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ABSTRACT

Influence of the large-scale zonal flows and magnetic fields on the relative short-scale ULF electromagnetic
waves in the dissipative ionosphere in the presence of a smooth inhomogeneous zonal wind (shear flow) is
studied. A broad spectrum of Alfvenic-like electromagnetic fluctuations appears from electromagnetic drift
turbulence and evidence of the existence of magnetic fluctuations in the shear flow region is shown in the
experiments. In present work one possible theoretical explanation of the generation of electromagnetic
fluctuations in DW-ZF systems is given. For shear flows, the operators of the linear problem are non-
selfconjugate and therefore the eigenfunctions of the problem are non-normal. The non-normality results in
linear transient growth with bursts of the perturbations and the mode coupling, which causes the generation
of electromagnetic waves from the drift wave—shear flow system. We show that the transient growth
substantially exceeds the growth of the classical dissipative trapped-particle instability of the system.
Excitation of electromagnetic fluctuations in DW-ZF systems leads to the Attenuation-suppression of the
short-scale turbulence.

Key Words: ULF electromagnetic waves, short-scale turbulence

1. Introduction

In recent years, special attention has been paid to the study of the generation of large-scale spatial-
inhomogeneous (shear) zonal flows and magnetic field turbulence in the magnetized plasma medium in
laboratory devices, as well as in space conditions (Diamond et al., 2005). Such interest firstly is caused by
the fact that the excitement of the zonal flows and large-scale magnetic field can lead to noticeable
weakening of anomalous processes, stipulated by relatively small-scale turbulence and by passage to the
modes with improved property of adaptation to the equilibrium state (Diamond et al., 2005; Kamide and
Chian, 2007). Specifically, the experiments indicate that drift turbulence gives rise to a broadband spectrum
of electromagnetic waves, which is the subject of the present study. The zonal flow is different from
externally imposed shear flow in that the zonal flow is a self-organized turbulence driven phenomena. The
fluctuation data show a broad spectrum of electromagnetic waves in the presence of large scale zonal flows.
Alfvenic-like fluctuations appear from electromagnetic drift flow driven turbulence in experiments (Horton,
2005; 2009). Generation of broadband electromagnetic fluctuations in drift wave — zonal flow systems is a
significant phenomenon because electromagnetic fluctuations can modify the anomalous transport. In
addition, the characteristics of these fluctuations indirectly give information about the dynamics of this
system. The reported Alfvenic-like fluctuations occur at high shear rates. The fluctuations in flows with high
shear rates are strongly non-normal. The strong nonnormality results in linear transient growth with bursts of
the perturbations and mode coupling, which indicates the generation of the electromagnetic waves at
interaction of the drift waves with the large scale zonal flows.

However, many-year observations (Gekelman, 1999; Grzesiak, 2000; Guzdar et al, 2001) show that at
the atmospheric and ionospheric layers the spatially inhomogeneous shear flows permanently exist and are
produced by a nonuniform heating of the atmospheric layers by solar radiation. In this connection, it
becomes important to investigate the problem at the presence of inhomogeneous shear winds.
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The interest in shear flows exist, generally speaking, due to their occurrence both in the near-earth space
(as has been mentioned above) and astrophysical objects (galaxies, stars, jet outbursts, the world ocean and
so on) and in the laboratory and engineering equipment (oil and gas pipelines, plasma magnetic traps,
magnetodynamic generators and so on). A flow velocity shear is a powerful source of various energy-
consuming processes in a solid medium. Though these processes have been studied in the course of many
years, their theoretical interpretation is difficult even in terms of linear approximation. The canonical
(modal) investigation of linear wave processes (spectral expansion disturbances with respect to time
followed by analysis of the eigenvalues) in shear flows does not take into account a highly important
physical process, namely, the mutual transformation of wave modes (Chagelishvili et al, 1996; Gogoberidze
et al, 2004).

Nonmodal approach correctly describes transient exchange of energy between basic shear flow and
perturbations. The energy transfer channel is resonant by nature and leads to energy exchange between
different wave modes (chagelishvili et al, 1996; Gogoberidze et al, 2004). The mutual transformation of
different kinds of waves is studied numerically and analytically in (Aburjania et al, 2006; Aburjania, 2006)
in detail for the ULF electromagneic Rossby type waves. The mutual transformation occurs at small shear
rates if the dispersion curves of the wave branches have pieces nearby one another. Other possibility of
energy transfer channel is nonresonant vortex and wave mode characteristic times are significantly different
and nonsymmetric a vortex mode is able to generate a wave mode but not vice versa. This channel leads to
energy exchange between vortex and wave modes, as well as between different wave modes. We concentrate
on this channel of mode coupling because it is important at high shear rates.

2. Model Equations
We describe the dynamics of the drift Alfven waves by the following theoretical model —fluid equations
(Aburjania et al. 2006):

op OA
St S +V.A=0, 1
m(S‘L z Yoy @
d—: (A,9—-0.56A19)+V A A=0, 2)
4N _, do +V,AA=0. 3)
dt dy

Here the density perturbation, N, is normalized to the reference value of the background density value,
n, - N=In(n,/n), the electrostatic potential, @, to T, /e , the parallel component of the vector

potential, A, to (c/c,)(T,/e) ; c, isthe Alfven velocity. Time derivative d,/dt and space derivative
along the total magnetic field, V. , imply

‘;—t=§+v X))V, V”:%—eZ[VAxV]Z. (4)

In this model the ion and electron temperatures are assumed to be uniform (VT, ,VT;=0; T, > T;)
and the temperature gradients are neglected. The perturbations are considered to be quasi-neutral,
N, ~ N, =N.

Electric and magnetic fields are given as:

10A
E=-Vo-——=¢,, B, =[VA xe ], 5
(I) c 8t ez € [ z>< z] ()
B, B, at B0 1.
We got:

(;+V(x)—j(A Q+0A, N_EA (p)+ A A+A ¢+6A N-0.36D,A%p =0, (6)

(8+V(X)—JA+ g Sg (p—x%—@ 0. (7

ot oz oy oy oz
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0 0 OA A op . OA
—+V,(X)— [N+———y—L4+V —+A (p—N)=0. 8
(at o( )82) P X5 5 (e ) (8)

Here, @, A, N are perturbations of the scalar electrostatic potential, vector potential of the magnetic field

and the density, respectively.
Hereafter, we use nondimensional variables and physical quantities. Spatial scales are normalized to the

length scale of perturbations along the magnetic field L, ~1/k; and time is normalized to the Alfvén wave
time 7, ~1/kV, , shear flow is given as following:
Vo(2)=Vvy(2) e, =A-z-¢e,,

Xy =x-azt, y; =Yy, 1=t 9)
or
0.0 50 2.0 0_0 4 9 (10)
ot oty oX, OX OX, 0z 0z OXy
| P ~iP
T= oyl ; p=— P=>—aF—
g Po Po@gH

(xy,21) A
(x,2) :%; S:>CO—, Ky, = Ko Hi K, =k, (0)—K,Srt;
g
cYPBZ b GPB§’ .
Powg g pO(Og ,
We present the following perturbations in a linear approximation:

k?(1) = (k2 +kZ(1)); by =

(kxl’kyl’ ) ¢ (1) _ _ _
(k K ) _ Ak(’l:) ><e(lkxlx1+|kylzl+|y1) (11)

xp'ypr il
N (K Kyt )| LKD)

xprtyprtl
with
k,(t) =k, (0)-S-k, -t,
The wavenumbers of the SFH modes vary in time along the flow shear. In the linear approximation, SFH

“drift” in the K-space in wavenumber space.
For each Fourier harmonics we will have:

(1+%ki)a = —ioyk, 0 —ik, 1+ ok?),

%:—ikz¢+ixkyA+ikZN, (12)
ot

OoN ) oo

— =—iyk 0+ik kA

Pt yO+ik,

with k2 () =k (1) —k?,
This system of equations corresponds to spectrally stable DWs. In fact, low frequency DWs are subject
to the trapped-particle instability.
In the simulations below, the quadratic form of (spectral energy density) for a separate SFH as a measure
of its intensity is
E(t) =EA(1) +E4 (1) +E, () (13)
In the present analysis, this stretching physics is contained in the wave-number vector K time dependence

induced by the shear flow parameter S. The effect is relatively easy to understand: convection of the initial
structures stretches them in the direction of the sheared flow. This occurs for structures of all three fields:



vorticity, density, and magnetic flux. This time-dependent stretching induces a coupling between the three
fields.

3. Linear Spectrum of the perturbations
The dispersion equation of our system may be obtained in the shearless limit S=0 using the full Fourier
expansion of the variables, including time (Horton et al, 2009). Although the roots of the dispersion equation
obtained in the shearless limit do not adequately describe the mode behavior in the shear case, we use this
limit to understand the basic spectrum of the considered system. Hence, using Fourier expansion of the field
vector we derive for the shearless limit the cubic dispersion relation:

(1+%ki)m3 +(k, L+ % k%) —oyk,)o? + (K2 (L+ok?) —72ok? — kK3 (L+ % k?)o+ ”

- Xkykf (L+ok?)+ cxkykfki =0,
This third order dispersion equation describes three different modes of perturbations: two high frequency
kinetic Alfvén waves and a low frequency DW. Due to the nonzero electron skin depth scale the Alfvénic-

like fluctuations are dispersive with @ dependent on K, . This fact is very important for mode coupling
since K, is time dependent in nonuniform flow, which, in turn, makes @ also time dependent. The

dispersion equation is solved numerically for the parameters taking S=0 and the real parts of the dispersive
curves, respectively, are plotted in Fig. 1.The plots show that the magnitude of the frequencies of Alfvénic-

like fluctuations differ substantially from the DW frequency for all values of K, . Consequently, the
Alfvénic-like and DWs are linearly coupled solely by the nonresonant channel at sizeable shear flow rates.

x 10"

155

1F

0.5

)] P

-0.5

"o 8 6 4 02 0 2 4 6 8 10
kx

Fig. 1. Dispersion Curves.

Figure 1 shows that maximum values of frequency for the least stable DW mode are achieved at
Ky /K; ~1. Thus, and the trapped-particle instability has no significant influence on the dynamical

phenomena.
According to Eq. 14 in the shearless limit, when the axial vector potential is comparable to the

electrostatic potential i.e., at Ky / K; >>1, DWs have a small electromagnetic component that arises from
the parallel plasma current. However, as Ky / K, Ry—0, DWs become electrostatic. As to the other two

modes, they are Alfvénic-like with high frequency and have dominant magnetic fluctuations for all Ky .
Next we will analyze the coupling of the DW mode with these Alfvénic-like modes.

4. TRANSIENT GROWTH AND MODE COUPLING
Spectral Fourier harmonics dynamics are studied by numerically solving the three complex time
evolution equations 8, 9, and 10. Separation of the fields into the real and imaginary parts is made in the
following way (Aburjania et al, 2006):
O = +19,, A=A +IA,, N, =N;+IiN,, (15)
For each Fourier harmonics we will have:



L+ 21 22 =gk, o ik, (04 o), (16)

oA . . .

e =—ik, ¢ +ixk, A+ik,N, ()
ON . .
= 1k +ik,k2A (18)

Equations 16-18, together with the appropriate initial values, pose the initial value problem describing
the dynamics of a perturbation SFH. The character of the dynamics depends on which mode SFH is initially
imposed in the equations: pure DW SFH, one of the Alfvénic wave SFH or, or a mixture of these wave
SFHs. Let us concentrate on the linear dynamics when we initially insert in Eqgs. 16-18 a SFH nearly

corresponding to a DW perturbation with wavenumbers satisfying the condition Ky (0)/K, >>1. The

numerical simulations are performed using the MATLAB numerical ordinary differential equation solver.
Note that the action of the flow shear on the dynamics of DW SFH at wavenumbers Ky (0)/ K, >>1is

negligible.

~ 10" ~ 10°
i <
L g =
B 10 z 10
8 8
g 4o* S 40"
0 5 10 15 20 0 5 10 15 20
t t
5 5
10 ~ 10
— ™
% 10 7 10"
8 cl
g 8 4g®
0 5 10 15 20 0 5 10 15 20
t 1
5 5
10 = 10
z i
Z 10° 2 10°
8 8
(@] ~ [@)] i
2 19° S 40°
0 5 10 15 20 0 5 10 15 20

Fig. 2. The evolution of a single SFH

The simulations reveal a novel linear effect - the excitation of Alfvénic-like fluctuations - that
accompanies the linear evolution of DW mode perturbations in the ZF. Mathematically, the problem is
equivalent to time-dependent scattering theory in quantum mechanics. By using a 3x3 matrix representation
of the system, formal solutions can be written in terms of the time ordering operator and exponentials of
matrices.

The evolution of the initial DW SFH according to the dynamic equations (12) for the ionospheric

parameters is presented in Fig. 2. Recall that Ky changes in time according to Eq. 14: the shear flow

sweeps Ky to low values and then back to high values but with negative Ky / K, . While Ky / K; >>1,

the DW SFH undergoes substantial transient growth without any oscillations and the magnetic fluctuations
are small. Significant magnetic field fluctuations appear when Ky /K7 =1. While Ky /K, =1<0, the

DW SFH generates the related SFH of Alfvénic-like wave modes through the second channel of the mode
coupling. This generation of Alfvénic-like wave modes is especially prominent, where significantly higher

frequency oscillations of all the fields are clearly seen at times when Ky /K, =1<0. A substantial
7



transient burst of the electron thermal energy, electron density of fluctuations is evident and an appearance of
Alfvénic like fluctuations.

i I

12

10

6 |
4 /
: J N

24 26 28 30 32 34 36 38 40

t
Fig. 3. The evolution of total energies of perturbation SFH

Figure 3 shows the related dynamics of the different energies. It indicates a substantial transient burst of the
electron thermal energy of fluctuations and an appearance of Alfvénic like fluctuations.

4. CONCLUSIONS AND DISCUSSION

Drift-Alfvén waves are investigated in plasma with a significant level of background sheared flow.
Magnetically confined plasmas in laboratory experiments, space physics, and coronal loops are examples
where sheared flows occur.

We show that the linear dynamics of DWs are qualitatively changed by the presence of sheared flows
when the shear normalized parameter S approaches unity and, consequently, there is strong excitation of
magnetic fluctuations by the drift wave—shear flow system. The shear flow induces transient growth/bursts
along with complex temporal wave forms and generates Alfvénic-like fluctuations from DWs. We show that
the trapped-particle or any classical DW instability is far slower than these transient bursts and has no
notable influence on the dynamic processes for the ionospheric parameter values. The frequency of the bursts
is determined by the frequency of the generated Alfvénic-like waves Fig. 1. The frequency of the bursts
depends only on the value of velocity shear parameter.

The complex linear dynamics are a result of the shear flow continually sweeping the wavenumber of the

DW SFH Ky to low values and then back to high values. In this time-dependent sweeping of Ky , the DW

SFH undergoes substantial transient growth and, when Ky /K7 <0, it generates the related SFH of

Alfvénic-like wave modes illustrated in Fig. 2. The linear mode coupling channel universally leads to energy
exchange between different perturbation modes at high shear rates. Flow non-normality induced mode
coupling is related to the abrupt changes in magnetic turbulence during L-H transitions.

The energy evolution is easily produced by integrating the linear system of coupled field equations (see
fig. 3). For sufficiently low values of the shear flow, the coupling becomes weak and the usual Doppler-
shifted, well-separated modes of the linear system are recovered.

In space physics the effect is associated with sheared Earthward flows in the nightside plasma sheet that
are driven by enhanced solar winds with southward embedded solar magnetic field components. Spacecraft
in the plasma sheet measure high speed sheared flows driven by the convection electric field. Enhanced
magnetic fluctuations associated with these flows are also observed. It remains to make a quantitative
analysis of the magnetospheric problem. Finally, note that nonlinear simulations showing the growth of
vortex structures out of the linear transients. Further nonlinear studies are being planned for the laboratory
and space physics settings of this qualitatively new phenomenon.
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Bansinve KpynmHOMAaCIITAOHBIX 30HAJBbHBIX TEYEHNI HA
CPABHUTEJIBHO MEJKOMACIITAOHBIX YJIbTPa HU3K0YACTOTHBIX (YHY)
3JIEKTPOMATHUTHBIX BOJIH B MOHOC]epe B IPUCYTCTBUH
HEOJHOPO/IHbIX 30HAJIbHbIX BETPOB

X.Yapraszua

Pe3rome

Uzyuena BimsHUE KPYyNMHOMACHITAOHBIX 30HAILHOTO TEYCHUS M MArHUTHOTO IOJISI Ha CPAaBHUTEIHHO
MEJIKOMACIITA0HOTO yIbTpa HHU3KOYACTOTHBIX (YHY) 5SneKTpoMarHWTHBIX BOJH B JAHCCHIIATHBHON
noHoc(epe B MPUCYTCTBUH HEOAHOPOIHBIX 30HAJIBHBIX BETPOB. B 3KCIepHMEHTax IOKa3aHa IOSBICHUE
IIUPOKOTO CHEKTpa AJIbBEHOBCKUX (IIIOKTYyallMd OT JJIEKTPOMArHUTHON Ipei(oBoil TypOYJIEHTHOCTH H
BO3MOXXHOCTb MAarHUTHBIX (DJIFOKTyalluid B CIBHTOBBIX TEUYECHHUsX. B 1aHHOW paboTe ommcaHa ojHa
TEopeTHYecKas BO3MOXKHOCTh T'eHEepaluy 3JIeKTpoMarHuTHhIX Guroktyaunu B 3T (3oHanbHOE Teuenue) — JIB
(npeiidoBas BoHa) cucteMe. [Ipy CIBUTOBBIX TEUSHHUAX ONEPATOPHI TMHEHHBIX 3ajlau HE SIBJISIOTCS B3aiiMHO
COMPSKEHHBIMU M B CIIICTBHH, COOTBETCTBYIOIINE COOCTBEHHBIE (DYHKIIUH HE SIBJSIFOTCS OPTOTOHATIBHBIM.
HeopToroHanbHOCTh BBI3MBAET JMHEHHBIA TPaH3UEHTHBIA POCT BO3MYLIEHUH C IMyYyKaMd U B3alMHYIO
TpaHCc(HOPMALIMIO BOJTHOBBIX MOJI, YTO IIPUBOAUT K I€HEPALIMIO AIIEKTPOMAarHuTHBIX BoJH B 3T— JIB cucteme.
IToxa3aHo, 4TO TpaH3UEHTHBI POCT BOJHOBBIX BO3MYIIEHHUH CYIIECTBEHHO NPEBOCXOJUT KJIACCUYECKUMI
JUCCHUITATUBHBIH POCT HEYCTOMYMBOCTH 3aXBAaYEHHBIX YaCTHUI] CHCTEMBI. M3mydeHHe 3IIeKTpOMarHUTHBIX
¢mokryaunii B 3T— JIB cucteMe NpUBOAMT K 3aTyXaHHUIO MEJIKOMAcIITaOHOH TypOyJIeHTHOCTH.
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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. 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
a)

N AN

[N

0.1
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0.001
0.0001

Fig. 10. Dust concentration at heights z= 2, 10, 100 and 600 m when t = Oh.

20



N AN

[N

10 20 30 40 50 60 70 80 90 100110 10 20 30 40 50 60 70 80 90 100110 o

0.05
0.01
0.001
0.0001

10 20 30 40 50 60 70 80 90

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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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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ABSTRACT

Here is presented the data of statistical analysis of the monthly average values of the air temperature in the
atmosphere above the territory of Kakheti at 19 levels in the range of heights from 0.54 to 27 km for the
period from 2012 through 2016.

Key words: aerological sounding of atmosphere, air temperature vertical distribution.
Introduction

Information about the vertical distribution of the air temperature in atmosphere has great value for
the solution of different problems of meteorology and climatology. In particular - forecast of the dangerous
meteorological phenomena (thunderstorm, hail, snow-storm, etc.) [1,2], determination of different
microphysical characteristics of clouds according to the data of radar measurements [2-6], weather
modification of [2, 7-11], estimation of climate change [12-14], etc.

In the past century in Soviet Georgia the regular aerological sounding of the atmosphere in Thilisi,
Sukhumi and Batumi were carried out [15-17]. In the years with the work of anti-hail service in Kakheti the
aerological sounding of the atmosphere in the village of Ruispiri in the Telavi municipality was carried out
also [3,7,18]. The aerological sounding of atmosphere is not conducted since 1991 in Georgia.

The necessity of regular obtaining of information about the vertical distribution of meteorological
elements in the atmosphere arose after the restoration of anti-hail works in Georgia [19-22].These works
were begun in 2015 [23] with use data of https://www.ready.noaa.gov/READYcmet.php. Subsequently it
was studied above Kakheti Territory (Georgia) the vertical distribution of the average monthly values of air
temperature in 2012-2016 during January, April, July and October in the range of heights from 0.543 to 27
km above sea level [24], they were studied the statistical characteristics of monthly and ten-days average
values of freezing level in the atmosphere and hourly values of the height of isotherm -6°C in the atmosphere
from April to October [25,26].

Material and methods

For investigating the thermal regime in the free atmosphere above the territory of Kakheti the resources
of http://ready.arl.noaa.gov/READY cmet.phpand https://rp5.ru/Weather_in_Georgia were used.

Here is carried out the statistical analysis of hourly (04, 10, 16 and 22 hours on the Thilisi time) air
temperature at the 19 heights about Kakheti territory from January through December 2012-2016. The total
guantity of data composes is 138852. As the informational unit the values of average air temperature in the
twenty-four hours are used, averaged in five years.
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The analysis of data with the use of the standard statistical analysis methods is carried out [27]. The
following designations will be used below: Min — minimal values, Max - maximal values, Range -
variational scope, St Dev - standard deviation, om — standard error, 95%(+/-) - 95% of confidence interval,
mb —millibars, diurnal value — average value for 4, 10, 16 and 22 hours.

Fig. 1.Example of the vertical distribution of diurnal average values of air temperature above Kakheti
territory in January 2012-2016

Fig.2. Example of the vertical distribution of diurnal average values of air temperature above Kakheti
territory in April 2012-2016
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Fig.3. Example of the vertical distribution of diurnal average values of air temperature above Kakheti
territory in July 2012-2016

Fig.4. Example of the vertical distribution of diurnal average values of air temperature above Kakheti
territory in October 2012-2016

Fig. 1 - 4, as an example, 2D pictures of the vertical diurnal average distribution values of air
temperature above Kakheti territory in January, April, July and October 2012-2016are demonstrated.

The statistical data about the monthly average values of the air temperature are represented below
above the investigated region.
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Results and discussion

The results of studies are presented in tables 1-12 and figures 5-19.
There is represented the statistical structure the monthly average values of the air temperature of the
vertical distribution above the territory of Kakheti from January through December 2012-2016 in tables 1-
12 and in Fig. 5-16.

Table 1

Statistical characteristics of the five years mean of diurnal air temperature values on the different heights

above Kakheti during January

Km Mean Min Max Range St Dev Om 95% (+/-)
0.543 2.5 -14.5 15.7 30.2 4.30 0.17 0.34
1.478 -2.5 -13.4 6.9 20.3 3.36 0.13 0.26
1.957 -4.5 -16.4 3.9 20.3 3.47 0.14 0.27
2.463 -6.6 -18.9 0.8 19.7 3.55 0.14 0.28
3.000 -9.1 -21.8 -2.3 19.5 3.63 0.15 0.29
3.570 -12.3 -25.7 -5.5 20.2 3.73 0.15 0.29
4177 -16.0 -30.4 -9.0 214 3.83 0.15 0.30
4.827 -20.2 -35.5 -12.7 22.8 3.89 0.16 0.31
5.526 -25.2 -40.8 -17.4 23.4 3.90 0.16 0.31
6.282 -31.0 -45.0 -23.0 22.0 3.87 0.16 0.30
7.106 -37.4 -A47.7 -27.5 20.2 3.74 0.15 0.29
8.013 -44.6 -54.8 -33.5 21.3 3.40 0.14 0.27
9.028 -51.7 -58.9 -41.8 17.1 2.74 0.11 0.22
10.194 -57.1 -64.6 -47.0 17.6 3.21 0.13 0.25
11.600 -57.9 -69.7 -44.5 25.2 4.85 0.19 0.38
13.421 -56.7 -68.3 -45.5 22.8 3.53 0.14 0.28
15.981 -58.9 -66.4 -49.8 16.6 2.77 0.11 0.22
20.298 -60.8 -70.6 -46.4 24.2 4.14 0.17 0.33
26.003 -57.5 -75.9 -38.5 374 7.14 0.29 0.57

=—f—Vlean Min
40.0
20.0
0.0
50020 10.0 15.0 20.0
&
-40.0
-60.0 *—o S —
-80.0
-100.0
KM

Fig.5.Vertical distribution of mean monthly, maximum and minimum air temperature over territory of

Kakheti in January

As it follows from Table 1 and Fig.5, during January the average monthly air temperature (T)
approximately linearly decreases with 2.5 °C (amplitude of hours values from -14.5 °C to 15.7 °C) on the
earth's surface to -57.1 °C (Range: -64.6+-47.0 °C) at the height of 10.2 km (lower boundary of tropopause),
then little change to the height of 26 km (T = -57.5 °C, the range: -75.9+ 38.5 °C). Limits of a change of the
values T in the layer 11.6 - 26.0 km: from -60.8 °C (height of 20.3 km) to -56.7 °C (height of 13.4 km). The
greatest variations are observed in the air temperature on the earth's surface, and also at heights 11.6 and 26.0
km (Range > 25.0 °C).



Table 2
Statistical characteristics of the five years mean of diurnal air temperature values on the different heights
above Kakheti during February

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 3.5 -13.5 18.5 32.0 5.06 0.21 0.42
1.488 -1.4 -16.5 8.3 24.8 4.64 0.20 0.38
1.969 -3.6 -17.5 6.0 23.5 4.44 0.19 0.37
2477 -5.7 -19.0 3.9 22.9 4.33 0.18 0.36
3.015 -8.1 -19.4 1.6 21.0 4.25 0.18 0.35
3.589 -11.2 -22.0 -1.6 20.4 4.16 0.18 0.34
4.200 -14.8 -24.7 -5.2 19.5 4.10 0.17 0.34
4.852 -19.2 -29.0 -9.9 19.1 4.04 0.17 0.33
5.554 -24.2 -34.2 -15.5 18.7 3.98 0.17 0.33
6.313 -30.0 -40.1 -21.5 18.6 3.97 0.17 0.33
7.140 -36.6 -45.7 -27.5 18.2 4.00 0.17 0.33
8.050 -43.9 -53.3 -35.4 17.9 3.96 0.17 0.33
9.067 -51.3 -58.9 -43.3 15.6 3.43 0.14 0.28
10.235 -56.6 -65.6 -49.1 16.5 2.62 0.11 0.22
11.644 -57.2 -67.2 -48.6 18.6 4.10 0.17 0.34
13.468 -56.4 -69.9 -49.3 20.6 3.66 0.15 0.30
16.024 -59.4 -67.5 -53.8 13.7 2.76 0.12 0.23
20.332 -61.1 -69.5 -53.3 16.2 2.77 0.12 0.23
26.064 -56.4 -69.5 -44.7 24.8 4.24 0.18 0.35
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Fig.6. Monthly vertical distribution, maximum and minimum air temperature over territory of Kakheti in
February.

During February (Table 2 and Fig. 6) the average monthly air temperature approximately linearly
diminishes with 3.5 °C (maximum range of hours values from -13.5 °C to 18.5 °C) on the earth's surface to -
56.6 °C (Range: -65.6— -49.1 °C) at the height of 10.2 km (lower boundary of tropopause), then
insignificantly change to an altitude 26 km (T = -56.4 °C, Range: -69.5 — -44.7 °C). Limits of a change of
the values T in the layer 11.6 - 26.0 km: from -61.1 °C (height of 20.3 km) to -56.4 °C (height 13.5 and 26.6
km). The greatest variations are observed in the air temperature on the earth's surface, and also at heights 1.5
and 26.0 km (Range >24.0 °C).
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Table 3

Statistical characteristics of the five years mean of diurnal air temperature values on the different heights
above Kakheti during March

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 7.3 -3.4 22.6 26.0 4.55 0.18 0.36
1.474 0.7 -11.0 12.7 23.7 4.27 0.17 0.34
1.958 -2.1 -14.4 8.5 22.9 4.27 0.17 0.34
2.469 -4.6 -17.9 6.0 23.9 4.40 0.18 0.35
3.009 -1.4 -21.3 3.8 25.1 4.53 0.18 0.36
3.583 -10.7 -24.4 0.8 25.2 4.57 0.18 0.36
4.195 -14.4 -28.8 -3.3 25.5 4.50 0.18 0.35
4.849 -18.6 -33.7 -8.3 254 4.36 0.18 0.34
5.553 -23.5 -37.1 -13.0 24.1 4.22 0.17 0.33
6.315 -29.1 -41.1 -18.1 23.0 4.10 0.16 0.32
7.146 -35.7 -46.6 -24.2 224 3.98 0.16 0.31
8.060 -42.9 -52.4 -31.7 20.7 3.72 0.15 0.29
9.082 -50.2 -58.0 -41.1 16.9 291 0.12 0.23
10.257 -55.6 -61.5 -45.6 15.9 3.05 0.12 0.24
11.672 -56.6 -69.1 -44.7 24.4 5.12 0.21 0.40
13.504 -55.7 -71.4 -47.6 23.8 3.83 0.15 0.30
16.075 -58.4 -67.4 -48.9 18.5 2.56 0.10 0.20
20.411 -60.1 -67.7 -51.7 16.0 2.88 0.12 0.23
26.147 -55.8 -70.4 -39.7 30.7 4.93 0.20 0.39
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Fig.7. Monthly vertical distribution, maximum and minimum air temperature over territory of Kakheti in

March

During March (Table 3 and Fig. 7) the value T linearly diminishes with 7.3 °C (maximum range of
hours values from -3.4 °C to 22.6 °C) at the level of meteorological station to -55.6 °C (range: -61.5— -45.6
°C) at the height of 10.3 km (lower boundary of tropopause), then as during January and February, little
change to the height of 26 km (T = -55.8 °C, the range: -70.4— -39.7 °C). Limits of a change of the values
T in the layer 11.7 - 26.0 km: from -60.1 °C (height of 20.4 km) to -55.7 °C (height of 13.5 km). The
greatest variations are observed in the temperature of air on the earth's surface, in the layer of heights from
3.0 to 4.85 km, and also at the height of 26.0 km (Range > 25.0 °C).
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Table 4

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during April

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 12.9 -0.9 27.6 28.5 5.15 0.21 0.41
1.486 6.7 -5.3 17.5 22.8 4.25 0.17 0.34
1.981 3.6 -7.9 12.7 20.6 4.02 0.16 0.32
2.502 0.7 -10.6 9.3 19.9 3.79 0.15 0.30
3.054 -2.4 -14.1 5.7 19.8 3.59 0.15 0.29
3.638 -6.0 -17.8 1.9 19.7 3.39 0.14 0.27
4.260 -10.0 -22.0 -3.0 19.0 3.19 0.13 0.26
4.925 -14.4 -26.1 -7.6 18.5 3.06 0.12 0.24
5.641 -19.4 -30.9 -12.2 18.7 2.98 0.12 0.24
6.415 -25.2 -35.9 -17.6 18.3 2.94 0.12 0.24
7.258 -31.8 -41.8 -24.4 17.4 2.89 0.12 0.23
8.187 -39.2 -46.7 -32.3 14.4 2.77 0.11 0.22
9.224 -47.3 -53.8 -41.0 12.8 2.43 0.10 0.19
10.408 -54.6 -59.8 -44.6 15.2 2.42 0.10 0.19
11.823 -56.9 -65.3 -45.1 20.2 4.06 0.17 0.33
13.652 -55.5 -64.1 -47.8 16.3 2.65 0.11 0.21
16.219 -58.3 -65.0 -52.0 13.0 2.25 0.09 0.18
20.553 -59.4 -64.1 -51.2 12.9 2.14 0.09 0.17
26.347 -53.8 -62.9 -43.9 19.0 2.85 0.12 0.23
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Fig.8. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in April

During April (Table 4 and Fig. 8) the average monthly temperature of air linearly diminishes with
12.9 °C (maximum amplitude of hours values from -0.9 °C to 27.6 °C) at the level of meteorological station
to -54.6 °C (range: -59.8 —-44.6 °C) at the height of 10.4 km (lower boundary of tropopause), then as in the
foregoing months, insignificantly change to an altitude 26.3 km (T = -53.8 °C, the range: -62.9 —-43.9 °C).
Limits of a change of the values T in the layer 11.8 - 26.3 km: from -59.4 °C (height of 20.6 km) to -53.8 °C
(height of 26.3 km). The greatest variations are observed in the temperature of air on the earth's surface and
at heights 1.5 and 2.0 km (Range > 20.0 °C). It should be noted that in comparison with the foregoing
months, during April is somewhat more greatly expressed the tendency of an increase in the temperature at
the height of approximately 26.0 km.
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Table 5

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during May

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 17.7 4.8 30.4 25.6 4.15 0.17 0.33
1.494 114 -8.7 27.0 35.7 4.55 0.18 0.36
1.998 7.9 -11.9 21.9 33.8 4.25 0.17 0.33
2.527 4.7 -15.9 17.1 33.0 4.02 0.16 0.32
3.087 14 -20.0 13.7 33.7 3.93 0.16 0.31
3.680 -2.3 -24.2 9.6 33.8 3.81 0.15 0.30
4311 -6.4 -28.8 4.1 32.9 3.64 0.15 0.29
4.986 -10.8 -32.2 -1.8 30.4 3.48 0.14 0.27
5.711 -15.7 -35.8 -7.4 28.4 3.39 0.14 0.27
6.497 -214 -41.1 -13.2 27.9 3.39 0.14 0.27
7.354 -27.9 -46.6 -19.2 27.4 3.44 0.14 0.27
8.298 -35.4 -51.7 -25.0 26.7 3.37 0.14 0.27
9.352 -43.9 -54.2 -31.3 22.9 3.01 0.12 0.24
10.552 -52.0 -59.3 -36.9 224 2.82 0.11 0.22
11.981 -55.2 -63.3 -44.6 18.7 4.13 0.17 0.33
13.822 -54.3 -63.5 -47.3 16.2 2.88 0.12 0.23
16.396 -58.5 -66.6 -53.6 13.0 2.09 0.08 0.16
20.721 -59.5 -63.6 -56.4 7.2 1.31 0.05 0.10
26.549 -51.0 -56.7 -45.4 11.3 2.02 0.08 0.16
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Fig.9. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in May

During May (Table 5 and Fig. 9) the value T linearly diminishes with 17.7 °C (maximum amplitude
of hours values from 4.8 °C to 30.4 °C) at the level of meteorological station to -52.0 °C (range: -59.3— -
36.9 °C) at the height of 10.6 km, then very considerably it does not change to the height of 26.6 km (T = -
51.0 °C, the range: -56.7— -45.4 °C). Limits of a change of the values T in the layer 12.0 - 26.5 km: from -
59.5 °C (height of 20.7 km) to -51.0 °C (height of 26.5 km). The greatest variations are observed in the
temperature of air in the layer of heights from 1.5 to 4.3 km (Range >30.0 °C). Lower boundary of
tropopause - 12.0 km. During May the tendency of an increase in the air temperature at the height of more
than 26.0 km is more expressed than during April.
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Table 6

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during June

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 21.7 11.3 33.6 22.3 4.56 0.19 0.37
1.498 16.0 6.8 23.9 17.1 3.28 0.13 0.26
2.009 12.3 4.6 19.2 14.6 2.94 0.12 0.24
2.547 8.8 1.3 154 14.1 2.67 0.11 0.21
3.115 5.5 -2.0 11.7 13.7 2.52 0.10 0.20
3.717 1.7 -5.3 7.3 12.6 243 0.10 0.19
4.358 -2.4 -9.3 3.1 12.4 2.32 0.09 0.19
5.042 -6.9 -13.2 -1.5 11.7 2.22 0.09 0.18
5.779 -11.9 -18.2 -6.2 12.0 2.22 0.09 0.18
6.577 -17.4 -23.1 -10.4 12.7 2.29 0.09 0.18
7.448 -23.7 -29.4 -13.8 15.6 2.56 0.10 0.20
8.409 -30.8 -37.5 -18.2 19.3 3.04 0.12 0.24
9.485 -38.4 -45.5 -25.2 20.3 4.08 0.17 0.33
10.719 -44.9 -53.8 -32.5 21.3 5.33 0.22 0.43
12.197 -48.5 -61.0 -39.8 21.2 4.52 0.18 0.36
14.069 -53.6 -59.9 -48.3 11.6 2.48 0.10 0.20
16.622 -61.7 -70.6 -55.3 15.3 3.35 0.14 0.27
20.908 -59.0 -62.9 -54.2 8.7 1.55 0.06 0.12
26.790 -48.3 -50.8 -45.3 55 1.07 0.04 0.09

=—&— Mean Min Max
40.0
20.0

0.0
30.0

P -20.0

-40.0

-60.0

-80.0

KM

Fig.10. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in June

During June (Table 6 and Fig. 10) the average monthly temperature of air linearly diminishes with
21.7 °C (maximum amplitude of hours values from 11.3 °C to 33.6 °C) on the earth's surface to -44.9 °C
(range: -53.8 — -32.5 °C) at the height of 10.7 km then, with the smaller gradient, the linear decrease of the
temperature of air continues in the layer from 12.2 km (T = -48 °C, the range: -61.0 — -39.8 °C) to 16.6 km
(lower boundary of tropopause, T=-61.7 °C, the range: -70.6 — -55.3 °C). After this, the temperature of air
grows to -48.3 °C (range: -50.8 —-45.3 °C) at the height of 26.7 km. The greatest variations are observed in
the air temperature on the earth's surface in the layer of heights from 9.5 to 12.2 km (Range > 20.0 °C).
During June the tendency of an increase in the temperature at the height of more than 26.0 km is more
expressed than during April and May.
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Table 7

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during July

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 23.5 13.0 35.8 22.8 4.20 0.17 0.33
1.497 17.7 9.2 26.9 17.7 3.00 0.12 0.24
2.012 13.9 5.9 21.9 16.0 2.63 0.11 0.21
2.553 10.5 3.3 17.0 13.7 2.39 0.10 0.19
3.125 7.6 0.9 13.3 12.4 2.38 0.10 0.19
3.733 4.3 -3.3 9.6 12.9 2.34 0.09 0.18
4.380 0.4 -7.2 5.7 12.9 2.20 0.09 0.17
5.073 -4.0 -11.7 0.9 12.6 2.08 0.08 0.16
5.818 -8.7 -16.7 -4.0 12.7 2.09 0.08 0.16
6.626 -13.9 -22.3 -7.4 14.9 2.30 0.09 0.18
7.510 -19.5 -29.1 -11.7 17.4 2.84 0.11 0.22
8.490 -25.6 -36.6 -17.3 19.3 3.63 0.15 0.29
9.591 -32.2 -44.1 -23.2 20.9 4.20 0.17 0.33
10.860 -38.4 -47.8 -31.4 16.4 3.45 0.14 0.27
12.370 -45.7 -53.5 -41.5 12.0 1.82 0.07 0.14
14.242 -55.8 -60.7 -48.7 12.0 2.33 0.09 0.18
16.760 -64.7 -70.2 -54.1 16.1 3.10 0.12 0.24
21.020 -58.7 -63.9 -54.9 9.0 1.56 0.06 0.12
26.919 -47.5 -49.8 -44.9 4.9 0.79 0.03 0.06
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Fig.11. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in July

During July (Table 7 and Fig. 11) the value T approximately linearly diminishes with 23.5 °C
(maximum amplitude of hours values from 13.0 °C to 35.8 °C) on the earth's surface to -64.7 °C (range: -
70.2— -54.1 °C) at the height of 16.8 km (lower boundary of tropopause), then grow to -47.5 °C (range: -
49.8— -44.9 °C) at the height of 26.9 km.The greatest variations are observed in the temperature of air on
the earth's surface and at an altitude 9.6 km (Range >20.0 °C).
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Table 8

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during August

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 25.0 135 41.0 27.5 5.00 0.20 0.39
1512 18.1 3.7 28.0 24.3 4.03 0.16 0.32
2.027 14.4 1.4 22.8 21.4 3.66 0.15 0.29
2.570 11.0 -0.5 17.7 18.2 3.36 0.14 0.26
3.143 8.0 -4.0 14.4 18.4 3.22 0.13 0.25
3.751 4.6 -7.8 10.3 18.1 3.07 0.12 0.24
4.399 0.5 -11.2 5.6 16.8 2.79 0.11 0.22
5.091 -4.2 -15.5 1.2 16.7 251 0.10 0.20
5.835 -9.2 -20.3 -4.3 16.0 2.38 0.10 0.19
6.642 -14.5 -26.6 -9.4 17.2 2.42 0.10 0.19
7.524 -20.4 -33.4 -14.5 18.9 2.63 0.11 0.21
8.499 -27.2 -41.2 -20.1 21.1 2.97 0.12 0.23
9.592 -34.1 -47.0 -26.0 21.0 3.45 0.14 0.27
10.851 -40.3 -51.0 -31.6 194 3.69 0.15 0.29
12.349 -47.5 -57.2 -42.7 14.5 2.22 0.09 0.18
14.207 -57.3 -60.8 -51.7 9.1 1.70 0.07 0.13
16.715 -64.5 -70.2 -56.0 14.2 2.65 0.11 0.21
20.986 -58.7 -62.5 -52.5 10.0 1.35 0.05 0.11
26.876 -48.3 -54.8 -45.2 9.6 1.51 0.06 0.12
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Fig.12. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in August

During August (Table 8 and Fig. 12) the average monthly temperature of air linearly decreases with
25.0 °C (maximum amplitude of hours values from 13.5 °C to 41.0 °C) at the level of meteorological station
to -64.5 °C (range: -70.2—-56.0 °C) at the height of 16.7 km (lower boundary of tropopause), then grow to -
48.3 °C (range: -54.8— -54.8 °C) at the height of 26.9 km. The greatest variations are observed in the
temperature of air on the earth's surface and at heights 1.5, 2.0, 7.5 and 9.5 km (Range >20.0 °C).
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Table 9

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during September

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 19.8 8.4 32.0 23.6 4.59 0.19 0.37
1515 12.7 -5.3 22.3 27.6 4.40 0.18 0.35
2.021 94 -8.8 17.7 26.5 4.05 0.17 0.32
2.554 6.6 -11.8 13.6 25.4 3.94 0.16 0.32
3.117 3.6 -14.6 10.7 25.3 3.99 0.16 0.32
3.715 0.1 -18.5 6.3 24.8 3.95 0.16 0.32
4.352 -3.8 -22.6 2.5 25.1 3.82 0.16 0.31
5.033 -8.1 -26.8 -1.2 25.6 3.68 0.15 0.29
5.767 -12.9 -31.5 -6.3 25.2 3.59 0.15 0.29
6.561 -18.4 -37.1 -12.5 24.6 3.55 0.15 0.28
7.429 -24.7 -42.1 -19.3 22.8 3.50 0.14 0.28
8.386 -32.0 -47.8 -26.2 21.6 3.33 0.14 0.27
9.456 -40.0 -53.4 -31.6 21.8 3.30 0.13 0.26
10.679 -47.5 -60.4 -37.4 23.0 3.80 0.16 0.30
12.133 -52.8 -61.5 -45.0 16.5 3.73 0.15 0.30
13.969 -57.5 -66.4 -514 15.0 2.45 0.10 0.20
16.498 -61.7 -67.4 -53.8 13.6 2.65 0.11 0.21
20.803 -59.0 -66.3 -53.1 13.2 1.92 0.08 0.15
26.653 -50.7 -60.8 -46.4 144 2.26 0.09 0.18
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Fig.13. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in September

During September (Table 9 and Fig. 13) the value T approximately linearly decreases with 19.8 °C
(maximum amplitude of hours values from 8.4 °C to 32.0 °C) on the earth's surface to -57.5 °C (Range: -
66.4—-51.4 °C) at the height of 14.0 km (lower boundary of tropopause), then proceeds an increase in the
temperature in the range of heights from 16.5 km (T = -61.7 °C, range: -67.4 —-53.8 °C) to 26.7 km (T = -
50.7 °C, range: -60.8 —-46.4 °C). The greatest variations are observed in the temperature of air in the layer
from 1.5 to 3.1 km, 4.4 and 5.8 km (Range > 25.0 °C).
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Table 10

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during October

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 13.1 0.2 28.1 27.9 4.88 0.20 0.38
1.521 6.7 -5.5 17.8 23.3 4.08 0.16 0.32
2.015 4.0 -7.9 13.1 21.0 3.96 0.16 0.31
2.537 1.7 -9.6 10.2 19.8 3.90 0.16 0.31
3.090 -0.9 -11.6 6.8 18.4 3.69 0.15 0.29
3.692 4.1 -14.4 3.0 174 3.45 0.14 0.27
4.318 -7.8 -16.7 -0.6 16.1 3.24 0.13 0.26
4.990 -11.8 -19.3 -5.0 14.3 3.08 0.12 0.24
5.713 -16.6 -24.2 -10.0 14.2 3.01 0.12 0.24
6.496 -22.2 -30.5 -155 15.0 2.98 0.12 0.23
7.350 -28.6 -37.1 -22.1 15.0 2.92 0.12 0.23
8.292 -36.0 -44.4 -29.0 154 2.81 0.11 0.22
9.343 -44.2 -52.3 -36.4 15.9 2.57 0.10 0.20
10.543 -52.1 -60.7 -43.7 17.0 2.59 0.10 0.20
11.966 -57.4 -67.8 -45.3 22.5 3.91 0.16 0.31
13.776 -59.0 -72.9 -51.8 21.1 3.27 0.13 0.26
16.301 -61.2 -68.4 -54.7 13.7 2.20 0.09 0.17
20.598 -60.8 -66.8 -54.9 11.9 1.96 0.08 0.15
26.378 -53.4 -60.7 -47.7 13.0 2.14 0.09 0.17
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Fig.14. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in October

During October (Table 10 and Fig. 14) the average monthly temperature of air linearly decreases
with 13.1 °C (maximum amplitude of hours values from 0.2 °C to 28.1 °C) at the level of meteorological
station to -57.4 °C (Range: -67.8 — -45.3 °C) at the height of 12.0 km (lower boundary of tropopause), then
after insignificant decrease smoothly it grows to -53.4 °C (Range: -60.7 — -47.7 °C) at the height of 26.4
km. The greatest variations are observed in the temperature of air on the earth's surface and at heights 1.5,
2.0, 12.0 and 13.8 km (Range > 20.0 °C).
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Table 11

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during November

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 7.8 -4.3 22.3 26.6 4.43 0.18 0.35
1.525 3.1 -8.1 124 20.5 3.97 0.16 0.32
2.014 0.8 -10.6 9.6 20.2 3.86 0.16 0.31
2.530 -1.4 -11.8 6.7 18.5 3.75 0.15 0.30
3.078 -3.9 -14.6 4.1 18.7 3.59 0.15 0.29
3.659 -7.0 -18.5 1.7 20.2 3.55 0.15 0.28
4.279 -10.7 -22.6 -2.5 20.1 3.48 0.14 0.28
4.943 -14.9 -26.8 -7.3 19.5 3.42 0.14 0.27
5.657 -19.8 -31.5 -12.3 19.2 3.38 0.14 0.27
6.430 -25.5 -37.1 -17.9 19.2 3.36 0.14 0.27
7.273 -32.0 -42.1 -24.6 175 3.29 0.13 0.26
8.202 -39.3 -47.8 -32.3 155 3.12 0.13 0.25
9.238 -47.5 -55.6 -41.4 14.2 2.82 0.12 0.23
10.422 -55.0 -61.7 -45.4 16.3 2.60 0.11 0.21
11.831 -58.9 -67.8 -47.7 20.1 3.70 0.15 0.30
13.633 -59.7 -72.9 -50.8 22.1 3.52 0.14 0.28
16.153 -62.2 -68.8 -55.9 12.9 2.40 0.10 0.19
20.424 -62.7 -68.3 -52.8 155 2.05 0.08 0.16
26.124 -56.9 -65.5 -46.1 194 341 0.14 0.27
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Fig.15. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in November

During November (Table 11 and Fig. 15) the value T approximately linearly decreases with 7.8 °C
(maximum amplitude of hours values from -4.3 °C to 22.3 °C) on the earth's surface to -58.9 °C (range: -
67.8 —-47.7 °C) at the height of 11.8 km (lower boundary of tropopause), then after certain further decrease
occurs an increase in the temperature to -56.9 °C (range: -65.5 — -46.1 °C) at the height of 26.1 km. The
greatest variations ) are observed in the temperature of air in the layer from 0.543 to 2.0 km, at the heights
3.7,4.3,11.8 and 13.6 km (Range > 20.0 °C.
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Table 12

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during December

Km Mean Min Max Range St Dev Om 95%(+/-)
0.543 2.6 -7.2 17.8 25.0 4.34 0.17 0.34
1.507 -1.8 -12.1 10.0 22.1 3.99 0.16 0.31
1.988 -3.8 -14.7 7.3 22.0 4.19 0.17 0.33
2.495 -5.8 -16.7 4.3 21.0 4.30 0.17 0.34
3.033 -8.2 -19.5 0.9 20.4 4.39 0.18 0.35
3.605 -11.2 -23.5 -2.4 21.1 4.43 0.18 0.35
4.215 -14.7 -271.7 -5.7 22 -14.1 0.18 0.35
4.869 -18.8 -31.5 -9.3 22.2 4.35 0.17 0.34
5.572 -23.6 -36.5 -13.7 22.8 4.25 0.17 0.33
6.333 -29.2 -41.2 -18.9 22.3 4.05 0.16 0.32
7.164 -35.5 -46.5 -25.3 21.2 3.76 0.15 0.30
8.079 -42.6 -53.7 -33.0 20.7 3.40 0.14 0.27
9.102 -50.1 -56.9 -41.5 154 2.78 0.11 0.22
10.274 -56.4 -62.6 -45.8 16.8 2.83 0.11 0.22
11.678 -58.8 -68.0 -45.3 22.7 4.44 0.18 0.35
13.487 -58.0 -71.3 -47.5 23.8 3.39 0.14 0.27
16.029 -60.2 -69.7 -50.4 19.3 2.89 0.12 0.23
20.333 -61.3 -72.9 -50.3 22.6 3.46 0.14 0.27
26.058 -56.8 -68.6 -40.1 28.5 5.07 0.20 0.40
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Fig.16. Vertical distribution of mean monthly, maximum and minimum air temperature over territory of
Kakheti in December

During December (Table 12 and Fig. 16) the average monthly temperature of air approximately
linearly decreases with 2.6 °C (amplitude of hours values from -7.2 °C to 17.8 °C) on the earth's surface to -
56.4 °C (range: -62.6 —-45.8 °C) at the height of 10.3 km (lower boundary of tropopause), then little change
to an altitude 26 km (T = -56.8 °C, range: -68.6 — -40.1 °C). Limits of a change of the values T in the layer
11.7 - 26.0 km: from -61.3 °C (height of 20.3 km) to -56.8 °C (height of 26.0 km). The greatest variations
are observed in the temperature of air on the earth's surface and at the height of 26.0 km (Range > 25.0 °C).
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Fig. 17 Vertical distribution of mean monthly air temperature over territory of Kakheti in January —
December 2012-2016

Fig. 17 for the clarity depicts the vertical distribution of the average monthly values of the
temperature of air above the Kakheti for the separate months of year. Fig. 18 depicts the vertical distribution
of the annual amplitude of the average monthly values of the temperature of air above the Kakheti
(difference between average monthly maximum and minimum temperature).
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Fig. 18.Vertical distribution of the annual amplitude of mean monthly air temperature values over territory of
Kakheti in January-December 2012-2016

As follows from these figures the annual amplitude of average monthly temperature it decreases with
the height from the earth's surface (22.5 °C) to the level 550 mb (16.2 °C, height of approximately 5.0 km).
Then occurs an increase in this amplitude to the level 300 mb (19.5 °C, height of approximately 9.0 km). In
the layer 250-50 mb (approximately 10-20 km) occurs a sharp drop in the annual amplitude of the average
monthly temperature of air (18.7 °C at the level 250 mb and 4.0 °C at the level 50 mb). At the level 20 mb
(about 26 km) occurs a certain increase in this amplitude (10.0 °C).
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Fig.19. Vertical distribution of monthly values of the range of air temperature over territory of Kakheti in
January-December 2012-2016

Finally, Fig. 19 depicts the vertical distribution of the monthly values of the variation scope of the
temperature of air above the Kakheti territory for the separate months. As it follows from this figure, the
greatest variations in the hourly values of the temperature of air in the layer of the atmosphere from 850 to
450 mb (approximately in the layer 1.5 - 6.0 km) during May and smallest - during June and July are
observed. At the level 20 mb (approximately 26 km) the greatest variations are observed in the hourly
values of temperature during January and smallest - during June and July.

Conclusion

It is planned In the near future conducting more detailed studies changeability of the vertical distribution of
air temperature above Kakheti in the days with the convective processes in atmosphere. This information,
in particular, will be useful for the construction of the more detailed maps (than in [28]) of the
distribution of potential damage from the hail of agricultural crops, etc. taking into account the dimensions of
hailstones in the clouds according to the data of radar measurements, heights of freezing level and locality
[1, 29-34].

References

[1] Sulakvelidze G.K. Livnevyye osadki i grad. L., Gidrometeoizdat, 1967, 412 s., (in Russian).

[2] Abshaev A.M., Abshaev M.T., Barekova M.V., Malkarova A.M. Rukovodstvo po organizacii i
provedeniu protivogradovih rabot. ISBN 978-5-905770-54-8, Nalchik, Pechatni dvor, 2014, 500 s., (in
Russian).

[3] Salukvadze T.G. Radiolokacionnie harakteristiki gradovih oblakov s uchetom ih sezonnogo hoda. Trudi
Instituta Geofiziki AN Gruzii, t. 32, Tb., “Mecniereba”, 1973, s. 129-138, (in Russian).

[4] Amiranashvili A., Dzodzuashvili U., Lomtadze J., Sauri I., Chikhladze V. Meteorological Radar and
Radar Ensuring Active Impacts on Atmospheric Processes in Kakheti. Trans. of Mikheil Nodia institute of
Geophysics, ISSN 1512-1135, v. 65, Th., 2015, pp. 101 — 112, (in Russian).

[5] Abaiadze O., Avlokhashvili Kh., Amiranashvili A., Dzodzuashvili U., Kiria J., Lomtadze J., Osepashvili
A., Sauri ., Telia Sh., Khetashvili A., Tskhvediashvili G., Chikhladze V. Radar providing of anti-hail service
in Kakheti. Transactions of Mikheil Nodia Institute of Geophysics, v. 66, ISSN 1512-1135, Th., 2016, pp.
28-38, (in Russian).

[6] Avlokhashvili Kh., Banetashvili V., Gelovani G., Javakhishvili N., Kaishauri M., Mitin M., Samkharadze
I., Tskhvediashvili G., Chargazia Kh., Khurtsidze G.Products of meteorological radar «METEOR
735CDP10». Transactions of Mikheil Nodia Institute of Geophysics, v. 66, ISSN 1512-1135, Th., 2016, pp.
60-65, (in Russian).

40



[7] Kartsivadze A.l., SalukvadzeT.G., LapinskasV.A. Nekotorie voprosi metodiki vozdeistvia na gradovie
processi s ispolzovaniem protivogradovoi sistemi “Alazani”. Trudi Instituta Geofiziki AN Gruzii, t. 36.,
1975, s. 13-27, (in Russian).

[8] Amiranashvili A., Dzodzuashvili U., Chikhladze V. Anti-Hail Rockets of the Surface-to Air Type. Trans.
of Mikheil Nodia institute of Geophysics, ISSN 1512-1135, v. 64, Thb., 2013, pp. 151 — 159, (in Russian).

[9] Amiranashvili A., Barekchian I., Dvalishvili K., Dzodzuashvili U., Lomtadze J., Osepashvili A., Sauri 1.,
Tatishvili G., Telia Sh., Chikhladze V. Characteristics of ground means action on hail process in Kakheti.
Transactions of Mikheil Nodia Institute of Geophysics, v. 66, ISSN 1512-1135, Th., 2016, pp. 39-52, (in
Russian).

[10] Amiranashvili A. G., Chikhladze V. A., Dzodzuashvili U. V., JincharadzeG. A., Pipia M. G., Sauri I. P.,
Telia Sh. O. On the Use of Anti-Hail Rockets "Trayal D 6- B" in the Work of Anti-Hail System in Kakheti
(Georgia). Journal of the Georgian Geophysical Society, Issue B. Physics of Atmosphere, Ocean and Space
Plasma, v.19B, Th., 2016, pp. 73-78.

[11] Amiranashvili A., Dzodzuashvili U., Lomtadze J., Sauri 1., Chikhladze V. Some Characteristics of Hail
Processes in Kakheti. Trans. of Mikheil Nodia institute of Geophysics, ISSN 1512-1135, v. 65, Th., 2015,
pp. 77 — 100, (in Russian).

[12] Budagashvili T., Karchava J., Gunia G., Intskirveli L., Kuchava T., Gurgenidze M., Amiranashvili A.,
Chikhladze T. Inventory of Greenhouse Gas Emissions and Sinks. Georgia’s Initial National Communication
on Under the United Nations Framework Convection on Climate Change, Project GEO/96/G31, Th., 1999,
137 p.

[13] Tavartkiladze K., Begalishvili N., Kharchilava J., Mumladze D., Amiranashvili A., Vachnadze J.,
Shengelia I., Amiranashvili V. Contemporary climate change in Georgia. Regime of some climate
parameters and their variability. Monograph, ISBN 99928-885-4-7, Th., 2006, 177 p., (in Georgian).

[14] Amiranashvili A., Matcharashvili T., Chelidze T. Climate change in Georgia: Statistical and nonlinear
dynamics predictions. Journ. of Georgian Geophysical Soc., Iss. (A), Physics of Solid Earth, v.15A, Th.,,
2011-2012, pp. 67-87.

15] Kvaratskheliya I.F. Aerologicheskiye issledovaniya v Zakavkaz'ye. Gidrometeoizdat, Leningrad, 1964,
248 s.

[16] Kvaratskheliya I.F. Ob osobennostyakh izmeneniya s vysotoy nekotorykh meteorologicheskikh
elementov nad Thilisi. Tr. ThiINIGMI, vyp. 6, 1959, s. 69-77.

[17] Kvaratskheliya I.F. Osnovnyye cherty klimata svobodnoy atmosfery nad Gruzinskoy SSR. Tr.
TbiINIGMI, vyp. 10, 1962, s. 25-70.

[18] Nikolayshvili G.V. Aerologicheskaya kharakteristika polya meteorologicheskikh elementov nad
Alazanskoy dolinoy. Tr. Vsesoyuzn. Nauchn. Soveshch. po aktivnym vozdeystviyam na gradovyye
protsessy. In-t geofiziki AN GSSR, Th., 1964, s. 71-89, (in Russian).

[19] Amiranashvili A.G., Chikhladze V.A., Dzodzuashvili U.V., GhlontiN.Ya., Sauri I.P. Reconstruction of
Anti-Hail System in Kakheti (Georgia). Journal of the Georgian Geophysical Society, Issue B. Physics of
Atmosphere, Ocean and Space Plasma, v.18B, Th., 2015, pp. 92-106.

[20] Amiranashvili A., Burnadze A., Dvalishvili K., Gelovani G., Ghlonti N., Dzodzuashvili U., Kaishauri
M., Kveselava N., Lomtadze J., Osepashvili A., Sauri I., Telia Sh., ChargaziaKh., Chikhladze V. Renewal
works of anti-hail service in Kakheti. Transactions of Mikheil Nodia Institute of Geophysics, v. 66, ISSN
1512-1135, Th., 2016, pp. 14-27, (in Russian).

[21] Amiranashvili A.G. History of Active Effects on Atmospheric Processes in Georgia. In the book: Essays
of the History of Weather Modification in the USSR and the Post-Soviet Territory, ISBN 978-5-86813-450-
0, St. Petersburg, RSHMU, 2017, 352 pp., ill, pp. 234-254, (in Russian), http://mig-
journal.ru/toauthor?id=4644

[22] Amiranashvili A.G., Dzodzuashvili U.V., GhlontiN.Ya., Kaishauri M.N., Sauri I.P., ChargaziaKh.Z.,
Chikhladze V.A. Obnovlennaya Sluzhba Bor'by s Gradom v Kakhetii i perspektivy razvitiya rabot po
modifikatsii pogody v Gruzii. Doklady Vserossiyskoy konferentsii po fizike oblakov i aktivnym
vozdeystviyam na gidrometeorologicheskiye protsessy, 23-27 oktyabrya 2017 g., chast' 2, FGBU
«Vysokogornyy Geofizicheskiy Institut», Nal'chik, ISBN 978-5-00109-257-5 ch.2; ISBN 978-5-00109-258-
2, 2017, s. 135-162, (in Russian), http://dspace.qgela.org.ge/bitstream/123456789/6498/1/
Awmmupanamsui... Koudp BI'M 2017 Yacte 2 c¢. 155-162.pdf

[23] Bliadze T., Jamrishvili N., lobadze K., Tavidashvili Kh. Changeability of height of zero isotherm in
Kakheti into the season of the anti-hail works of 2015. Transactions of Mikheil Nodia Institute of
Geophysics, v. 66, ISSN 1512-1135, Th., 2016, pp. 90-95, (in Russian).

41


http://mig-journal.ru/toauthor?id=4644
http://mig-journal.ru/toauthor?id=4644
http://dspace.gela.org.ge/bitstream/123456789/6498/1/

[24] JamrishviliN. K., TavidashviliKh. Z. Vertical Distribution of the Monthly Mean Values of the Air
Temperature Above the Territory of Kakheti (Georgia) in the Central Months of the Year 2012-2016. Journal
of the Georgian Geophysical Society, ISSN: 1512-1127, Iss. B, Physics of Atmosphere, Ocean and Space
Plasma, vol.19B, Th., 2016, pp.66-72.

[25] Jamrishvili N. K. Monthly and Ten-Day Average Values of Freezing Level in the Atmosphere Above
Kakheti Territory (Georgia) from April to October. Journal of the Georgian Geophysical Society, Issue A.
Physics of Solid Earth, v.20A, 2017, pp. 57 - 64.

[26] TavidashviliKh. Z. The Statistical Characteristics of Hourly Values of the Height of Isotherm -6°C in
the Atmosphere Above Kakheti Territory (Georgia) from April to October. Journal of the Georgian
Geophysical Society, Issue A. Physics of Solid Earth, v.20A, 2017, pp. 65 - 71.

[27] Kobisheva N., Narovlianski G. Climatological Processing of the Meteorological Information,
Gidrometeoizdat, Leningrad, 1978, 294 p., (in Russian).

[28] Amiranashvili A.G., Bliadze T.G., Jamrishvili N.K., Khurodze T.V., Pipia M.G., Tavidashvili Kh.Z.
Comparative Analysis of the Distribution of Number of Days with Hail Per Annum on the Territory of
Kakheti According to the Data of the Meteorological Stations and State Insurance Service of Georgia.
Journal of the Georgian Geophysical Society, Issue A. Physics of Solid Earth, v.20A, 2017, pp. 44 - 56.

[29] Meyson B. Dzh. Fizika oblakov, Gidrometeoizdat, L., 1961.

[30] Geyvandov E.A., Mazin I.P. Prostoy metod rascheta tayaniya gradin pri padenii. Tr. TSAO, vyp. 51,
1963, s. 57-68.

[31] Shishkin N.S. Oblaka, osadki i grozovoye elektrichestvo. Gidrometeoizdat, L., 1964, 402 s.

[32] Zimenkov V.A., Ivanov V.V. Raschet tayaniya gradin v yestestvennykh protsessakh. Tr. VGI, vyp. 3(5),
1966.

[33] Geladze G.SH., Mdinaradze D.A., Robitashvili G.A., Sulakvelidze G.G. Tayaniye gradin pri padenii
nizhe nulevoy izotermy v konvektivnykh oblakakh. Tr. ZakNIGMI, vyp. 55(61), 1975, s. 74-79.

[34] Khorguani V.G. Mikrofizika zarozhdeniya i rosta grada. MO Gidrometizdata, 1984, 188 s.

39b9m0L  BgMoGHMM05BY (LogdsMmggem) 2012-2016 §f. s@&dmbgg®dml 0.54-27
39 896580 35960l $g939MoEGHNIMOL Lsdrsemmz0Mo 3603369wmdgdOLs
BGo@GoLGH03MM0 Asbolinsmgdergdo

5.5006565330000, b. dgM0560dY, b. %306M0T30¢0, b. 19300533000
M9bomdg

§om3mpqbomos  bEHsGHOLE03OO  sBogoBol dmboggdgdo 2012 - 2016 §f. 39bgomol  GHIMoGHMM0sbY
5GHIMbggmdmdo 19 ©mbybg 0.54-0sb 27 30-009 LOBo®Erggdol O0s35DMmbIo  3o9M0ol  FHga3gMsdweols
L5395 MmM30v9H0 360dz69EMdYdOL Fglobgd .

CraTtucTuyeckue XapaKTepUCTHKH CPeIHeMeCAYHbIX 3HAYeHU i TeMIepaTyphbl
BO31yXxa B cioe armocepsnl 0.54-27 km Hag Teppuropueii Kaxerun(I'py3us) B
2012-2016 rr.

A.I'. AmupanamBuiau, H.T. bepuannnze, H.K. /zkampumsuian, X.3. Tapugamsuiu

Pe3iome

[IpencraBieHsl TaHHBIE CTATHCTUYECKOTO aHAIM3a CPEJHEMECSYHBIX 3HAUCHHWH TEMIIepaTyphl BO3IyXa B
atMoc(epe Han Tepputopueit Kaxerun Ha 19 ypoBHsX B nuamna3oHe BbicoT oT 0.54 10 27 KM Ui eprojaa ¢
2012 mo 2016.

42



Journal of the Georgian Geophysical Society,
Issue B. Physics of Atmosphere, Ocean and Space Plasma, v. 20B, 2017, pp. 43-64

Tourism Climate Index in Some Localities of Georgia
and North Caucasus (Russia)

!Avtandil G. Amiranashvili, 2Nino D. Japaridze, 3Liana G. Kartvelishvili,
24Ketevan R. Khazaradze, >Andreas Matzarakis,
’Nina P. Povolotskaya, “Irina A. Senik

IMikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi State University, Tbilisi, Georgia
1, M. Alexidze Str., 0160, Thilisi, Georgia, e-mail:avtandilamiranashvili@gmail.com
2Thilisi State Medical University
3National Environmental Agency of Georgia
“Georgian State Teaching University of Physical Education and Sport
SUniversity of Freiburg, Meteorological Institute, Germany
SPyatigorsk Research Institute of Resort Study of the Federal Medico-Biological Agency, Russia
"A.M . Obukhov Institute of Atmospheric Physics of Russian Academy of Sciences

ABSTRACT
Results of investigation of monthly values of the Tourism Climate Index (TCI) in some Jocalities of Georgia
(21 Iocalities) and North Caucasus (Russia, 6 localities) are represented. Height of these Jlocalities varied
from 3 to 2194 m above sea level.
Correlation and regression analysis of the connection of mortality by cardiovascular deceases in Thilisi with
the values of TCI and its separate components is carried out. This analysis confirmed the representativeness
of the use of the scale of TCI as bioclimatic indicator for the investigated region (as a whole, with an
increase of values of TCI it is noted the decrease of mortality).
The statistical characteristics of values of TCI are represented. In particular it is obtained that with an
increase of the height of locality, as a whole occurs the passage of bimodal intra-annual distribution of TCI
to the single-modal. The vertical distribution of values of TCI on the average in the year, in the warm and
cold periods, and also in the central months of year is studied. The detailed information about the
categories of TCI for all investigated localities is represented.

Key words: tourism climate index, bioclimate.

INTRODUCTION

Health resort-tourist industry is one of the most important sectors of the world economy. This sector
in many respects depends on geographical position, topography, landscape, vegetation, fauna, ecological
situation, weather, climate, etc. Weather and climate are two factors, in many respects of the determining
bioclimatic resources of localities, which should be visited for the treatment, leisure or tourism [1-5].
Therefore, a special attention is paid to a study of these resources, which can be useful for organization or
development of the health resort-tourist of branch in many countries. In early studies was used the set of the
simple and combined meteorological and climatic indices for the health resorts and the tourism, and also
studying the reaction of the human organism to their changeability.

In last almost one hundred years in the world are carried out sufficiently many studies in the field of
bioclimatology, biometeorology and medical meteorology [6-8]. Thus, the analysis of the experiments of the
influence of separate meteorological elements and their complexes on the health of people is carried out in
the work [6], also the detailed information about different bioclimatic indices used in the different countries
in 1925-1970 is presented. It is noted in the same work, that the interest in the problem "person -
environment" in Europe in the scientific literature was fixed several centuries ago [9-10].

On the post Soviet space, including Georgia, it was very popular the use of the bioclimatic index air
equivalent-effective temperature (EET- combination of the air temperature, relative humidity and wind
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speed) and air radiation equivalent effective temperature (REET- combination of the air temperature, relative
humidity, wind speed and solar radiation intensity) [7,8,11].

Together with the physical quantities of the value of bioclimatic indices is described by the terms
("Coldly", "Comfortably", "Warmly", etc.). A similar terminology is more intelligible for the wide circle of
population, than physical quantities. Let us here note, that about three centuries ago for describing the
climate of Georgia similar terms were used by the well-known Georgian historian and geographer Vakhushti
Bagrationi [12].

The several new indices for evaluating the fitness of climate for the tourist activity were developed
in the recent decades [2,13,14]. The most widely known and used index is the Tourism Climate Index,
proposed by Mieczkowski [13]. The "Tourism Climate Index" of Mieczkowski (TCI) was developed for
using climatic data, which practically are located in all countries. This index is the sum of the marks of five
factors, which with the aid of the special tables and the nomograms are determined by the combination of
seven meteorological parameters (average monthly and maximum temperature of air, the average monthly
and minimum relative humidity of air, monthly total precipitation, monthly insolation duration, average
monthly wind speed).

One of the important advantages of this index is the possibility of using archive data, which makes it
possible to trace the dynamics of change TCI in time in connection with climate change. Another merit of
this index is the possibility of the comparison of the bioclimatic resources of different countries with each
other, which can contribute to international collaboration during the determination of the optimum periods of
health resort-tourist season for so-called average individual (average tourist). It should be noted, that
unfavorable season of year, for the average individual the bioclimatic conditions are not always occasion for
the curtailment into this season of tourist activity as a whole. Depending on local conditions for the specific
category of people in the indicated months of year it is possible to develop winter, sport, extreme and many
other forms of tourism, including medical and sanitary.

TCI is used in many countries of the world [1-3,14-19], including Black Sea-Caspian region
countries, such as Turkey [20,21], Iran [22-28], Russia (Sochi, Krasnaya Polyana, Anapa, Tuapse,
Primorsko-Akhtarsk, Taganrog, Kislovodsk, Makhachkala) [29]. In this case the authors of work [29]
proposed the original method of TCI calculation according to the data of standard three-hour observations of
the meteorological parameters.

In the South Caucasus countries the average monthly values of TCI were calculated for Georgia
(Thilisi, Batumi, Anaklia, Telavi, etc.), Armenia (Yerevan), Azerbaijan (Baku) [30-35]. In particular, in the
work [34] it was shown that in period 1986-2010 in comparison with period 1961-1985 in average for 4
seaside and alpine points of Adjara (Batumi - capital of Adjarian Autonomous Republic, Kobuleti, Khulo
and Goderdzi) substantial changes of the values of TCI was not observed.

For tourism climatology this bioclimatic parameter has also been used lately as Physiologically
Equivalent Temperature (PET, one of the most popular physiological thermal indices derived from the
human energy balance which is used in the analysis to describe the effect of the climate), Standard Effective
Temperature — (SET), Universal Thermal Climate Index (UTCI) — a combination of daily air temperature,
relative humidity, wind velocity, mean cloud cover, solar radiation, etc. [36-44].

In recent years, in connection with the problem of global and local climate change, with an increase
of anthropogenic pollution of atmosphere, which increased the vulnerability of people to the environmental
factors, the analyses of ambient effect on the health of people acquired an even larger urgency [45-64]. In
particular, the influence of different separate and complex astro-meteorological and geophysical factors on
the general mortality and the mortality apropos of the cardiovascular diseases of the population of Thilisi city
with different scales of averaging - hour, daily, monthly, annual [45,47,48,52-54,56-59,62], was studied.
The evaluations of the influence of an increase in the temperature of air, associated with the global warming-
up, on the mortality of population in different countries are carried out [50,60,61].

It is possible to soften an increase in the negative ambient effect on human health by the
development of the health resort-tourist industry, which makes it possible for people to pass the course of
treatment, sanitation- rehabilitative measures, actively to rest. Therefore, in recent years for the development
of this sector of economy, and with respect to the refinement of known and to the development of new
bioclimatic resources in the acting and promising health resort-tourist zones, is inverted special attention
[3,4,63].

Georgia and North Caucasus are noted for their health resort-tourist potential. A lot of studies of
different bioclimatic resources and their changeability for the known and promising health resort and tourist
zones are conducted [65-73], the plans of the development of health resort-tourist industry, traveling papers
of health resort-tourist zones, the refinement of the methodologies of the evaluation of the bioclimatic
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potential of these zones, medical weather forecast, etc. are refined regularly [74-83]. In particular,
significant attention is paid to questions of the organization of ionotherapy [84-92]. Nevertheless, is observed
explicit scarcity in the study of the Tourism Climate Index both in Georgia [30-35] and in North Caucasus
[29]. This work is the continuation of the foregoing studies about TCI. Below they are represented the data
about the average monthly values of TCI for 21 locations of Georgia and 6 locations of North Caucasus.

STUDY AREA, METHOD AND DATA DESCRIPTION
Study area (Table 1) is Georgia (21 locations) and Nord Caucasus (6 locations). Information
about coordinates and heights of the meteorological stations is presented in the Table 1.
Table 1

Coordinates and heights of the 27 meteorological stations of Georgia and North Caucasus

Location Latitude, N° Longitude, E° Height, m, a.s.l.
Georgia

Batumi 41.64 41.64 9

Kobuleti 41.82 41.78 3
Khulo 41.64 42.3 921
Goderdzi 41.63 42.52 2025

Anaklia 42.4 41.57 3
Mukhuri 42.63 42.18 260
Abastumani 41.75 42.83 1265
Bakhmaro 41.85 42.32 1926
Bakuriani 41.73 43.52 1665
Gudauri 42.47 44.48 2194
Sairme 41.9 42.75 910
Tskaltubo 42.33 42.62 121
Thilisi 41.72 44.8 403
Telavi 41.93 45.48 568
Mestia 43.05 42.75 1441
Zugdidi 42.52 41.88 117
Dedoplistskaro 41.47 46.08 800
Kvareli 41.97 45.83 449
Sagarejo 41.73 45.33 802
Signagi 41.62 45.92 795
Martvili 42.42 42.38 170

North Caucasus

Kislovodsk 43.9 42.72 890
Pyatigorsk 44.10 43.00 576
Yessentuki 44.04 42.86 614
Zheleznovodsk 44.14 43.02 629
Teberda 43.45 41.73 1328
Nalchik 43.53 43.63 441

Tourism Climate Index (TCI) developed by Mieczkowski [13] is used in the work. TCI is a
combination of seven parameters, three of which are independent and two in a bioclimatic combination:
TCI=8-Cld+2:Cla+4-R+4-S+2-W
Where Cld is a daytime comfort index, consisting of the mean maximum air temperature Ta, max
(°C) and the mean minimum relative humidity RH (%), Cla is the daily comfort index, consisting of the
mean air temperature (°C) and the mean relative humidity (%), R is the precipitation index, S is the daily
sunshine duration index, and W is the mean wind speed index.
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In contrast to other climate indices, every contributing parameter is assessed. Because of a weighting
factor (a value for TCI of 100), every factor can reach 5 points. TCI values >= 80 are excellent, while values
between 60 and 79 are regarded as good to very good. Lower values (40 — 59) are acceptable, but values <
40 indicate bad or difficult conditions for understandable to all tourism.

The data of M. Nodia Institute of Geophysics about the daily mortality of the population of Thilisi
city from the cardiovascular diseases (Mortality) into the period from 1980 through 1992, and also data of
hydrometeorological service of Georgia about mean monthly values of meteorological parameters in Thilisi
during the indicated period of time (156 months) are used in the work., also archive data of
hydrometeorological services of Russia and Georgia about monthly average value of meteorological
parameter on the lasting period of time, necessary for TCI calculation is used in the work.

The analysis of data with the aid of the standard methods of mathematical statistics [93] was
conducted. The following designations will be used below: Min — minimal values, Max - maximal values, St
Dev - standard deviation, Rc — coefficient of linear correlation, R? — coefficient of determination, Relative
Range = 100*(Max-Min)/Average, (%).

RESULTS AND DISCUSSION

Results in Fig. 1-18 and Table 2-5 are presented.

The bioclimatic indices of locality, as a rule, with the health of the population of this locality are
connected. However, the nature of these connections, although bears as a whole the universal nature, in
many respects depends on the specific character of the stay of people in the data of locality (economic
position, demographic situation, the level of medical service, etc.). Therefore, during the use of various
bioclimatic indices for the specific locality is desirable to conduct the estimation on of their
representativeness via the comparison of bioclimatic data with the data about the health of the population of
this locality. As it was noted above, similar studies in the investigated region into
[47,47,50,51,53,54,57,59,62] were carried out.
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Fig. 1. Linear correlation between mean monthly decade mortality by cardiovascular
deceases and simple and complex constituent of TCI and TCI in Thilisi.

Results of studying of connection of TCI and its simple and combined components with the
mortality of population for reasons the cardiovascular diseases based on the example of Thilisi city are
represented below (Fig. 1-4). As follow from Fig. 1 value of the coefficient of linear correlation between the
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average monthly decade mortality of the population of Thilisi for reasons the cardiovascular diseases and
simple and complex components of TCI and TCI are found in the range from - 0.66 to +0.44 (all values of
the correlation coefficients are significant).
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Fig. 2. Linear correlation and regression between mean monthly decade mortality by cardiovascular
deceases and mean monthly values of TCI in Thilisi.
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Fig. 3. Values of mean monthly decade mortality by cardiovascular deceases in Thilisi normalize by the
mean annual decade mortality under different TCI categories.

Very weak inverse correlation between the mortality and precipitation, and also wind speed is
observed. Mortality noticeably correlates with average monthly maximum temperature and average monthly
temperature of air, and also with values of Cla (correlation is negative). The moderate inverse correlation is
noted between mortality and insolation duration, and also by the values of Cld, S and TCI. The moderate
positive correlation is observed between the mortality and the average minimum and average humidity of air.
Very weak positive correlation is noted between the mortality and the values of R, and weak positive
correlation - between the mortality and the values of W.
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Fig. 4. Linear correlation between mean monthly decade mortality by cardiovascular deceases in Thilisi
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normalize by the mean annual decade mortality and TCI according to fig. 3.

Fig. 2 for the clarity depicts the regression graph between the mortality and TCI. As it follows from
this figure (as from Fig. 3,4), with an increase in the category TCI it is observed the decrease of mortality.
Thus, gradations of TCI and its constituting completely adequately describe bioclimatic situation in the
conditions of Thilisi, at least for the period from 1980 through 1992. Concerning present time, similar

studies it is planned to conduct in the near future.

Table 2

The statistical characteristics of TCI for 27 locations of Georgia and North Caucasus

Location
Batumi
Kobuleti
Khulo
Goderdzi
Anaklia
Mukhuri
Abastumani
Bakhmaro
Bakuriani
Gudauri
Sairme
Tskaltubo
Thilisi
Telavi
Mestia
Zugdidi
Dedoplistskaro
Kvareli
Sagarejo
Signagi
Martvili
Kislovodsk
Pyatigorsk
Yessentuki
Zheleznovodsk
Teberda
Nalchik

Average
57
55
57
40
59
55
58
41
53
39
53
56
65
62
55
57
63
61
63
62
55
60
59
58
57
57
58

Min
36
34
31
19
40
29
34
16
30
27
26
36
a7
a7
31
33
44
45
45
46
29
42
38
37
34
35
35

Max
75
74
78
63
77
70
81
67
82
62
81
74
83
79
76
76
81
75
80
77
77
80
82
84
84
80
78
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St Dev
14
15
19
15
14
14
18
17
17
11
21
15
14
12
18
15
15
11
15
11
16
15
18
19
19
18
17

Distribution type
Bimodal, May-Jun; Sept-Oct
Bimodal, May-Jun; Sept-Oct
Unimodal, plateau: May-Sept

Unimodal, Aug
Bimodal, May-Jun; Sept-Oct
Bimodal, May-Jun; Sept
Unimodal, plateau: Aug-Sept
Unimodal, Aug
Unimodal, Aug
Unimodal, Aug
Unimodal, Aug
Bimodal, May; Aug-Sept
Bimodal, Jun; Sept
Bimodal, May-Jun; Sept
Unimodal, plateau: Jun-Sept
Bimodal, May; Oct
Bimodal, Jun; Sept
Bimodal, May; Sept
Unimodal, plateau: Jun-Sept
Bimodal, May; Sept
Bimodal, May; Sept-Oct
Unimodal, plateau: Jul-Sept
Unimodal, plateau: Jul-Aug
Unimodal, Aug
Unimodal, Aug
Unimodal, plateau: Jul-Aug
Unimodal, plateau: Aug-Sept



Table 2 and in Fig. 5-18 clearly presents the results of the statistical analysis of annual, half year and
average monthly long-standing values of TCI for 27 localities of Georgia and North Caucasus. As it follows
from table 2 average annual values of TCI change from 39 (Gudauri) to 65 (Tbilisi), minimum average
monthly - from 16 (Bakhmaro) to 47 (Thilisi, Telavi), maximum average monthly - from 62 (Gudauri) to 84
(Yessentuki, Zheleznovodsk).

®Cv,% ARelRange, %

140
120 'y = -2E-08x3 + BE-05x2 - 0.0449x + 74.374 A
R#=0.4762 A ..
100 A g
L . . e A
A A
- 80 A A o4& Aa
60 + —1 % A\ = 6E-09x3 + 2E-05%2 - 0.0105x + 26.699
A A R2=0.3317
40 ° ol ..
® o o o ... o e -
..... 1 WO S Ay
20 o0 ‘. : ®
0
0 500 1000 1500 2000 2500
Meter

Fig. 5. Values of coefficient of variation and relative range of annual variability of TCI at the different
heights.
With the height of locality, as a whole, occurs an increase in the values of the coefficient of variation
and relative variation scope of intra-annual changeability of TCI (Fig. 5).
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Fig. 6. Intra annual variations of TCI at the levels of terrain height from 3 m (Anaklia) to 260 m
(Mukhuri).

49



TCI

| ' Sagarejo
Dedoplistskaro
Signagi
Telavi
Kvareli
Thilisi

TCI

100
80
60
40
20
0 o = o = (&S]
5852585328828
mThilisi  mKvareli = Telavi Signagi  m Dedoplistskaro = Sagarejo
Fig. 7. Intra annual variations of TCI at the levels of terrain height from 403 m (Thilisi) to 802 m
(Sagarejo).
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Fig. 8. Intra annual variations of TCI at the levels of terrain height from 910 m
(Sairme) to 2192 m (Gudauri).
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Fig. 9. Intra annual variations of TCI in six locations of the North Caucasus. Terrain height from
441 m (Nalchik) to 1328 m (Teberda).

The bimodal type of the intra-annual distribution of average monthly values of TCI in the following
points are observed: Kobuleti, Anaklia, Mukhuri, Tskaltubo, Thilisi, Telavi, Zugdidi, Dedoplistskaro,
Kvareli, Signagi, Martvili; single-modal with the plateau - on the points: Khulo, Abastumani, Mestia,
Sagarejo, Kislovodsk, Pyatigorsk, Teberda, Nalchik; single-modal - on the points: Goderdzi, Bakhmaro,
Bakuriani, Gudauri, Sairme, Yessentuki, Zheleznovodsk (Fig. 6-9). With an increase in the height of
locality, as a whole occurs the passage of bimodal intra-annual distribution of TCI to the single-modal.
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Fig. 10. Correlation field between investigation locations on values of TCI.
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Fig. 11. Repetition of values of correlation coefficient between investigation locations on values of TCI.

Between the investigated localities in terms of the values of TCI is noted high linear correlation (Fig.
10,11). Values of Rc change from 0.56 to 1.0. Values of Rc in the range 0.91-1.0 into 60.6 % of the cases
are observed. Values of Rc in the range 0.51-0.7 only in into 3.4 % of the cases are observed (Fig. 11).

Fig. 12-16 presents the data about the vertical distribution of values of TCI in the investigated region
(corresponding categories of TCI are indicated together with their values on the Y-axis). As follows from
Fig. 12 vertical distribution of average annual and half year values of TCI takes the form of the second
power polynomial. Average annual values of TCI and values of TCI for the warm half-year with the height
of locality grow (to the heights of 500-100 m), then - they diminish. In the cold half-year of value of TCI
little change to the height of 1000 m, then - they diminish.
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Fig. 12. Vertical distribution of TCI in three periods of Year in Georgia and North Caucasus.
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Fig. 13. Vertical distribution of TCI in January.
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Fig. 14. Vertical distribution of TCI in April.
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Fig. 15. Vertical distribution of TCI in July.
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Fig. 16. Vertical distribution of TCI in October

During January, April and July vertical distribution of values of TCI takes the form of the second
power polynomial (Fig. 13-15), while during October with an increase in the height the values of TCI
linearly diminish (Fig. 16). Let us note, that during July an increase in the values of TCI to the height of
1000 m is clearly noticeable, then - decrease.

ol

Moo

Mabes B Oy

ShasEegun
CHEEMMY A

ALTLTN

L1 Y

b bing

TN M@ 2T HERE

Fig. 17. Distribution of annual and half year values of TCI on the territory of Georgia and North Caucasus.
April-September (red), October-March (blue), January-December (green)

Fig. 17, as the illustration, depicts the map of the distribution of average annual and half year values
of TCI in Georgia and North Caucasus.
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Table 3

Annual and half year average of ¢ TCI categories for 27 locations of Georgia and North Caucasus

TCI Categori
Location
Year Warm Cold
Anaklia Acceptable Very Good Marginal
Batumi Acceptable Good Marginal
Kobuleti Acceptable Good Marginal
Zugdidi Acceptable Good Marginal
Mukhuri Acceptable Good Marginal
Khulo Acceptable Very Good Marginal
Bakhmaro Marginal Acceptable Very Unfavorable
Martvili Acceptable Good Marginal
Goderdzi Marginal Acceptable Very Unfavorable
Tskaltubo Acceptable Good Marginal
Sairme Acceptable Very Good Unfavorable
Mestia Acceptable Very Good Marginal
Abastumani Acceptable Very Good Marginal
Bakuriani Acceptable Good Marginal
Gudauri Unfavorable Marginal Unfavorable
Thilisi Good Very Good Acceptable
Sagarejo Good Very Good Acceptable
Telavi Good Very Good Acceptable
Kvareli Good Good Acceptable
Signagi Good Good Acceptable
Dedoplistskaro Good Very Good Acceptable
Kislovodsk Good Very Good Marginal
Pyatigorsk Acceptable Very Good Marginal
Yessentuki Acceptable Very Good Marginal
Zheleznovodsk Acceptable Very Good Marginal
Teberda Acceptable Very Good Marginal
Nalchik Acceptable Very Good Marginal
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Fig. 18. Repetition of TCI categories for 27 locations of Georgia and North Caucasus from January to
December
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Finally, tables 3-5 present detailed information about the categories of TCI on the average during the
year, the warm and cold periods (table 3), and also monthly (table 4,5). These tables, in particular, can be
useful for different tourist agencies.

Fig. 18 presents the data about the repetition of monthly categories of TCI for the investigated
region. As it follows from this figure, as a whole more than into 79% cases the value of TCI they are located
in the range of categories from "Marginal” to "Excellent". l.e., in the overwhelming majority of the months
of year the investigated localities are suitable for the so-called " average tourist ".

Table 4
TCI categories for 27 locations of Georgia and North Caucasus from October to March
Location TCI Categori
Oct Nov Dec Jan Feb Mar
Anaklia Very Good Acceptable Marginal Marginal Marginal Marginal
Batumi Good Acceptable Unfavourable Unfavourable Unfavourable Marginal
Kobuleti Good Acceptable Unfavourable Unfavourable Unfavourable Marginal
Zugdidi Good Marginal Unfavourable Unfavourable Marginal Marginal
Mukhuri Good Acceptable Unfavourable Very Unfavourable Marginal
Unfavourable
Khulo Acceptable Marginal Unfavourable Unfavourable Unfavourable Marginal
Bakhmaro Marginal Unfavourable Very Extremely Extremely Very
Unfavourable Unfavourable Unfavourable Unfavourable
Martvili Good Marginal Unfavourable Very Unfavourable Unfavourable
Unfavourable
Goderdzi Marginal Unfavourable Very Extremely Very Unfavourable
Unfavourable Unfavourable Unfavourable
Tskaltubo Good Acceptable Unfavourable Unfavourable Unfavourable Marginal
Sairme Acceptable Unfavourable Unfavourable Very Very Unfavourable
Unfavourable Unfavourable
Mestia Acceptable Marginal Unfavourable Unfavourable Unfavourable Marginal
Abastumani Acceptable Marginal Unfavourable Unfavourable Marginal Marginal
Bakuriani Acceptable Marginal Unfavourable Unfavourable Unfavourable Unfavourable
Gudauri Marginal Unfavourable Very Very Very Unfavourable
Unfavourable Unfavourable Unfavourable
Thbilisi Very Good Acceptable Marginal Marginal Marginal Acceptable
Sagarejo Good Acceptable Marginal Marginal Marginal Acceptable
Telavi Good Acceptable Marginal Marginal Marginal Acceptable
Kvareli Good Acceptable Marginal Marginal Marginal Acceptable
Signagi Very Good Acceptable Marginal Marginal Marginal Acceptable
Dedoplistskaro Good Acceptable Marginal Marginal Marginal Acceptable
Kislovodsk Good Acceptable Marginal Marginal Marginal Acceptable
Pyatigorsk Good Marginal Unfavourable Unfavourable Unfavourable Marginal
Yessentuki Acceptable Unfavourable Unfavourable Unfavourable Unfavourable Marginal
Zheleznovodsk Acceptable Marginal Unfavourable Unfavourable Unfavourable Marginal
Teberda Acceptable Marginal Unfavourable Unfavourable Unfavourable Marginal
Nalchik Acceptable Marginal Unfavourable Unfavourable Unfavourable Marginal
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Table 5

TCI categories for 27 locations of Georgia and North Caucasus from April to September

Location TCI Categori
Apr May Jun Jul Aug Sep
Anaklia Acceptable Very Good Very Good Good Good Very Good
Batumi Good Very Good Very Good Good Good Good
Kobuleti Acceptable Very Good Very Good Good Good Good
Zugdidi Good Very Good Very Good Good Good Good
Mukhuri Good Good Verygood Good Good Good
Khulo Acceptable Very Good Very Good Very Good Very Good Very Good
Bakhmaro Marginal Acceptable Acceptable Good Good Acceptable
Martvili Good Very Good Very Good Good Good Good
Goderdzi Marginal Marginal Acceptable Good Good Acceptable
Tskaltubo Good Very Good Good Acceptable Good Good
Sairme Marginal Good Very Good Very Good Excellent Very Good
Mestia Acceptable Good Very Good Very Good Very Good Very Good
Abastumani Acceptable Good Very Good Very Good Excellent Excellent
Bakuriani Marginal Acceptable Good Very Good Excellent Good
Gudauri Unfavourable Marginal Marginal Acceptable Good Acceptable
Thbilisi Good Very Good Excellent Very Good Very Good Excellent
Sagarejo Acceptable Very Good Very Good Very Good Excellent Excellent
Telavi Good Very Good Very Good Very Good Very Good Very Good
Kvareli Good Very Good Very Good Good Good Very Good
Signagi Good Very Good Good Good Good Very Good
Dedoplistskaro Good Very Good Very Good Very Good Very Good Excellent
Kislovodsk Acceptable Good Very Good Very Good Excellent Very Good
Pyatigorsk Acceptable Very Good Very Good Excellent Excellent Very Good
Yessentuki Acceptable Good Very Good Excellent Excellent Excellent
Zheleznovodsk Acceptable Good Very Good Excellent Excellent Very Good
Teberda Acceptable Good Very Good Excellent Excellent Very Good
Nalchik Acceptable Very Good Very Good Very Good Very Good Very Good
CONCLUSIONS

In the near future is planned a study of the bioclimatic resources of Georgia and North Caucasus
with the use of such bioclimatic indices as Physiologically Equivalent Temperature (PET), Standard
Effective Temperature — (SET), Universal Thermal Climate Index (UTCI), etc. Wherein, both archival and
modern data about the health of the population of the studied region and meteorological observations will be
used.
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KiuMaTnyecKuid HHACKC TYPU3Ma B HEKOTOPBIX paiioHax I'py3uun
u CeBepnoro KaBkaza (Poccus)

A.I'. AmMupanamBuwiu, H.JI. xkanapunse, JI.I'. KapTBeaunmsuiu,
K.P. Xa3zapanze, A. Mar3apakuc, H.IL. IToBosionkas, U.A. Cenux

Pe3rome

[IpencraBneHsl pe3ysibTaThl MCCIECIOBAHUSA MECAYHBIX 3HAYEHUNW KIMMATUYECKOIO MHIEKCa
typusma (KUT) B Hexotopwix paiioHax I'pysum (21 nmynk) m CesepHoro Kaskasza (Poccus, 6
MyHKTOB). BbicoTa pacnonoxeHus myHKToB — oT 3 10 2194 M Hax ypoBHEM MOpHI.

[IpoBeneH KOpPpEISIMOHHBIN U PErPECCUOHHBIN AHAJIW3 CBSA3M CMEPTHOCTHU 110 MOBOJY CEpACYHO-
cocyaucteix 3aboneBanuil B TOwmnucu co 3HaueHusmu KUT u ero oraenbHbIME KOMIOHEHTaMHU.
OTOT aHalW3 TMOATBEPAWSI PENPE3CHTATUBHOCTh HCIOJIb30BAHUS IIKaJIbI KHUT «kak
OMOKIIMMATHUYECKOr0 MOKa3aTessl JJs UCCIelyeMOoro peruoHa (B 1memnom, ¢ pocrom 3nadenuit KUT
OTMeuaeTcs yObIBAHUE CMEPTHOCTH).

[IpencraBnens! cratuctuyeckue xapakrepuctuku 3HadyeHud KUT. B wactHOCTH mosydeHo, 4ToO ¢
POCTOM BBICOTHI MECTHOCTH, B LIE€JIOM MPOUCXOAUT NEPEX0]l OUMOAAIBHOIO BHYTPUI0JI0BOIO X0/1a
KUT x onHOMOAAIBHOMY.

N3ydeno BeprukanibHOE pacnpenenenue 3HadeHniit KUT B cpenHem 3a roj, Teruiblii M XOJIOAHBII
MIEPUO/IbI, a TAKXKE B EHTPAIbHBIE MECALIBI TOJIA.

[Ipencrasnena nmoapoOHas nHpopmanus o kareropusx KUT st Bcex ucciie1yeMbIX MyHKTOB.

64



Journal of the Georgian Geophysical Society,
Issue B. Physics of Atmosphere, Ocean and Space Plasma, v. 20B, 2017, pp. 65-72

Comparative Analysis of Mean-Daily Value of Air Equivalent-
Effective Temperature in Thilisi and Kojori
Ketevan R. Khazaradze

Georgian State Teaching University of Physical Education and Sport
ketevankhazaradze@gmail.com

ABSTRACT

For the confirmation of the applicability of the scale of air equivalent-effective temperature (EET) as the
bioclimatic index in daily time scale, the results of studying the connection of average-daily values of EET in
Thilisi with the mortality of the population of this city from the cardiovascular diseases are represented.

It is obtained that the dependence of mortality on EET takes the classical form - the decrease of mortality from
the gradation "Sharply Coldly" to "Comfortably" with further increase to the gradation "Warmly". Thus, the
existing scale EET is completely acceptable for the evaluation of the severity of exposure to the health of
people on a daily scale also.

The comparative analysis of mean-daily values of EET into Thilisi (3 meteorological stations - Vashlijvari,
Thilisi state university, Thilisi airport) and in Kojori (mountain health resort settlement in 10 km from the
center of Thilisi) is carried out. In particular it is shown that values of EET in the urbanized part of the city
(Vashlijvari, State University) differ significantly from their values after the feature of city (Airport, Kojori);
in Kojori are not observed negative for the health of people high values EET, which fall into the range by
"Warmly".

Key Words: air equivalent-effective temperature, bioclimatology, biometeorology
Introduction

As is known, the health of people in many respects depends on different natural and anthropogenic
components of the medium of its inhabiting. Bioclimate, which causes the degree of the comfort of the vital
activity of man, is essential component of this medium, and therefore its studies have long ago been immediate
for the scientific different specialties [1-5]. The urgency of these studies even more grew in the connection by
intensive industrialization in a whole series of the countries [6], and also by the accelerated changes in the
global and local climate [7-10], since both indicated factors are closely related to stability problem of different
bioclimatic characteristics of environment [11-16].

The indicated problem is extremely urgent for Georgia, which, among entire other things, possesses
great possibilities for realization and development of activity in the health resort-tourist sphere of the economy.
Therefore, studies of the bioclimatic characteristics of different regions of Georgia, their special features and
changeability, at present acquire special importance not only from a scientific point of view, but also for
solving the whole series of practical questions, such, for example, as traveling papers of the health resort and
tourist potential of the country [17,18].

Work on the traveling papers of the health resort-tourist potential of Georgia long ago is conducted
sufficiently. Thus, work [19] presents the sufficiently detailed description of practically health resort objects
all acted in Georgia in the Soviet period. In the post-Soviet period, unfortunately, the set of these objects
ended its existence. However, recently in the country the health resort-tourist industry again of beginning
vigorously to be developed. In connection with this, taking into account new knowledge in by world
association, appeared the need for at the higher scientific level investigating the bioclimatic resources of
different regions of Georgia.

In the recent two decades in Georgia are carried out sufficiently many studies in the field of
bioclimatology, biometeorology and medical meteorology. In particular, was studied the influence of different
separate and complex astro-meteorological and geophysical factors on the general mortality and the mortality
apropos of the cardiovascular diseases of the population of Thilisi city with different scales of averaging -
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hour, daily, monthly, annual [6,13,20-27], were studied the special features of intra-annual variations in the
tourism climate index of for 21 points of Georgia [28-34], were studied the separate bioclimatic characteristics
of different known and promising health resort -tourism zones [14,15,35-41]. This work is the continuation
of the foregoing studies.

Below, for the confirmation of the applicability of the scale of air equivalent-effective temperature
(EET) as bioclimatic index in daily time scale, are represented the results of studying the connection of
average-daily values EET in Thilisi with the mortality of the population of this city from the cardiovascular
diseases. Is carried out Also the comparative analysis of values of EET in Thilisi (3 meteorological stations -
Vashlijvari, Thilisi State University, Thilisi airport) and in Kojori (mountain health resort settlement in 10 km
from the center of Thilisi).

Material and methods

In the work the data of M. Nodia Institute of Geophysics about the daily mortality of the population
of Thilisi city from the cardiovascular diseases (Mortality) into the period from 1980 through 1992, and also
data of agency on the environment (Vashlijvari, Thilisi Airport) and I. Javakhishvili Thilisi State University
about the mean diurnal values of air temperature - T (°C), air relative humidity — U (%) and wind speed - V
(m/sec) during the indicated period of time were used. Information about coordinates and heights of the
meteorological stations in Thilisi and Kojori in the Table 1 are presented.

The analysis of data with the aid of the standard methods of mathematical statistics [42] was
conducted. All analyzed 4749 cases.

Table 1
Coordinates of the meteorological stations in Thilisi (Vashlijvari, Thilisi State University - TSU, Airport)
and Kojori.

Locatlon Lat, N° Lon., E° He|ght, m, asl
Vashlijvari 41.75 44.77 518
TSU 41.71 44.78 455
Airport 41.67 44.95 472
Kojori 41.67 44.70 1338

The Air Equivalent- Effective Temperature Scale for Thilisi [23] is: <1° - Sharply coldly, 1-8° -
Coldly, 9-16° - Moderately coldly, 17-22° - Comfortably, 23-27° - Warmly, >27° - Hotly

Results and discussion

Results in Tables 2,3 and in Fig. 1,2 are represented.
Table 2
The statistical characteristics of daily mean values of T, U, V and EET in 3 locations of
Thilisi and Kojori in 1980-1992 (4749 cases of observations)

Location Vashlijvari TSU
Parameter T U V EET T U V EET
Min -6.1 31.0 0.0 -23.9 -6.0 28.9 0.0 -20.9
Max 31.0 97 10.3 25.7 30.9 98.0 5.6 25.5
Average 13.0 67.5 0.9 9.5 13.2 65.6 0.7 9.2
Location Airport Kojori
Min -8.3 30.9 0.0 -61.9 -12.5 21.4 0.0 -52.6
Max 31.0 100 23.1 24.4 25.1 100 9.9 20.1
Average 12.8 70.9 4.8 3.4 7.3 74.0 1.3 1.1
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Table 2 presents the statistical data about the values of EET and its separate component for all four
meteorological stations. As it follows from this table in the limits of Thilisi of the essential difference in the
average, maximum and minimum values of temperature and relative humidity of air it is not noted. What
about wind speed - its smallest values are observed at the meteorological station of Thilisi university, greatest
- in the airport. Accordingly, average values of EET in Vashlijvari and TSU fall into the range of “Moderately
coldly”, and in the airport - into the range Coldly”. Maximum values of EET at all three meteorological
stations in the limits of city fall into the range of “Warmly”, minimum - “Sharply coldly”.

In Kojori, because of the height of locality, the average annual temperature of air is approximately on
6°C lower than in Thilisi, relative humidity somewhat higher than at all three stations into Thilisi, wind speed
approximately such, as in Vashlijvari. Accordingly, in Kojori, in contrast to TSU and Vashlijvari, average
annual value of EET falls into the range “Coldly”. Maximum value of EET in Kojori, in contrast to all stations
of Thilisi, falls into the range “Comfortably”.

1KY
N
;..1

12.0 - 11.5

11.0 10.2 10.3
10.0 - 9.1

9.0
8.0
7.0 -
6.0

Mortality

Fig. 1. Mean daily mortality from the cardiovascular diseases in Thilisi to 1 million inhabitants with different
mean daily values of air Equivalent-Effective Temperature in Vashlijvari.

Fig. 1 presents the data about the mean diurnal mortality to one million inhabitants of Thilisi city with
the different values of EET. As it follows from this figure, the smallest mortality is observed with the values
of EET in the range “Comfortably” (9.1), greatest - with the values of EET in the range - Sharply coldly”
(12.1). With the values of EET in the ranges “Moderately coldly” and “Warmly” the mean diurnal mortality
of the population of Thilisi is approximately identical (10.2 and 10.3 respectively).

Let us note that the dependence of mortality on EET takes the classical form - the decrease of mortality
from the gradation “Sharply coldly” to “Comfortably” with further increase to the gradation " Warmly”. Thus,
the existing scale EET is completely acceptable for the evaluation of the degree of its action on the health of
people and on a daily scale.

Table 3
Repetition of daily mean EET Category in 3 locations of Thilisi and Kojori (%)
Sharply

EET Category Coldly Coldly Moderately Coldly Comfortably Warmly

Location/EET <1°C 1-8°C 9-16 °C 17-22 °C 23-27 °C
Vashlijvari 215 22.3 27.2 26.2 2.8
TSU 25.3 195 26.0 26.1 3.1
Airport 40.4 15.9 25.1 174 1.2

Kojori 45.0 23.0 28.4 3.6 -
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Table 3 presents the data about the repetition of categories EET for all investigated points. As follows
from this table, the repetition of categories EET in Vashlijvari and TSU approximately is identical. The
maximum of repetition falls to the ranges “Moderately Coldly” and “Comfortably”. In the airport and Kojori
the maximum of the repetition of categories EET falls to the range “Sharply Coldly”. It should be noted that
in Kojori there are no values EET, which fall into the range of the category “Warmly”, with which are observed
consequences negative for the health of people.
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Fig. 2. Mean monthly values of air Equivalent-Effective Temperature in 3 locations of Thilisi and Kojori.

Finally, Fig. 2 for the clarity depicts the histograms of the intra-annual distribution of average monthly
values of EET for all four localities being investigated. As it follows from this figure, from February through
December values of EET in Kojori is lower than at all stations in the limits of Thilisi. Only during January
values of EET in Kojori are higher than in the airport.

Conclusion

The detailed study of the bioclimatic resources of Georgia over the visible long term will make it
possible to increase substantially attractiveness level of the acting and promising health resort and
tourist zones and the objects both for populating of this country and its guests.
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CpaBHUTE/bHbIC AHAJIU3 CPEAHECYTOYHbIX 3HAYCHUH IKBUBAJICHTHO-
3¢ ekTUBHON TeMIiepaTypsbl Bo3ayxa B Touamncu u Kogxopu

K.P. Xa3zapan3ze

Pe3rome

[ moaTBepKACHUSI MPUMEHUMOCTH LIKAIbl YKBUBAJCHTHO-3(p(eKTUBHON TeMmmepaTrypsl BO3Iyxa
(EET) xax OMOKIMMATHYECKOTO IOKa3aTelsl B CYTOYHOM MaciiTade BpeMEHH, NpeACTaBIeHBI Pe3yIbTaThl
M3y4eHus cBs3u cpenHecyTouHbix 3HadeHui EET B TOmmmcu co cMEpTHOCTBIO HaceleHUs 3TOTO TOpojaa OT
CEepIICYHO-COCYAUCThIX 3a00eBanuii. [TomydeHo, uTo 3aBucUMOCTh cMepTHOCTH OT EET MMeeT kitaccuueckuit
BUJ - YOBIBaHHE CMEPTHOCTH OT Ipaflalliil ‘‘pe3KO XOJOAHO” M0 “KOM(OPTHO” ¢ AaJbHEHIINM POCTOM IO
rpaganun “teruio”. Takum oO6pasoM, cymectBytomias mkaida EET BrnomaHe npuemiiema sl OLIEHKU CTETIEHN
ee BO3/ICUCTBHSI Ha 3/I0POBbE JIIOJICH U B CyTOYHOM MacIiTade.

[MpoBeneH CcpaBHUTENBHBIM aHamM3 cpenHecyTounblx 3HadeHuit EET B Towmmuen (3
METEOPOJIOTHIECKHEe CTaHIMK — BammmmkBapu, TOMIMCCKUHN TOCYIapCTBEHHBIN YHUBEPCUTET, T OMIMCCKAN
asporiopt) u B Komxopu (TopHBIH KypopTHBIN nocesok B 10 kM ot rierTpa Tounucu). B wactHoCTH TIOKa3aHo,
yro 3HaueHus EET B ypOaHusupoBaHHOW uactu ropoja TOwiucu (BanummmpkBapu, yHHBEPCHUTET)
CYIIECTBEHHO OTJIMYAIOTCS OT MX 3HA4YEHUH 3a mpenenamu ropoga (Aspomnopt, Komxopu); B Komkopu e
HaAOJIONAIOTCSl HEeraTUBHBIE Uil 3[0pOBbs Jroznedl Beicokue 3Hauenuss EET, momaparomue B auanaszoH
“Tenmo”.
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ABSTRACT

The work is dedicated to the memory of Boleslovas Styra, an outstanding Lithuanian scientist, founder of
new direction of atmosphere physics - nuclear meteorology. His role in the formation, development and the
modern evolution is noted of this direction of science in Georgia.

Key words: Nuclear meteorology, atmospheric radioactivity.

Boleslovas (Balys) Styra

Date of Birth: September 9, 1912 - February 12, 1993
Place of birth: Leningrad (St. Petersburg)
Activities: Habilitated Doctor of Geophysics, Physics and Mathematics,

Professor, Corresponding Member of the Lithuanian Academy of
Sciences,
Twice Laureate of the State Premium of Lithuania
Honor: Memorial Board (Vilnius City, Paneriai Subdistrict / Paneriai)

Boleslovas (Balys) Styra was born in St. Petersburg (Russia), a family of Lithuanian emigrants. In
1937 graduated from the Faculty of Physics at Leningrad State University (now St. Petersburg State
University), worked as a teacher of physics and assistant of the Atmospheric Physics Department at the
University.

During the Second World War, he was mobilized and took part in the defense of Leningrad. Worked
in the Leningrad Front Hydrometeorological Service Board. In 1944 B. Styra returned to Lithuania. He was
appointed director of the Kaunas Geophysical Observatory. In 1946-1963 he worked as a senior researcher at
the Institute of Geology and Geography at the Lithuanian Academy of Sciences. He was the head of the
Department of Atmospheric Physics of the Institute of Geophysics since 1952. And - Deputy Director for
Scientific Work since 1957.

In 1947 he defended doctoral dissertation on physics and mathematics at Kaunas State

University. He taught high mathematics at the Lithuanian Academy of Agriculture (now
Aleksandras Stulginskis University) in Kaunas in 1947-1957.
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In 1947-1964 worked at Vilnius University. In 1953-1960 he was the Meteorology of the Vilnius
University, Head of Department of Hydrology and Climatology since 1961. During the reorganization of
educational institutions, B. Styra's work and duties were changed several times.

In 1963-1965 he worked at the Botanical Institute (now the Botanical Institute of the Natural
Research Center) as Head of Sector, from 1965 to 1967 — in Lithuanian Academy of Sciences (Head of the
Department of Applied Nuclear Physics and Radioisotopes Application Bureau), in 1967-1977 - Deputy
Director of the Institute of Physics and Mathematics and Head of the Department of Atmospheric
Radioactivity, in 1977-1993 - Deputy Director and Head of the Division of the Institute of Physics [1-7].

B. Styra was the editor of the continuing scientific publication "Atmosphere Physics", scientific
consultant of the "Lithuanian Soviet Encyclopedia” Since 1973. In 1953 B. Styra was awarded the Docent, in
1964 — was awarded the Professor's name.

In 1965 the researcher has been awarded the title of the honored worker of a science.

In 1976 he was elected as correspondent member of the Lithuanian Academy of Sciences, in
1980 the name of the Lithuanian Nature Conservation Label is given.

In 1983 the literature index "Boleslovas Styra = Bonecinas Cteipo’* prepared by Senior Research
Worker Ingos Blaziené, Institute of Labor and Social Research, Vilnius was published [1]. The index was
published by the physicist, habilitated doctor of sciences Viktor Luciano in the Lithuanian and Russian
languages, presents the main dates of life and activity of B. Styro, recorded in 1939-1981. Professor's
scientific and scientific publications [http://www.vilnijosvartai.lt/personalijos/boleslovas-styra/].

Scientist died in 1993 February 12.He is buried in the Antakalnis Cemetery in Vilnius.
2007 September 28 in Vilnius, on the building of the Institute of Physics, Savanoriu pr. 231 (Paneriai
eldership), commemorating the 95th anniversary of the birth of B. Styras, a memorial plague unveiled to the
scientist [5].

B. Styra's creative heritage consists of about 300 scientific articles. The main areas of scientific work
are climatology, atmospheric radioactivity issues, research into radioactive contamination in the atmosphere
[8]. He has written monographs "Voprosy yadernoy meteorologii” [9], “Yadernaya meteorologiya” [10],
"Samoochishcheniye atmosfery ot radioaktivnykh zagryazneniy" [11]. There were publications of
“Radioaktivnost' atmosfery i meteorologiya” [12], “Geophysical problems of krypton-85 in atmosphere”
[13], “Izotopy ioda i radiatsionnaya bezopasnost™ [14] (all Russian books). For scientific works B. Styra in
1959 and 1975 the Lithuanian State Premium were awarded [1-7].

B. Styra was the creator of the new direction of atmosphere physics — “nuclear meteorology”
[9,10,15-17], that designates number of the problems of the study of the radioactivity of the atmosphere in
connection with the meteorological processes, proceeding in it. It notes that artificial radionuclides can be
used as the tracers for studying the motion of air masses.

The creation of this direction preceded the significant number of works of B. Styra, his Lithuanian
associates and scientists from other countries on a study of the atmosphere radioactivity [8]. It was in
particular noted that the atmosphere is the medium, where the process of appearance and of decomposing the
radioactive isotopes continuously continues; it was assumed that the air composition is not constant and that
its continuous fluctuations — law of the life of the atmosphere; it was indicated that further studies in this
direction will lead to the discovery of a new number of reactions and transformations of the air substance in
atmosphere. The great attention was paid to the possibility of substantial changes in the composition of
atmospheric air under the effect of the space and radioactive radiation. It was indicated the prospect of the
using a natural and induced activity of air, as the tracers for studying the dynamics of air masses,
atmospheric turbulence, different microphysical and dynamic processes, which take place in clouds and etc.
The need for the intensification of studies to discover the role of atmospheric radioactivity of its total ionic
balance, in the formation and development of precipitations, etc., was noted.

At the end of June the beginning of July 1960 in Vilnius was conducted the conference on
actinometry questions, atmospheric optics and nuclear meteorology, which was called by the institute of
geography and geology of Lithuanian academy science together with the radiation subcommittee and the
commission atmospheric physics of the Science Soviet Academy, by the administration for the
hydrometeorological service of USSR and by the establishments of the ministry of higher education of
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USSR. In the work of the section of nuclear meteorology was accepted the participation more than 70
representatives from different scientific organizations. Review on the theme the "Basic Problems of Nuclear
Meteorology" was read by B. Styra. It was separately noted in the report, that strongly enlarged studies of
radioactive phenomena in the atmosphere give possibility all questions, connected with these phenomena, to
isolate into separate independent discipline "Nuclear Meteorology"”. The basic tasks of this discipline and
the possible methods of their solution were designated in the report [15]. Practically, at this conference the
term “Nuclear Meteorology” was legally designed.

Studies of the natural radioactivity environment in Georgia have been conducted for a long time. The
determination of the content of radioactive elements in the waters of Georgia is conducted since 1912
(mainly the radioactive elements of the uranium series: uranium, radium and radon). At the end of the
Thirties of past century these works of the institute geophysics were continued, and was including a study of
rock radioactivity, [18-23].

At the end of the Thirties of past century the work was begun in the institute of geophysics on the
investigation the rock radioactivity and mineral sources in the territory of Georgia. In this direction was
studied the content in them of radium, elements of the group of uranium, its salts and emanations [18-23].
Later, in the Sixties of past century began works, with the active participation of Lithuanian scientists (Styra
B., Vebra E., Sopauskas K., etc.), to the direction of nuclear meteorology [24-28]. For the first time in
Georgia with the use of a aircraft laboratory were studied the vertical profiles of the short-lived decay
products of radon in the lower five-kilometer layer of the atmosphere, the estimations of turbulence factor
according to these profiles were carried out. On the basis of the data about the content of the decay products
of radon in the drops of clouds were carried out the estimations of the coagulation values coefficient of cloud
drops with the solid particles [24-28].

In the seventieth-eightieth years of past century these works were significantly enlarged [29-38]. In
this case special attention was given to a study of the natural radioactivity of cumulus clouds, to the
determination of different microphysical and dynamic characteristics of clouds according to the data about
their natural radioactivity [30-38]. Together with this was studied also the content of nonradioactive aerosols
with a diameter of more than 0.7 um in free-atmosphere conditions and clouds [37,38].

So, in the work [33], aircraft sounding of cumuli clouds in the eastern regions of Georgia during
1973-1977 about 70 vertical distribution profiles of radon decay products a-radioactivity for cloud drops and
50 profiles for the cloud medium were obtained. It was determined that in cumuli in a developed phase there
exist 4 types of natural radionuclide vertical distribution. It was established that the accumulation of natural
radioactivity takes place mainly in the lower part of the cloud, incidentally the radionuclide accumulation
level appears to grow with the cloud power. The radioactivity of cloud drops on the average decreases
greatly with height in the lower part of the cloud, and in the middle and upper parts it changes vertically
insignificantly. The value of the specific radioactivity of the cloud water in different parts of the cloud varies
on the average from (4.4+0.9)-10° up to (1.2+0.2)-10° Ci/g. The parameter of the nonradioactive removal
of radioactive aerosols by drops and the effective rate of the vertical air current in cumuli clouds were
calculated. Estimation of the radon current through the cloud bottom was performed.

There are presented the results of the investigation natural radioactivity in cumuli at different phases
of their development [34]. It has been established that in the process of the development of clouds general
accumulation of radioactivity takes place, which in the developed period mounts to the values sometimes
exceeding 1-107 Ci/m?, and subsequently the decrease of the radioactivity is observed. In all the experiments
concentration of the radioactive substances decreased with height. After the artificial destruction of the cloud
"radioactivity track" still exists for about 20 min with the subsequent dispersion. The estimations of the
coefficient of nonradioactive removal of radioactive aerosols and the rates of vertical currents during
different phases of clouds have been performed. It was shown that the coefficient of nonradioactive removal
of radioactive aerosols is higher in the process of growth and approximately by 30% lower in the period of
cloud disintegration.

A nonstationary equation of vertical distribution of natural radioisotope aerosols in cumuli, assuming
the constant velocities of up-currents with the absence of the side drawing, is solved [32]. It is presented The
equation, describing vertical radioactivity distribution on cloud drops. These equations make it possible to
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determine the distribution of nonradioactive aerosols in cloud air. The data received show the cloud
radioactivity to very sufficiently up to one third of its height and subsequently remaining the same, while
nonradioactive aerosol concentration decreases significantly more. Vertical distribution profiles of
radioactive and nonradioactive aerosols coincide in general, but nonradioactive aerosols with the run of time
accumulate in larger amounts. Aerosol accumulation, at nonradioactive removal coefficient being constant,
depends sufficiently upon the velocity of up-currents. Aerosol accumulation grows together with the
nonradioactive removal coefficient. The obtained distribution profiles of radioactive and nonradioactive
aerosols have analogous character and coincide with the experimental ones within the limits of measuring
error.

Under the leadership of B. Styra in institute of geophysics of Georgian academy of sciences two
Ph.D. dissertations were defended:
Khundzhua T.G. — Nekotoryye rezultaty samoletnykh issledovaniy raspredeleniya yestestvennoy
radioaktivnosti v nizhney polovine troposfery, (1968)
Amiranashvili A.G. — Issledovaniya yestestvennoy radioaktivnosti kuchevykh oblakov, (1978)

The combined analysis of the aircraft experiments of aerosols in the atmosphere and clouds was
carried out in the monograph [38]. In particular, there were given the data about the influence of convective
cloudiness on the content of radioactive and nonradioactive aerosols in the atmosphere (table 1). As it
follows from this table content of the aerosols of all types in the cloudless atmosphere lower than with the
presence of cloudiness. The height of the layer of the atmosphere is 5 km for the radon decay products, and
3 km - for the nonradioactive aerosols.

Table 1

Content of natural radioactive and nonradioactive aerosols in the column of atmospheric air with a single
cross-section in cloud days with comparison to the cloudless days (%)

Optical measurements of

Radon Aerosols in different ranges of sizes, a | di
decay Calcium Lead radius - pm aerosols, a radius - Um
products 0.35:1.0 | 1.0:2.0 >2.0 0.1:1.0 >1.0
133 104 147 121 113 200 124 193

It was also obtained that the value of the coefficient of nonradioactive removal of radioactive
aerosols by cloud drops A, the effective upwash velocity of air in the cumulus clouds W, the speed of the
flow of radon through the unit of the area of lower cloud base E; depend on the vertical extent of the clouds
H (H from 600 to 1800 m):

A=(9.6-H-1)-10"sec?
W =(0.38 - H-0.12) m/sec
Er=0.5-(0.38 - H-0.12)-10° Ci/m?

Besides aircraft studies of the radon decay products in the atmosphere, similar works were conducted
both in surface boundary layer [18,39,40] and also in air of karstic caves [18,41-44].

Preliminary studies of radon in the human habitat in different regions in Georgia (habitable and public
rooms, Thilisi subway, etc.) were carried out in 2001-2002 [45-47].

Later there was realized in Georgia the large-scale monitoring of radon in the soil, drinking water and
air of apartment houses; were built the maps of the distributions of radon in the indicated media; the
connections of the content of radon with the metastasis of lung cancer were revealed; also recommendations
were given regarding the protection of population from the dangerous levels of the content of radon. The
chemical composition of drinking water simultaneously was studied, were conducted the measurements of
the gamma-radiation of soil and walls of the rooms of the houses, content of light ions, meteorological
parameters, etc. [48-52]. Traditionally were examined the general problems of radiology [53,54].
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Studies of radon not only as the tracer of different atmospheric processes, but of processes, which
take place in the earth's crust (prognostication of earthquakes, etc.) and the hydrosphere are carried out [55-
64].

Enumerated above works were carried out in the correspondence with the traditional concept of
nuclear meteorology (common analyses of the natural radioactivity of environment; the use of radioactive
isotopes as the passive tracers of different processes, which take place in the earth's crust, hydrosphere and
atmosphere; study of ionizing emissions from the point view of action to the health of people, etc.).

Additionally, to the indicated works, in the recent two decades in the institute of geophysics are
conducted studies of the natural ionizing emissions as the active components of the atmosphere, the capable
of changing or of modifying its different properties (in our case - microphysical and electrical characteristics
of clouds, formation of secondary aerosols, etc.). Push at the beginning of these studies, in particular, were
works [65-67]. Thus, there was shown in the work [65] that the freezing point of the radioactive drops of
water is higher than nonradioactive; There was revealed in the work [66] the role of radon as the accelerator
of the formation of condensation nuclei. Effects of radioactive fallout on increasing of lightning frequency
after Chernobil catastrophe studied in [67].

It should be noted that the general prospects for the studies of natural radioactivity as the active
component of different processes taking place in the atmosphere, to the author of this work had luck to
discuss with B. Styra, who even at the end of the fifties of past century indicated the importance of the
similar studies [8].

Thus, here were represented some results of studies of the connection of beta radioactive fallout with
the thunderstorm and hail activity of clouds in Georgia [68,69]. In work was study [68] the role of artificial
ice forming reagents and radioactive intermixtures in the variation of convective clouds thunderstorm and
hail activity. According to Dusheti data mean monthly daytime intensity of thunderstorm discharges is in
direct correlation with a thunderstorm day duration and a value of beta-radioactive fall-out, and in inverse
correlation with atmosphere aerosol pollution (correlation coefficients are equal to 0,62, 0.5 and -0,54
respectively) [69].

In work [70] it is shown, that under the condition of eastern Georgia radon and tropospheric ozone
play important role in the formation of secondary aerosols. In particular, as follows from table 2, value of
atmospheric aerosol optical depth (optical active aerosols) is directly connected with the summary content
of radon in the five-kilometer layer of atmosphere. The correlation of radon with the large aerosol
particles is insignificant (R — coefficient of linear correlation, a - level of signification).

Table 2

The statistical characteristics of the summary content of radon (Q.,) and aerosols with the diameter more
than 0.7 mecm (Qa, 10° m) in the five-kilometer layer of atmosphere and atmospheric aerosol optical depth
(AOD). Georgia, Kakheti region, aircraft and ground-based studies 1972-1977, 11 cases [70].

Parameter Qa, 10°m?? Qq, 10° Bgm™ AOD
Mean 4.45 3.68 0.176
St Dev 1.08 1.62 0.046
Min 6.24 6.6 0.222
Max 3.1 1.11 0.042
Correlation Matrix
Q.. 10°m? 1 No sign No sign
Q.. 10° Bk m? 0.14 1 a=0.1
AOD 0.21 R =0.56 1
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A scheme of the interaction of atmospheric aerosols and convective clouds and also generation in the
atmosphere and clouds of condensation, crystallization nuclei and ice crystals with allowance to ionization
and electrization processes occurring in the atmosphere has been proposed [71-73].
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Fig. 1. Scheme of the convective clouds - aerosol interaction and formation of condensation and
crystallization nuclei and ice crystals in the atmosphere and clouds. IN - ice nuclei; IC - ice crystals; CN -
condensation nuclei

This scheme (fig. 1) shows how versatile the relations between processes in clouds and the clear
atmosphere are. On one hand aerosols being modified in the atmosphere and getting into cloud media as a
result of being humidified or interacting with cloud droplets conduce the generation of ice crystals. A change
in the phase state of the cloud media leads to a change in its electric activity (cloud-to-cloud, intracloud,
cloud-to-ground discharges). Discharging activity changes the chemical composition of the cloud media
(formation of nitrogen oxides, ozone, etc.). The mentioned gases together with radon, sulphur oxides and
other components under conditions of a high humidity and cosmic ionization lead to an intensive generation
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of condensation nuclei. Condensation of water vapour on these nuclei leads to local oversaturations,
activation of inactive aerosols in the interdroplet media and generation of crystallization nuclei and ice
crystals, i.e. again to a change in the phase state of the cloud media. At the same time the effect of high
0zone concentrations on inactive soil aerosols in the interdroplet media activates them in the sense of the ice
formation [38]. Phase transformations and ionization processes lead to changing of the electric activity of a
cloud and the cycle repeats anew. Breaking through the troposphere strong vertical air flows can carry into
the stratosphere considerable amounts of water vapour, aerosols, ozone, SO,, NOy and other admixtures.
Thus cumulus, big convective and thunderstorm clouds in addition to direct climatic effects (solar radiation
attenuation, precipitation, near-ground temperature changes, etc.) can considerably contribute to variations of
the chemical composition of the atmosphere and the content of aerosols in it. The latter also affect radiative
forcing and climate change.

In the last ten years was continued the study of the influence of the ionizing radiations (radon,
gamma-radiation, cosmic rays) on the formation secondary aerosols in the atmosphere according to scheme
gas— particle. It is obtained that all types of the indicated ionizing radiations are the catalyst of the
formation of sub-micron aerosols from the gases [74-84].

The special features of the effect of the radio nuclide emission in the formation of secondary
aerosols in the conditions of Thilisi city (Thilisi type of smog) are revealed (table 3,4; fig.2,3).

Table 3

Linear correlation between radon content in air and some parameters of atmosphere in Thbilisi in 2009-
2011 (daily average from 9 to 18 hour, Rmin = 0.05, o = 0.07) [80]

T — air temperature; U — relative humidity; P — atmospheric pressure; V — wind speed; Os - surface ozone
concentration; Rn — radon content in air; N — concentration of submicron aerosols with diameter >0.1
mcm; N(+/-) — sum small ions content in air; Q — sum solar radiation intensity; q — intensity of galactic
cosmic rays.

Parameter T U P \Y/ O3 N N(+/-) Q q
Rn -0.39 0.32 0.29 -0.36 -0.47 0.43 -0.55 -0.41 0.34

Table 4

Statistical characteristics of gamma-radiation of soil and content in air of radon, sub-micron aerosols and
small ions in 20 locations of Thilisi in 2009-2011 [80]

Parameter Gamma-radiation of Radon, Bg/m?® Aerosol, cm™ Sum ions, sm™
soil, nSv/hour
Average 81.9 6.3 3638 492
Min 53 14 750 200
Max 109 16.0 9000 1200
St Dev 10.9 3.0 1928 251
Cv 13.3 47.4 53.0 51.0
Correlation matrix
Gamma-radiation 1 0.37 0.24 -0.15
Radon a=0.05 1 0.70 -0.51
Aerosol o =0.1 o =0.0005 1 -0.48
Sum ions a =0.35 a=0.001 a=0.001 1
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Fig. 3. Formation of secondary aerosols and of small ions in air under the effect of the ionizing
radiation in the conditions of the strongly contaminated atmosphere (Thilisi type of smog)

Intensification by the ionization of the aerosol pollution of the atmosphere under the conditions of
Thilisi is so strong which this leads also to worsening in the quality of air in the aspect of its ionic
composition also. As a whole the Thilisi type of smog is characterized by the impossible under the natural
conditions feedback of the content of radon, gamma-radiation and cosmic radiation with the concentration of
light ions in air, caused by the formation of secondary aerosols in the quantity, which in conjunction with the

usual particles is capable of joining more ions to itself how them it is formed with the ionization [76-84].

The well-known balance equation relating the formation and disappearing of light ions n, taking into

account the influence of the ionizing radiation on the formation of secondary aerosols, can take the form:
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dn/dt=g-a"-n%-B-S:n-B-N(g)-n

where: g is the intensity of ion formation, a’- recombination coefficient, S - usual aerosol
concentration, N(g) — secondary aerosol concentration as g function, p and p” - coefficient of the capture of
light ions by usual and secondary aerosols respectively. Depending on the nature of the connection between
g and N(g) under the conditions of the strongly contaminated atmosphere (similar to Thilisi) negative
correlation between g and n is completely possible (fig. 2,3). So, Thilisi type of smog can occur also in other
strongly contaminated cities and environments.

In the locked spaces (living quarters, cave, mine, etc.) the high concentrations of radon create direct
radiation exposure on the health of people [41-52]. In atmospheric air the direct radiation effects of radon for
the health of people are completely insignificant because of their small concentrations.

However, in contaminated air an increase in radon leads to an increase in the content of secondary
aerosols and the decrease of the concentration of light ions (i.e., to worsening in the quality of air, table 3,5;
fig. 3). In the final - this is negative influences on the health of people (table 5).

Table 5
Linear correlation and multiple linear regression between daily (average from 9 to 18 hour) values of some
atmospheric parameters and 24 hours’ quantity of calls of fast medical aid (A) and the cases of
hospitalization (H) in Thilisi into 2009-2010 [80]

Y=aT+b-U+c-P+d-V+eOs+fRn+g-N+hN(+/-)+i-Q+jq+k

Parameter T | U] P [ V] 06 [ RR | N [Nt)]| Q | ¢

| variant Correlation matrix (R min =0.14, a = 0.05), 211 cases
A -0.48 0.28 0.10 -0.19 -0.12 0.16 0.21 -0.09 -0.40 -0.57
H -0.03 0.01 -0.17 -0.12 0.16 -0.06 -0.04 -0.17 0.02 -0.19

For A, (Coefficient of determination R?=0.579; a = 0.01); For H, (R?=0.205; a = 0.01)
Share within the limits of variation scope, %

A 28.0 0.4 16.4 9.0 7.8 43 1.0 11.7 1.3 31.6

H 131 14 18.0 10.7 18.2 0.7 10.6 19.7 17 11.3
Il variant Correlation matrix (R min = 0.15, a = 0.05), 169 cases, Oz > 20 mcg/m?®

A -0.43 0.20 0.00 -0.07 0.22 -0.05 0.16 0.07 -0.34 -0.63

H -0.11 0.12 -0.18 -0.13 0.21 -0.09 -0.06 -0.19 -0.06 -0.18

For A, (R?=0.617; .= 0.01); For H, (R?=0.28; .= 0.01)
Share within the limits of variation scope, %

A 28.4 131 21.9 8.9 12.0 3.5 5.2 7.4 13 21.7

H 17.6 12.7 23.0 10.5 15.8 3.0 5.0 22.6 25 6.0

In table 5 there are presented data about linear correlation and multiple linear regression between
daily values of some atmospheric parameters and 24 hours’ quantity of calls of fast medical aid and the cases
of hospitalization in Thilisi [80]. In the upper part of the table (I variant) the calculations for all cases of
observations are given, in the lower (11 variant) - with the mean daily concentrations of ozone > 20 mcg/m®.

In particular, in the first variant the significant correlation between the pairs Rn - A, N - A and N(+/-
) - H are observed; in the second variant - between the pairs N - A and N(+/) - H.

As follows from this table the contribution of variations in the concentration of light ions to the
changeability of a quantity of cases of hospitalization is sufficiently essential (20 and 23 % for first and
second variants) and commensurate with the contribution of such atmospheric parameters as the air
temperature (13 and 18 %), atmospheric pressure (18 and 23 %), surface ozone concentration (18 and 16 %).

The influence of changeability of ion concentration on the quantity of calls fast medical aid is
somewhat less (contribution 12 and 7%). The directly contribution of variations in the content in air of
radon and secondary aerosols into the changeability of A and H is considerably lower than ions. Thus, in
contaminate air variation of radon content influence on the physiological state of people indirectly, through
the variability of the ion concentration.
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Recently, work is continuing to study the effect of natural ionizing radiation on climate
change and its individual components. For instance, the paper [85] considers the results of the study of
the connection between annual variations of intensity of galactic cosmic rays and the changeability of
cloudiness and air temperature in 1963-1990 in Thilisi. The statistical characteristics of the indicated
parameters (trends, random component, linear correlations between real and random components, etc.) are
studied. In particular, we established that the correlation of the real values of cosmic ray intensity with the
real values of total cloudiness is positive, with lower cloudiness — is not significance, with air temperature —
is negative. The correlation of the random components of the intensity of cosmic ray intensity with the
random components of lower and total cloudiness — are positive, with the air temperature - is negative.
Within the variation range the contribution of the studied parameters to air temperature variability is as
follows: real values of total cloudiness- 5.0%, random components of lower cloudiness — 1.0%, real values
and random components of cosmic ray intensity - 3.0% and 4.1%, respectively.

Boleslovas Styra was in love with his work, was honest, fundamental, always highly valued its
colleagues, was responsive and simple in the intercourse with them. His dear expression at the scientific
discussions was "A that they will say my wise men? = A uto ckaxyT mou myapennr?”, "Let us listen to, that
will say my wise men = IMociymraem, 4ro ckakyt Mou myapernl’. He brought up a whole cohort of the
scientists, with many of whom the author of this work, still being the graduate student of B. Styra, was
favored the honor to have direct practical and friendly contacts. His followers possessed the same special
attractive charm as B. Styra's itself. Unfortunately, many of them left this peace, bright by them memory. B.
Styra was an exemplary family man, he loved guests and was hospitable proprietor, adored his wife Tatiana
and son Dmitrijus. His salient qualities always served as an example for the author of this work, which he
tries to adhere to this day.
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To the Memories of T. Khurodze (1949-2017)

Teimuraz G. Bliadze

M. Nodia Institute of Geophysics of I. Javakhishvili Thilisi State University

ABSTRACT

The biographical information about the scientific worker of N. Muskhelishvili Institute of Computational
Mathematics of Georgian Technical University T. Khurodze and the brief survey of scientific works,
executed as a result of her long-standing collaboration with the department of atmospheric physics M. Nodia
Institute of Geophysics of 1. Javakhishvili Thilisi State University is presented.

Key words: atmospheric processes, hail, ecology, air pollution

T.Khurodze was born 1949 November 2. After completion of
secondary school she enters to the division of physics and mathematics of
Thilisi State Pedagogical institute and in 1973 obtains qualification
mathematics. In the same year she begins to work in the Computer Center
of the Academy of Sciences of Georgia (subsequently the N.Muskhelishvili
Institute of Computational Mathematics, and now the N. Muskhelishvili
Institute of Computational Mathematics of Georgian Technical University).
Already its first works concerned such important and interesting themes, as
abounds machine building and technical cybernetics [1,2]. Then it is
interested in the application of some concepts and characteristics of
cybernetics for the solution of the different problematic problems of the
economy [6,8,9].

At the end of the eightieth years of past century T. Khurodze
connects its fate with Albert Nodia, colleague of Institute of Geophysics.
Not without the influence of the scientific interests of husband, she begins to
be occupied by such questions of atmospheric physics as a study of the
changeability of number of days with the hail also of their statistical characteristics in Kakheti, also, on
entire Georgia in the different time of the year [4,5,7,10-15,17,21,34,35 ]. This thematic became the basis of
its dissertation work "Analysis of the statistic structure of the number of days with the hail into the warm
season of year in Georgia", which she presented in the competition of the scientific degree of the candidate
of physics and mathematical sciences and successfully protected it in 2005 year.

Besides this direction as a result of long-standing collaboration with the department of physics of
atmosphere of M. Nodia Institute of Geophysics of I. Javakhishvili Thilisi State, T. Khurodze participates
also in the studies of electrical conductivity of air and of electric field strength in the atmosphere [16,19,33
], studies the possibilities of applying the statistical methods for predicting the lasting changes of air
temperature [28-31] and the influence of some astro-meteo-geophysical factors on the health of population
[20,22,23], touches on other interesting questions of physics of clouds, aerosols, precipitations,
anthropogenic air pollution, etc. [3,24-27,32]. T. Khurodze was a participant in many scientific conferences.

Besides the science, Tamila Khurodze was occupied by pedagogical activity, working as the teacher
in Mathematics Public School No 63. For increasing the qualification in this field with the center of
pedagogical studies and professional development and in Grigol Robakidze University she studies courses
"Reading and letter for the critical thinking" and "Composition and the development of school curriculum®.

In spite of the very loaded personal daily graph of life she was very direct and sociable with all.
Having outstanding health, for all she was unexpected contingency the break of aneurysm, which happened
of it in autumn this year. Intensive medical interference did not unfortunately have a success. It was
impossible to save she. T. Khurodze buried in Thilisi on the Kukia cemetery next to the husband. We all, its
associates, that knew and worked next to it, we will always remember this cheerful, always affable woman.
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