At present many hydrometeorologists are actively studying mesoscale atmospheric
processes above the complex terrains. The problem being complex, in itself, becomes more
complicated because its solution is closely related to other important problems of dynamical
meteorology [1, 2].

The essential contribution to the solution of this problem was brought by scientists of
scientific school G. I. Marchuk, firstly in the Computer Center of Siberian Branch of Acad-
emy of Science USSR [3-15], and later in other scientific research institutes of the post soviet
republics [16 - 21]. Distinctive feature of researches of this school is a use of modern highly
effective numerical methods for the decision of the nonlinear equations of hydrothermody-
namics of atmosphere and methods of parameterization of the subgrid scale of physical proc-
esses.

The Caucasus has very complex relief. Here two high mountain ridges mass — the
Main Caucasus and Minor Caucasus ridges are surrounded by three seas — the Black, Azov
and Caspian Seas, the high mountain ridges of Anatoly Peninsula and Iran. The existing net-
work of natural supervision cannot describe in full all palette of large- and mesoscale features
of spatial and temporary change of the hydrometeorological fields in this region. Therefore
numerical modeling of development of atmospheric processes is effective way for research of
the mechanism of interaction of the atmosphere and complex relief above this territory. For
the last decades, a significant consideration is given as well to the problems of dynamics of
land-locked seas: the Mediterranean, the Black and Caspian seas [16-20]. Therefore, the study
of role of mountain ridges located in neighbourhood of Caucasus in formation of the vortexes
fields above and the trajectory of pollution substance in this complex terrain area is a great
theoretical and applied importance.
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For investigation above-mentioned problems we use the regional model of develop-
ment of the mesoscale atmospheric processes in vicinity of Caucasus elaborated at the Nodia
Institute of Geophysics [19]. This model is also used for investigation of the trajectory of pol-
lution clouds in the area of Caucasus.

2. Simulation Results

2.1. Generation of a-meso-scale vortices

In this part of the article we discuss the results of the numerical experiments carried out by us-
ing the model [19] for investigation of the influence of the Caucasus relief on spatial and temporary
evolution of the moving synoptic scale vortex. It was considered the enlarged territory that involves
the part of south-east Europe, Asia Minor and South-west Asia, North-east Africa, Near East
and waters of the Black, Azov, Caspian and Mediterranean seas (Fig. 1 a). The Caucasus is
located in the centre of this area. The background large-scale idealized anticyclonic and cyc-
lonic waves flow this region with velocity 10 m/s directed to the east (Fig. 1 b).
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Fig. 1. The height of relief (km) of the modeling area — (a) and the background
synoptic scale wind field (m/s) — (b).

In first, for estimation of the influence of roughness of the Earth surface, we model the
evolution of the synoptic scale vortex wave in case of flat orography. The modeling shows
that the large scale wave varies in shape and size during its traveling to the east, at the same
time the separate a - mesoscale (500 - 1000 km) vortex of wind velocity (Fig. 2) generates
and disappears. Life period of existing of these vortices is about 24-36 hours. Vortices are ob-
tained not only at the surface of the Earth but also in the middle and upper troposphere. This
indicates that there is an energy transfer from the large-scale vortex to the mesoscale vortices.
The considered process takes place only in case of baroclinic atmosphere and is absent in
barotropic one.

The results obtained when an influence of the real relief are taken into account are
shown in the Fig. 3. As follows from the Figure 3a, complex relief significantly varies the
general picture of large-scale movement of the air in the lower troposphere. Along with a dy-
namic baroclinic effect a kinematic effect of the relief lay on the motion of air. The mesoscale
wave perturbation occurs at in the vicinity of the Carpathians as a result of the influence of
orography. A zone of wind speed divergence is obtained in the Caucasus and northern Iran.
The mesoscale cyclonic vortices generate in the vicinity of the eastern Black Sea and Meso-
potamia. Strong north-west, north, northeast and east winds are obtained over the Caspian
Sea, hilly areas of Iran and the Anatolian peninsula. A cyclonic circulation of wind was ob-
tained over the relatively small territory to the east of the Caspian Sea. In general it is evident
that the relief of the western and central parts of the region strengthens anticyclonic vorticity
of the background movement of air. Figure 3b shows that as the background vortex propa-
gates to the east, the surface flow varies significantly to the instant of time /=24 hours. Over
the western region the anticyclonic vortex splits into medium-scale anticyclonic and cyclonic
vortices with the centers in the vicinity of the Carpathians and the Crimea, respectively. Over
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the eastern part of the Mediterranean Sea wind was divided into two oppositely directed
flows. Two counter- current flow of air in the vicinity of Mesopotamia converge and form a
strong southeast wind, which reaches the South Caucasus.
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Fig. 2. The surface wind fields in the baroclyne approximation for a flat relief
calculated at 1 =0 £ (a), 24 & (b), 48 h (c), 72 h (d), 96 h (e), and 120 h (f),
respectively. Horizontal and vertical grids steps are equal 40 km.

During the time interval of hours anticyclonic vortex in the vicinity of the Carpathians
gradually defuses (Fig. 3(c), (d)). In the vicinity of the Anatolian peninsula, the Caucasus and
the Caspian Sea there are anticyclonic and cyclonic wind vortices. A cyclonic air movement
over the Mediterranean Sea becomes stronger. After £ = 96 hours the process of propagation
of large-scale wave vortex recurs with some quantitative differences of the meteorological
fields. In general, the obtained wind fields at the level of the atmospheric surface layer quali-
tatively reproduce the fields that were constructed via the analysis of synoptic maps at the
passage of large-scale pressure formations [22] over the Caucasus. The differences of the
wind speeds and temperatures were calculated for the quantitative estimation of the relief in-
fluence effect, obtained taking into account the influence of orography irregularities and with-
out taking it into account at the moment t = 24 hours. It was found that the influence of relief
on the surface layer is manifested in reduction of large-scale cyclonic and anticyclonic vortic-
ities. The wind speed in some parts of separate territory can vary by the value of the order of
background wind speed, and the temperature-up to 10°C. Thus, we can assume that the
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roughness of orography in the lower troposphere facilitates a development of mesoscale vorti-
cal turbulence followed by smoothing of the wind speed fields and temperature.
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Fig. 3. The surface wind at 1= 0 & (a), 24 h (b), 48 h (c), and 72 (d) A.
Horizontal and vertical grids steps are equal 40 km.

2.2. B-mesoscale fields of the wind speed

Figure 4 shows spatial distributions of the wind field obtained at modeling of (-
mesoscale circulation in the vicinity of city Batumi. From the figure it follows that the calcu-
lated field of wind speed in the lower and middle troposphere differs significantly from the
background wind both by direction and magnitude. Northern, north-west and west winds were
obtained at the surface layer (z = 50 m). A closed mesoscale vortex is generated at the level z
= 1000 m above the Black Sea. At the height of 2000 meters this vortex travels to the south-
west. The wind direction varies gradually in the middle and upper troposphere. The wind di-
rection approaches the back-ground direction with removal from the Earth’s surface. The
analysis of the calculated wind field shows that the influence of relief is significant in the
lower atmospheric layer having thickness 3-4 km. Here the relief can substantially vary the
direction and magnitude of the wind speed. The influence of tropopause dominates at the lev-
els of the upper troposphere, where the wave disturbance lies on the background wind field.

The local mesoscale vortex may be also formed above the mountain areas but in the upper
levels of atmosphere. The main characteristic property for such territory is generation of
mesoscale waves with length about 5-10 km which distribute in the direction of main flow of
air (Fig. 5).

3. The possible trajectory of pollution clouds emitted from hypothetical sources in the
atmosphere of the Caucasus

The series of numerical experiments were made for investigation of a trajectory of pas-
sive pollutant substance displacement in the Caucasus region on the base of model [19] and
equation of diffusion of passive pollutant substance in the atmosphere. For this goal the hypo-
thetical sources of the pollutions was located on the various points of this region. The location
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of such possible sources of pollution in vicinity of the port town Poti is shown in the Fig. 6.
The passive pollutant substance
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Fig. 4. The topography and wind fields at altitudes z = 50 m,
400 m, 1000 m,2000 m, and 8000 m, respectively. Horizontal and
vertical grids steps are equal 5 km.

during 6 h is continuously emitted in the atmosphere in the rectangular area Q (10 km* 10
km*0.8 km). The initial concentration in the area of source is equal 100 arbitrary unit (a.u.).
Such situation can be take place in cases of accident on the oil tankers or the oil storages and
in the other processes of transfer of the air pollutants.

The meteorological situation corresponds to the flow of the Caucasus by the weak sta-
tionary background west wind. The background wind velocity on the surface level z =40 m is
equal to 0.1 m/s and it is permanently increasing with height. On the level z = 12 km the
background wind becomes equal to 20m/s. The effect of the relief on the stationary back-
ground flow provides the quasi-stationary air motion (Fig. 6b). The wind velocity field on the
low layer is similar to anticyclone one. It gradually changes on the upper levels and in vicinity

of the tropopause it becomes like the background western wind. The temporary change of the
spatial distributions of the
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Fig. 6. The spatial picture of the Caucasus relief — (a) and the distribution of the wind

field on the level of the surface layer of the atmosphere in case of the weak background

western wind — (b).The red circles point to the location of the pollution sources (Poti
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Fig. 8. The spatial distribution of the wind field vectors and the concentration of pollutant
substance q in t=72 and 120 h on the surface level z = §(x, y) and the levels z=1 and 3km.

pollutant substance is shown in Fig. 7. This figure shows that the main part of the pollution
cloud in the lower levels z <2 km is moved to the north-west direction and at t =24 h is dis-
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tributed over the north-east part of the Black Sea and west part of the Main Caucasus. The
small part of the pollution substances is carried out to the east over the Colchis Lowland and
passing over the Rikoti Pass is spread on the East Georgia over Kartli Plain. The maximal
value of the concentration for 24 h interval of time in the boundary layer is decreased from its
initial value 100 a.u. to 70 a.u. (z =1 km).

For t = 144 h the pollution over the Georgian territory is significantly decreased (about
5x10* times). On the surface level the maximal value of the concentration is equal 0.16-0.18
a.u. and this value is obtained in the north of the modeling area over the north east part of the
Caspian Sea. In the other areas the concentration is les than 0.01 a. u. The concentration de-
creases with a height and the on thee level z = 3 km the concentration approximately equal to
0.01 a. u. is obtained only in the small area over the north-east part of the Main Caucasus.

If emission of the pollutant substances takes place in vicinity of Batumi city, then
moves during first five-six hours to the north near the east-north shore of the Black Sea. The
diffusion processes are continued as it was described above.
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Fig. 9. The possible directions of motion (arrows) of the zone maximal concentration
of the pollution clouds in the surface area of the atmosphere in case of the background
west — (a), east — (b), south — (c) and north — (d) winds. The isolines (1-10) show the
height of the relief (m), the dashed ellipsoids show the area of initial location of
pollution clouds and thick lines show the shoreline of the Back, Azov, and Caspian seas.

A lot of numerical experiments made in case of various locations of the sources of pol-
lution and background wind fields allow us to construct the scheme of possible displacements
of pollutant clouds in the Caucasian Region (Fig. 9). Fig. 9 shows that the trajectory of dis-
placement of pollution cloud significantly depends on its initial location and the direction of
the background wind. The pollution predominantly moves along the flank of mountain ridge
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and tries to flow around an obstacle. The Likhi Ridge plays an important role in the process of
distribution of pollutant substance in cases of the background east and west winds. This ridge
prevents to distribution of pollution of the atmosphere from the western part of Georgia on
east part and vice versa. Therefore, only a small amount of pollutant substances can displace
over the Rikoti Pass and distribute along the gorge situated between Main and Minor Cauca-
sian ridges.

In whole, the numerical experiments show that the South Caucasus does not promote to
distribute the pollution emitted in the atmosphere near the Caucasus (dashed ellipsoids in Fig.
9) over its territory in the surface layer. In the middle troposphere the influence of relief on
the distribution of pollution is insignificant. There the pollution clouds are transferred by the
background motion.

4. Conclusions

Numerical investigation of the large-scale wind fields at the junction of three conti-

nents has been carried out for the first time: over the complex territories of the South- east
Europe, Asia Minor and Southwest Asia, Caucasus, Middle East and the water areas of the
Black, Caspian and Mediterranean seas. By the example of a traveling synoptic-scale (~6000
km) vortex wave generation and subsequent evolution of orographic vortices of the order of
1000 km are considered.
The mesoscale structures of hydrodynamic fields in the eastern coastal part of the Black Sea
and in the mountain area of the centre of Caucasus are modeled. On the mesoscale area (~100
km) of the generated medium- scale vortex flow in the vicinity of the western Black Sea
coast, hydrodynamic structure of the wind wave (~ with length 5-10 km) in the mountain area
are studied by the nested grids method. It is shown that the local relief, atmospheric hydro-
thermodynamics and air-proof tropopause facilitate the generation of f-mesoscale vortex in
the vicinity of the atmospheric boundary layer and tropopause and - mesoscale waves in the
middle troposphere.

Calculations showed the features of large- and mesoscale terrains influence on genera-
tion of the wind fields and vortex turbulence:

Large and high mountain ranges of the Caucasus, Minor and Southwest Asia facilitate
formation of medium-scale zones of wind speed divergence and vortex structures;

The main favorable territories for the generation of orographic vortices are the
neighborhoods of the Carpathian Mountains and the Black, Caspian and Mediterranean seas;

The orographic vortices are generated in the lower troposphere and their sizes can vary
from a few hundred kilometers to 1 thousand kilometers and higher;

Atmosphere tends to a smoother distribution of the large-scale meteorological fields
due to the orographic vortices;

Separate B-mesoscale vortices can generate against the background of the a-mesoscale
vortices in the atmospheric boundary layer in the vicinity of the sea land at the low values of
the vertical wind speed gradients;

The orography of the Caucasian region significantly influences on the distribution of a
pollution substance in the low troposphere. The directions of spreading of pollution sub-
stances depend on both a values of the backgdround wind speed and the height and shape of
the relief. The influence of the orography on trajectory of pollution clouds in the middle tro-
posphere is week. In the middle troposphere these trajectories are mainly determined by the
background flow.
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O Biausinum pesbeda KaBkaza Ha NPOCTPAHCTBEHHO-
BPEMEHHYI0 3BOJIIOLUI0 BUXPeil U IepeMeleHne
00J1aK0B 3arpsi3HeHNst B aTMocdepe

Anexcanape A. CypmaBa

Pe3rome

[IpoBeneHO 4YHMCIEHHOE MOJAEIMPOBAHUE M HW3YYEHHE JBWKEHUS BO3QyXa B
okpectHocTH KaBkasza u okpyskaromux ero teppuropuil FOro-socrounoit Osponsl, Manoi
Asum u bamxnaero Boctoka. MccnenoBansl epeMeIieHre BUXpsi CHHONTHYECKOTO MaciiTada
U TOCIIEYIOIas 3BOJIONUS BO3HHUKIIMX oOporpaduyeckux Buxpeid. M3yueHbl JTOKaTbHBIE
CTPYKTYDPBHI - Me3MacmTabHOTO BUXPSl B OKPECTHOCTH BOCTOYHOH OeperoBoit 30HsI UEpHOTO MOPS 1
BOJIH B Tporocdepe IeHTpalibHON JacTu 1oxHoro KaBkasa.

UHCIeHHO  WCCIIEAOBaHBl  paclpocTpaHeHne B arMocdepe KaBkaza  macCHBHOTO
3arpsI3HAIOIETO BEIECTBA, BBHIOPOIICHHOTO W3 TUIOTETHYECKUX HMCTOYHHKOB, HAXOMSAIINXCS Kak
BHYTPH, TaKk W B MpPUTPaHUYHBIX Tepputopmsix HOxHoro KaBkaza. YcCTaHOBICHBI OCHOBHBIC
TPaeKTOPUU PACTIPOCTPAHEHHUS 30H MAKCUMAaJIbHBIX KOHUEHTPALUM.

3583°Lool Ggeogxol aogegbol 3s5dm3genggs aMogsggdols
bogM 3930 s PAMTo ggmemy30sdbg s S@IMLygA™mdo

©53560bdYgMgdgao bogmog®gdols gog3M 398 gdols
AM59JB™@05bg

sengJbobp@yg o. Ly@dsgs
@9boydy

@0bmd®ogem Jmegmodgdbymo ©s dgbfogmomos  goggolools s dobo
d0dpgdodmg Lodb®gmn — s@dmbsgmgm gg@m3dol, 3oy s Tys sbools @g@o@m-

©090bg 5@IMbggOHgmo dog@oli Imd@smdols 35bmbbmdogmgdsbo. dgl§sgaroaos
Lobm3Gogyg®o dsLIEodol g@ops@yg®o  EGogmol gosswyomgdolsls Fomdmdm-
000 MAOMAAR0Yo  a-dgbmdslIGodol g@ogomgdol s dogo bwgol o@dm-
Lbogango  Lobsdo®@m  bmendo  [o@dmdmdbogro  -dgbmdsld@Godols  a@ogomols
930@9305>  ©s Ladb®gom goggolool 39b@®ogyg®o bofogol dJmopgm@osh Fg@o-
AM@05bg Jowgdygmo Jo@ols LogdEymo LEOYIGPOS.

@obmdMoge Jmegmmodgdbymos Ladb@gm 3oggolools s dol Lalobwgdm
>M9do  dEgdodg  303mmgB®o  [9ommgdowsb  SAImlggemdo  sdmxndJgggeo
3oboyg@o ©05d580bdy@ 9dgeno bogmog®gdols 235303920 9ds. 50 9b0g00s
0535606d9Mgdgano  bogmog®mgdol  doJlodsgnyy@o  3mbigb@MsiEogdol  bmbgdols
O30 g0l BASgJBHMA0gdo.

121



