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Abstract

Regional atmospheric wave motions are studied on the base of hydrothermodynamical
combined equations. So called modified equations are analyzed in quasi-geostrophic, qua-
siadiabatic approach taking into consideration relief and influence of B-effect. Using functions
of influence the proper solution is indicated and their functions are analyzed. On the base of
analyze of these functions, some facts about Transcaucasia, already known in the synoptic
practice are firstly approved theoretically, including the fact that almost no air masses are in-
truded in the Caucasus directly from the north. Besides, on the basis of the full system of hy-
drothermodinamical equations, wave motion is researched. In the result, the fact that atmos-
pheric processes on the Caucasus have the elongated nature along the parallel (the Caucasian
mountain range) was approved, wave relieves are spread from the west to the east. The theo-
retical opinion is expressed to explain why temperature is fallen in the East Georgia and
raised in West Georgia on the background of global warming. It is noted that the waves of so
called neutral type and stationary waves may be on Transcaucasia if some condition is ful-
filled between mountain characteristic parameters and the corresponding wave quantities. Pe-
riod of these waves was calculated and their existence is approved according to analyzing of
the photos of clouds received from the artificial satellite. The most of conclusions and results
are recommended in the weather forecast service of Georgia.

1. Introduction

Determining of the character of motions of masses, atmospheric air have the greatest
theoretical and practical importance for everyday activity of a society. All of this is related to
forecasting of weather —atmospheric processes with the new mathematic models, which are
based on using of systems of hydro-thermo-dynamical equations.

It is known that the main part of kinetic energy of atmospheric motion is accumulated in
the bottom layer, where the different meteorological derivatives - atmospheric fronts, cyclone
areas, occlusive events are developed, so, it’s reasonable to accept that wave disturbances are
mainly developed in this layer exactly. Besides, according to the height, atmosphere is strati-
fied with valley of density and temperature, which essentially influences on development of
wave processes, their vertical distribution. The mentioned influence is especially strong for
the mountain regions as Transcaucasia. Variety of physical relief of the Caucasus, proximity
to two seas — the Black and Caspian seas, plenty of the river gorges and the other geological
factors stipulate making and development of the different wave disturbances including the
orthographic ones. A number of properties of such waves as for barotropic as baroclinic envi-
ronment was studied by a lot of researchers [1-11]. The result of several practical values was
accepted and their role for further theoretical researches was estimated. The purpose of this
thesis is to research the influence of mountains’ massif on the wide-range atmospheric proc-
esses and reveal their regional singularities.
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2. Setting of problem

Fundamentals of beginning-development of the mentioned processes may be explained
using of system of hydrothermodynamic equations. Hydrothermodynamic equations in quasi-
geostrophic, quasi-static and adiabatic approach in the pressure related system have the fol-
lowing form [2, 5, 7- 9]:
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where ¢’ =R’T(y,—y)/g=aRT wherea=R(y,—y)/g=0.12 is parameter of
stratification, # and v are determiners of wind speed toward ox and oy coordinate axes;
T —absolute temperature; R — air universal constant; g — acceleration of gravity; ¢ — geopo-
tential; 7 —analog of vertical speed; y,— temperature adiabatic gradient; / —Coriolos parame-

ter.
Using of (1) and (2) equations, according to the standard rule, the equation like to Frid-

man equation will be received for wind speed vortex €Q_=0V /0x—0U /0y which has the
following form after simplification [5,10-12]:
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where D — plane divergence of speed, £ =dl/dy —Rossby parameter, analogous with
p -effect he influence of physical relief of earth should be taken into consideration with
bringing of the new parameter 17 = p_/ p, where p_ is pressure value on z height, through

the influence of this parameter, e.i. relief, wind is no more geostrophic and determiners of
speed may be written as following[5, 14]:

U= _La_(p; V= _ 190 (7)
In Oy In Ox

Consequently, Q _is expressed as following:

8mngg+8mngg

Ox Ox oy oy 2 ®)

Q. =Lag—(
n

From (7), (8) and (6), the equation is received, which is introduced as following for
barotropic atmosphere [5, 15, 17]:
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These parameters are characteristics of mountain influence accordingly along the paral-
lel and meridian of earth. After estimation of the line of elements, it was founded that in the

images of F, and F, the elements of relief influence /7' (7,¢) and advection (In)”'(4,Ad)
are key elements, here symbol (4, B) is Jacobian matrix. For solving of a sum, the relevant
initial is given, when ¢ =0, ¢ = ¢,(x,y) and boundary condition [5, 8-10]:

when & = oo(p — 0) solution is bounded ,
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where z(x,y)is relief reflecting equation, A, =E(§0,%) is heat advection, in such

circumstances, the sum may be generally solved only using of numerical quantities.
3. Private analytical solution of the sum and its results
a) If Laplace-Heaviside is used in the given (9) —(12) sums, toward ¢ variable, and to-

ward horizontal coordinates — transformation of Fourie [15, 17-20] , then solution of equation
(9) in (,0) polar coordinates, will be given as following [5, 7, 17]:
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where K is MakDonald function, Bessel function for imaginary argument [14,15], E)

is function value in ,,image* space.

For simple analyze, the main forecast equation is selected for barotropic atmosphere, in
baroclinic case, Makdonald function is replaced with the cylindrical function selected accord-
ing to boundary condition [5, 7, 16, 17].

Analyzing of the image showed that the solution for minor value of # — may be repre-
sented as the lines of negative power of ¢ parameter of Laplace. If using the known formula

of operative calculation [15, 22, 23, 29]:
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where I'(n) is the Euler function, the following will be received:
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Coefficients E include the combinations of Bessel and expotential functions in the quite
complex form, These so called influence or Green functions describe the simultaneous influ-
ence of mountains parameters and £ effect on the geopotential valley of atmosphere. The

relevant calculations were made as in barotropic as baroclinic models on the different height
of atmosphere for an hour of time # =1-3,6,12,24,48 . It was found that symmetry is abol-

ished toward central (forecast) point of function of influence which is caused by influence of
relief ( if in equations a=b= =0 , so, solution coincides with the result of Buleev-
Marchuk [7, 16]. For example, the graphics of influence function are given on drawings Figs.
1-3. Analyzing of these graphics enables us to conclude:

Qualitatively, on all levels of troposphere, 850 mb, 700 mb, 500 mb almost the same
picture is found, in particular, above the Caucasia mountain range, influence functions get the
minimal value toward the North (6 =7/2), and the maximum one toward the South and
South-west. In the synoptic practice, this fact was found for a long ago [24, 31, 34], but theo-
retically it is substantiated firstly;

By increasing of the horizontal spreading of mountain, their influence increases as well,
but the degree of influence depends on the direction of air flow toward the mountain range;

For the small period of time, influence of S -effect is not visible, but by increasing of
the period of time, the influence increases as well (compare the relevant drawings for hours
t=1,t=12,¢t=24). Fig. 1.

The form of the functions of influence of baroclinic atmosphere model (see. N 2, 3) ap-
proves the very important fact acknowledged in the synoptic practice, that the atmospheric
processes of Transcaucasia territory have the tendency of elongation along the parallel. In-
deed, almost 70% of air flow spread on Transcaucasia territory is the result of the West, East
invasions[34]. Air masses are not practically inflawed from the North. Theoretically, in every
15-20 invasions, only one may be from the North, this is reflected in the numerical value of
influence functions.

4. Research of wave motions on a mountainous territory

b) Let’s discuss (9) and (10) equations and search the solution for their analyze as the
plane wave of Marguless type [15, 19, 20, 23, 33]:

q):(oo +Nei(mx+ny—;(t) , (16)

where y is the phase frequency, m =2z /L, n=2x/L - wave quantities accordingly
— along the parallel and meridian, L and L -lengths of the appropriate wave, N —amplitude.

It is clear, by putting of (16) in (9) and (10) equations, the complex solution will be re-
ceived (as the equations include the members with derivatives of the odd and even power), the
clear dependence should be searched among the equation parameters, in order the imaginative
part of solution to be zero and the analyze should be held only for the real part.

We have already noted that estimation of line of each member of equations enables us to
leave only two summands in the right part of equation — conditioned by advection and moun-
tain’s massif influence. Thus, we have the following for equation (9):
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taking into consideration (17), the equation (9) will be rewritten as following:
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where p° =m” +n’ - phase speed will be complex value.
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This indicates to non-stability of solution — expotential increasing of amplitude. (if
a=b=0 then
¥ =—pm/ p*is speed of Rossby wave [13,20]). It is clear that:
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For the waves, which may be conditionally called the neutral one, y, will become zero,
when the following circumstance is met:

am+bn=0 ora/b=-m/n. (22)

Thus, the result is reached, which may be used in practice: If the circumstance (22) is
met, among the values characterizing of mountain inclination and wave quntities, two-
dimensional waves of neutral type may exist.

The necessary and enough circumstance for existing of stationary waves is the follow-
ing:

m L, Bk 1, B
n_a(b+l)0rLY a(b+l) (23)

According to comparison of (22) and (23), [ -effect is not revealed in the waves of

neutral type, but it is essential for stationary ones.

The following comes from the conditions (22) and (23) accepted among the key parame-
ters:

Ratio of the lengths of wave for the neutral and stationary waves in dependence of the
average inclination of mountain is are reciprocal to each other.

Ratio of the length of stationary wave along the parallel and meridian is inversely pro-
portional, strengthened with S effect, to inclination of mountain massif confirmed with me-

ridian direction to mountain’s inclination along the parallel.
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Thus, if condition (22) among the parameters characterizing wave quantities and moun-
tain inclination, then frequency is real and accordingly, neutral and stationary waves exist. For
revealing of [ effect we can compare the parameters of the Caucasia and rocky mountain
(USA), accept that for the Caucasia m =27l =27(1.5-10°)" =4-10° 1/m and as
b/a=10, n=0.1m.

As [ effect is minor on the Caucasia, the stationary waves on the Caucasia (Transcau-
casia) are pulled along the latitudinal circle (goes from the West to the East, the relevant wave
period y;' =1.3 day and night. For rocky mountain L_= 700 km, L, =3200km and the pe-
riod 7 =5 days and night. Above this massif, the waves are pulled along the meridian. The
waves of this period is found as on Trans-Caucasia as on the continent of America. [1, 21,
30].

For example, the satellite photos of clouds for the quite long time period were analyzed
(see Figs. 1-3), the nature of spreading of quasi-stationary waves is clearly expressed on the
photos.

Let’s us assume that m = n and calculate numerical value of C = y/m speed of spread-

ing of wave. It was found that C =(15.2+13.4i )m/sec. received value coincides with the

synoptic-Rossby wave speed. Thus it is substantiated, that the given approach assumes the
solution with method of the long waves. [16, 29].
c) Let’s represent the geopotential valley of atmosphere as the following:

i(mx+ny)

¢:¢0(x:y)+¢(x:y:t)=Where ¢0(x=y) :(0(') —ay-i—Ne

Now consider baroclinic atmosphere and accept that the right part of (10) equation is
represented as the following: [2, 5, 17]:

1 I* 0
F,=—- AQ)+ R——(&,4,). 24
77((ﬂ @)+ a§(§ ) (24)

In c

Search the solution of equation (10) taking into consideration zonal flow, which is im-
portant for Trans-Caucasian region [23, 26, 30]:

p=@,+V, + NEY e/ (25)

where V' =vt, v-is the degree of autobarotropism, which is to be determined for earth sur-

face (12) through the formula given in boundary condition.
Put (25) in (10) equation and (12) boundary condition, accordingly:

2

o’ —i;((am+bn)+ﬂm—l—277;gv(v+1)=Zﬂp2v—isz(v+l)
c n c .

Let’s accept that (25) condition am + bn = 0, is fulfilled, then for speed the following is
received:

c, :l=K_2L , (26)
m In p~—cv(v+])

According to formula (12), the following one is received:
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where ¢, =1’/ ¢”.

Using of (26) and (27), the following equation is received for v

2 2 2
T N
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[ b
By putting the numerical value, the following will be received from (28):
v =84, vi®=-94, v =33, v =-48.

As v, <—1, so, the second root should be neglected [19]. In given model, horizontal

waves of neutral type are rapidly disappeared by height, influenced by mountain massif. They
exist in the layers of relatively small thickness of atmosphere (hundred meter) with the great
horizontal spreading (see Figs. 1, 2). This fact approves the abovementioned discussion once
more, that atmospheric processes on Transcaucasia are spread along the parallel, the main
mountain range of Caucasia, and above the rocky mountains — along the meridian. Such mo-
tions meets to resistance from Surami - tableland mountain range during invasion of the East
and West on Caucasia. The influence of Surami mountain range causes rotary-twisted motions
toward torrent flow on the other side of mountain range. This circumstance increases humid-
ity in West Georgia, and in East Georgia in contrary — air masses becomes dryer. This point of
view may be one factor for substantiation that on the background of global heating, the tem-
perature in West Georgia is fallen, and in East Georgia is raised [24-27, 33, 35].

d) Let’s discuss the full system of equations of hydrothermodynamic of atmosphere in
so called o -system, related with pressure [25, 27, 31]. This system provides quite enough
foreseeing of influence of physical relief of earth.

It is known that

o=—L"Pr__ (29)
ps(x’y)_pT

where p (x,y)is a pressure on the earth surface, p,- on tropopause, let’s accept that p,= 0

(as always) and linearizing of the full system of hydrodynamic equations toward background
(gentle) condition [31], we will have the following equations

oUu Ogp dp

s e gy 7§
ot ox oo
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where K> =C?, C=+aRT.
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This system should be solved protecting the following initial and boundary conditions:

at z=0, U=U,(x,y,0);V =V,(x,y,0);0=0¢,(x,y,0);

2
ato 0, 22 o, (31)
oroo
O’ Op
ato=1l, o——ta—=¢(x,y).
P T ACRY

Research wave solution of system of these equations, let’s assume, that
U.r.ol={U,.V. 00" ™m0
By putting in (30), the following system of equations similar toward U, V,¢ [2]:

—iyU, +imep, +avg, =1V, =0,
—iyV, +ingp, +bvg, —1U, =0,
imU, +inV, +iK*v(v+1) yp, = 0.

It is necessary for non-trivial solution that [31]

iy—1 im+av
[—iy in+bv |=0.
mn K*v(v+1y)

Cubic equation for phase speed is received from this:
- Ky + D)+ y{KPv(v+1) = p* +iv(am + nb)} + bv(na — mb) = 0 (32)

In order (32) equation to have at least one real root, the following known condition
should be met:

am+bn =0 (33)

Taking into consideration of (33) condition, after receiving thatv = —0.12, [8] the equa-
tion for y should be rewritten as the following:

2 mz(a2+b2)]+ Im a2+b2_
K*v(v+1)b* K*(v+1) b°

3

X —xll+

(34)

The condition that this equation will have three roots will be rewritten as following:

2 2\2 2 2 273
( Im a +bj < 4[12+ m a +b}. (35)

K (v+l) B 27 Kiwvel) B

It becomes clear that there is limitation for existence of wave solution. (34) Equation
shows that it has only one real root. Putting of numerical values and calculation gives

Yug =—0.4-10" 1/sec, y,, =—0.2-10" 1/sec. which equalizes the periods of wave distur-
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bance, accordingly, 7,

» = 1.6 twenty-four hour and 7,,=3,1 twenty-four hour. Wave distur-
bances of such period are seen in almost everyday synoptic practice.
On the basis of made research, the following conclusions are made:

The extra terms describing the simultaneous influence of S -effect and huge mountain

massifs on atmosphere dynamic are foreseen in the equation systems of forecast hydrother-
modynamic of atmospheric processes.

The solution of the mentioned forecast equation on the basis of Carson-Heaviside and
Purie transformation of horizontal coordinates toward ¢ — parameter is accepted in the linear
approach.

For minor value of ¢— the solution is received in expanded form and the functions of
the proper influence (Green) are analyzed.

Non-geostrophisity of wind along the mountain massif causes the abolition of circle
symmetry of influence function, which is characteristic for these functions taking into consid-
eration neither influence of mountain nor f -effect.

It is shown that, when some relationship among the parameters of mountain influence
(average inclination toward parallel and meridian) and components of wave vector is fulfilled,
neutral and stationary waves may exist. According to satellite photos of clouds, such waves
are seen at the top of the Caucasia.

The fact found in synoptic practice that atmospheric processes on Trans-Caucasia are
moving along the parallel, and on rocky mountains — along the meridian was substantiated
theoretically.

Simultaneous influence of mountain massif and /[ -effect is stronger for those massifs,

stretched toward meridian (rocky mountains) then along the parallel of mountain massif.

On all levels of atmosphere (6 km height from the earth surface), the same picture is
seen. For baroclinic atmosphere, the functions of influence have the minimal value toward the
North, and toward the South and South-West — the maximal one. This certifies that atmos-
pheric masses on the Caucasia do not almost come from the north.




References

[1] Murry.L. Fundametals of atmospheric physics. Academic Press, New-York,
[2] Belov N. et al. u ap. Numerical Methods of Weather Forcast. L.: Gidrometeoizdat, 1989,
c. 375.
[3] Modeling of Atmosphere flown fields .World scientific Theoretical Physic.london. 1996,
pp. 755.
[4] Laykhtman D. L. Dynamic Meteorology. L.: Gidrometeoizdat, 1976 r. 500 pp.
[5] Khvedelidze Z. Dynamic Meteorology. Tbilisi: TSU, 2002, 535 p. (in Georgian)
[6] Principles of Dynamical Meteorology(ed.. Laykhtman D. L.). L.:Gidrometeoizdat,1955,
647 pp.
[7] Buleev N. 1., Marchuk G. I. Trudy FAO AN SSSR, 1958, N2, pp. 66-104.
[8] Khvedelidze Z. Izv. AN SSSR, FAO, 1982, N3, pp. 227-235.
[9] Khvedelidze Z.. Trudy GMNII SSSR, 1972, pp.87-94.
[10] Khvedelidze Z., Pavlenishvili N. A. Meteorologia i Gidrologia, 1996, N2, pp., 48-53.
[11] Kordzadze A.A., Demetrashvili D.I., Surmava A.A. About cirkulation in the Blak Sea at
very strong and weak winds. Meteorologia and Gidrologia, 2007, N9, pp. 58-64.
[12] Haltiner J., Martyn F. Dynamical and Physical Meteorology. M.: IL, 1980 , 435 pp.
[13] Dynamics of largescale atmospheric processes. (ed. Monin A. S.). M.: Nauka, 1966,
455 pp.
143



[14] Holton R.Dinamic Meteorology, Fourth, Washington Universitety, 2004, p 533.

[15] Khvedelidze Z. Trugy TSU, 1972, A4(146), pp. 109-120.

[16] Dobryshman E. M. Izv. AN SSSR, ser. Geofiz., 1961, N 2, pp. 294-305.

[17] Khvedelidze Z., Davitashvili T. Meteorologia 1 Gidrologia, 1978, pp. 36-42.

[18] Kibel I. A. Introduction to the Hydrodynamic Short-Range Forecast of Weather. M.:
Gidrometeoizdat. 1973, 368 pp.

[19] Musaelyan Sh. A. Obstacle Waves in Atmosphere. L.: Gidrometeoizdat,1962, 143 pp.

[20] Obukhov A. M. Izv. AN SSSR, FAO, 1971, N 7, pp. 695-704.

[21] Rossbi K. T. Modern Problems of Meteorology. In: Atmosphere and Ocean in Motion.

M.: IL
1984, 278 pp.

[22] Khvedelidze Z. Meteorologia i Gidrologia, 1982 , N10.

[23] Khvedelidze Z. Numerical Methods of Short-Range Forecast of Weather .Parts !-3. Tbi
lisi: TSU, 1978-81, 505 pp. (in Georgian)

[24] Khvedelidze Z.,. Khvedelidze R. On the influence of the relief on the geopotential in the
lower layers of the atmosphere. J. Georgian Geophys. Soc., 1996, N 1B, pp. 51-58.

[25] Khvedelize Z, Ramishvili N. Bulleton of the Georgian Akademy of Sciences, 1999, v.
159, N3, pp. 421-425.

[26] Khvedelidze Z., Danelia R., Shalamberidze T., Aplikovi R., Tagvadze E. Georgian Oil
and Gas., 2006, N 21. pp. 64-70. (in Georgian)

[27] Khvedelidze Z., Shalamberidze T., Tagvadze E. Ecologicalu systems and devices. 2008,
N 2, pp. 47-50.

[28] Davitashvili T., Khvedelidze Z.,.Khantadze A, Samkharadze I. Investigation of some
climate singularities on the territory of Georgia by Mathematical modeling. Proceed.
Hydrometeorol. Inst., 2008, N 115, pp. 7-18.

[29] Khvedelidze Z. Bulletin of Academy Sci. GSSR. 1965, pp. 75-80.

[30] Korn G. A., Korn T. M. Mathematical Handbook. M.: Nauka. 1978, 831.

[31] Khvedelidze Z. Doctoral Thesis. Moscow, HydroMet Centre of USSR, 1985, 245 pp.

[32] Marchuk G. I. Mathematical Modeling of Environmental Problems. M.: Nauka, 1982,

320 pp.

[33] Dorodnitsyn A. Trudy TsIP, 1940, vyp. 21(48), pp. 3-25.

[34] Napetvaridze E. L. Trudy TbiINIGMI, 1962, vyp.10, pp. 10-15.

[35] Kordzadze A., Gvelesiani A., Demetrashvili D., Kvarackhelia D. On the vortical motions
in different turbulent layers of the Black Sea. J. Georgian Geophys. Soc., 2008, v.12B,
pp. 17-35.

HccnenoBanrue permoHaIbHOr0 aTMOC(HEpHOTO BOJTHOBOTO
JIBUXKEHUS C YUETOM pebePHBIX 0COOCHHOCTEHN

3. XBeneanumse
Pesrome

B cratpe W3yYeHBbl PETHOHAJbHBIE aTMOC(EpPHBIE BOJHOBBIC JBI)KCHUS C
UCIIONIb30BAaHUEM  CHCTEMbl  YPaBHEHUH THIPO-TEPMOJMHAMHKH. [IpoaHamM3upOBaHbBI
BUJIOM3MEHEHHBIC YPOBHEHUS B KBa3HI€OCTPOPHUECKOM, ainabaTHUIecKOM MPUOIMKECHUHU C
yueroMm BiusHUsA P-3ddexra u penbeda. [lpuBenens HaileHHOE ¢ TOMOIIBIO (PYHKIIMIA
BJIIMAHUSI COOTBETCTBYIOIEE PEUICHWE M Pe3yJbTaThl MX aHaW3a. BriepBble TeOpeTHYECKH
HOJTBEPIKIAIOTCSI HECKOJIBHO HM3BECTHBIX B CUHONTHUYECKOW MpakTHKe 3aKkaBKa3bs (PaKkToB, B
YaCTHOCTH, IIOKa3aHO, YTO  BTOPKCHHWE BO3MYIIHBIX  MacC C CeBepa  IOYTH He
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ocymectBisiercs. C TOMOILIBIO TOJHOM CHCTEMBl YPaBHEHHUH THAPO-TEPMOTUHAMUKU
U3y4YeHbI BOJHOBBIC JIBIKEHUS C ydeToM BiMsAHUS penbeda. [lokazano, uro armochepHsie
npolecchl 3aKkaBKa3bsi HMMEIOT HalpaBJICHHBIN MONepek nmapamienu (XpeOToB 3aka3kasbs)
XapakTep, MpuuéM, TpeOHU BOJIH PacCIpOCTPAHSIOTCA C 3amaja Ha BOCTOK. BpIckazaHo
TEOpPEeTUYECKOe CoOoOpakeHUe A pasbsiCHeHUs (akra, moyemy Ha ¢oHe r100aIbHOrO
HOTEIJICHUST 3amajHylo [pys3uio XapakTepu3yeT IOXOJOIAaHUE, a BOCTOYHYIO MOTEIUICHHE.
bouto 3ameueHo, 4to B 3akaBKa3be MOTYT CYIECTBOBAaTh T.H. BOJIHBI HEHUTPAIBbHOTO U
CTAllMOHAPHOTO  THIIA, €CIM MEXKIy  IapaMeTpaMu,  XapaKTepe3yloUIMMH TOpBL, U
COOTBETCTBYIOIIMMH BOJHOBBIMU YHCIAMH BBICIIOJHSETCS OINpeNeeHHoe yclioBHue. bbul
BBICUMTAH TIEPHUOJl STHX BOJH, a MX CYIICCTBOBAaHME IOATBEPXKICHO AaHAJIM30M CHHMKOB
00JIaKOB C HCKYCCTBEHHOI'O CITyTHMKAa 3€MJIH. bBOJBIIMHCTBO TOJYYEHHBIX aBTOPOM
Pe3yIbTaTOB PEKOMEHIOBAHO JJIsl HCTIOJIB30BAHMUS B TPAKTUKE MTPOTHO3a TOTOBI [ 'py3um.
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