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faithful to science, knight of honour and conscience.

On the Characteristic Functions and Parameters of Different Kind
of Thermodynamic Systems: Experiment, Observation, Theory

Anzor |. Gvelesiani

Mikheil Nodia Institute of Geophysics of Iv. Javakhishvili Thilisi State University
1, Alexidze Str., 0160 Thilisi, Georgia, e-mail:<anzor_gvelesiani@yahoo.com>

ABSTRACT

The paper consists own results of laboratory experiments, results of wellknown other works using by us for
introduce corrections and interpretations of some of them proceed from common point of view. There are
discussion and comparison all of them with each other, in the light of classical works. In the first part of the
article, briefly, is given the original laboratory bubble boiling method for modeling (BBMM) of vertical
convective motion of two phase homo- and heterogeneous fluids (Georgian natural waters were investigated.
The rest part of paper is devoted to the studying of thermodynamic parameters of systems, studying in
geophysics and other ranges of science, technology, metallurgy, physical chemistry. In particular, except
above-mentioned water solution, there are considered phase transformation processing in the following
way: crystal = liquid — vapour and in the opposite direction. Thus, it is obtained similarity between: (1)
Van-der-Waals (P,V)-phase diagram, stress-strain diagram (o/¢), modelling earthquakes, and reconstructed
by us figures (MPa/porosity) and (C;l,T )-reverse heat capacity-temperature diagram for glycerin, CsHgOs,
and (h, E)-, dependence between depth of cosmic rays penetration into the Earth atmosphere and their
energy; (2) space-time change of parameters of cosmic rays, solar wind, Fio7 and ultra-violet radiation, and
temperature-time change of nucleation of melted piperin, C17H1sNQs, in glass-like crystal state, and sulfides,
arsenides, sulfates; (3) change of number of sunspots, W, and geomagnetic activity,C,, in time,

reconstructed by us (here), are in a good agreement with (AT, t); (4) (BBMM) bubble-boiling method, may
be used for modelling of verrical convection, first of all, in the geo- and solar atmosphere; theoretically is
confirmed our conclusion about Van-der-Waals-type and Tammann-type thermodynamic phenomena in
geophysical spheres, metallurgical and physico-chemical investigations. It is necessary to note that well
known Tammann’s curve is not Gaussian one.

Keywords: glass-like state, convection, thermodynamic system, phase, bubble boiling, nucleation, magma,
volcano, cosmic rays, magnetic field, solar wind, sunspot, alloys, modelling.

1.Introduction

It is necessary to note that every review and last monographs, devoted to the geophysical problems are ended
with words about urgent necessity of new experimental investigations all the more that thermodynamics first
of all is experimental science. Vertical motion of the thermals in different geophysical spheres: in the
atmosphere, oceans, mantle, Earth’s liquid core etc., caused by the Archimedes force in the gravity field is a
general element of any scale of the fluid convective motion. Experimental modelling of this type convective
flows is the most actual one in geophysical spheres, different physical-chemical and technical processes
equally [1-47].



Thermodynamic laws are empirical exceptionally, therefore they may be considered with using different
ways, which, of course, are equivalen. It would be great mistake to be carried away the mathematics and
forget about physics [15]. In this article, it is analyzed results of discussion some published important works
and our investigation of thermodynamic parameters of natural waters of Georgia. Even this simplest case of
vertical one-dimensional two-phase motion reveal a rich wealth of hydrodynamic regimes and phenomena.
It is necessary to note that we did not discover any case of an infringement of the linear law of obtained
original universal experimental curves (T, t), (AS, T), (t, p) and (T, p) of natural waters or artificial water
solutions at the points of the second kind discontinuity. Thus, side by side well-known method of similarity
and dimensional analysis, we have new original method, which effectively used in our work, and may be
applied to investigation fluids convection in different geospheres: liquid core of the Earth, mantle plumes,

magma of volcanoes, thermal and mineral waters, geysers, clouds and thermals in low atmosphere and
upper one, cosmic rays, solar wind etc.

2.Construction of original universal experimental curves.

2.1. Fig. 1-5 show temperature-time dependences for natural waters: (1) spring of t. Tsalka (21.5 min), (2)
the Black Sea, t. Anaklia (17 min), (3) sulphuric water of the Lake Lisi (14.5 min), (4) sulphuric waters of
the old Thilisi bath-houses (11 min); (5) honey water solution (7 min). In brackets given beginning of their
bubble boiling moment.

This time signed below as “dsc” — the second kind discontinuity of these curves.
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Fig. 1- 5. Experimental dependences (T, t) of heating of natural waters solution and water solution of honey
of different density: (1) p=1. 0 g/lcm?, (2) p = 1. 02 g/cm?, (3) p = 1.07 g/cm?, (4) p = 1. 08 g/cm?; and (5) p

=1.27 g/cm®.
[ 1 1 (53 | :}'AJ_LJ[]? - . 3
¢ i e P s R I e s
! 0 ¢ TP e 2 N
e e & I ET € 6l LPHHHH
- 2 - | 1 > 197 \\‘l
g 33 4 4 l‘ 4 * t 4 —————-H
s " 2 I | PECHE L < 12t i el B
2 ara I o ™1 T LT T 1 il \ g E 0]
T 313 ma /! | HENEN !‘ [ NS
P H 5 R ¢ s FRTH
o 293 ‘ 2 I T ] E 1] J EREEE
S N & e ©
8 it ey i fHE TR n&Ll::% NENEN ANREEE]
0 Y 10 ]§ “ B w woow W 1.0 105 11 115
Time, tkink’ min Temperature, T ok °K Density, p x 10} kg/m?

4



(a) (b) (©
Fig. 6. Universal curves of the parameters characterizing the change of bubble boiling regimes: (T, t)asc, (b)
(AS, T)asc, (€) (t, p )ase; 1 - spring of t. Tsalka (21.5 min); 2 - the Black Sea water near t. Anaklia (17 min); 3 -
sulphuric water of the Lake Lisi (14.5 min); 4 - sulphuric waters of the old Thilisi bath-houses (11 min); 5 —
water solution of honey (7 min).

Dependences of investigated liquids thermodynamic characteristics in points of the second kind of
discontinuity (dsc): (T,t)ds-, (AS, T)asc-, (t, p)asc- curves have linear character (Fig. 6).
For example, empirical formulas at a power of heating the vessel with liquid of optimal volume [22] of (T,
)dsc-, (AS, T)asc-, and (t, p)asc, of (Fig. 6a,b,c) are following:
Tasc =To+ oAtasca, To=293 K, 0 =2.86 K/min; (1)
ASdsc= ASo +B Tase,  ASo=60J/K, B=2.7IK? (2)
(pasc- 1)/a + tase/b =1, a=0.18g/cm® b=215min.  (3)

Represented below (AS, T)- and (T, t)-curves very clearly show the points of the second kind of
discontinuity.
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Fig. 7. (a) (AS, T) — entropy-temperature dependence: at the heating intensities: g = 75 J/s (A- branch); g =
47 JIs (B-branch), and q = 35 J/s (C-branch), respectively; (b) (T, t) — temperature-time dependence for q =
47 JIs).

As it is seen, Fig. 7 shows that: (a) (AS, T)- curves have only one, (T2)as, point of discontinuity while (b) (T,
t)-curve has two points of the dsc, Ty, ¢sc = 40 °C = 313 K, and T2, ¢sc = 80 °C = 353 K. If (AS, T)-dependence
to express in degrees of °C for To > 10 °C, then in this dependence is revealed the Ty, gsc = 40 °C = 313 K, too.
A- and B- branches coincide. At To<10 °C, if in formula AS = AQ/T the temperature were taken in °C
(instead of °K), then the entropy “does not loose” the first point of discontinuity, Tqsc = 40 °C. This may be
allow us to expand the laboratory method of modeling the convection in different geophysical environments
for obtaining of dsc-points. BBMM method allows us to definite a density, at least, of any substance water
solution using our universal experimental (T, /p)dsc CUrve.

Thus, test of artificial natural and mineral waters solutions, shows, for example, that measuring of
temperature near the break (discontinuity) point (during some minutes after completion) were enough to
obtain sufficiently full information about change of bubble boiling regimes, unknown density of solution etc.

Thus, the proposed method of bubble boiling allows during 7-20 minutes to determine enough accurately the
density of water solution of any substance.



For example, water solutions of laundry salt (NaCl) and honey of the same volumetric density (p = 1.03
g/cm3) are identical by three measured parameters (T, p, t) and calculated entropy AS(T) on the dependence
plot Tasc(pasc) and T(t). Experiments on specially prepared samples of water solutions of honey with mass
multiplicity (0:1:2:3:4:5) g /300 g of water confirmed excellently the discovered pattern (Tasc/pasc): 80°C/1.0
g —70°C /1.0 g —60°C /1.0 g —50°C /1.0 g —40°C /1.0 g (compare with Fig. 5¢ (1)).

2.2. Let us calculate a quantity of heat (Q) conducting through the side of cylindrical glass

T-T,
dQ =)\ q A Sside,

temperature (constant along the height (h) of the glass), Tair is the laboratory air temperature practically
maintained constant before the end of bubble boiling process (100°C) at the condition of where A is the heat
conductivity of the glass; d is the thickness of the glass side; T is glass temperature at an open window of
the laboratory. Thus, we have

dT
Q=- XW 21Rpoth, 4)
where dT/dr is an air temperature gradient at the side of glass, Ruot is a radius of the glass bottom, h is the

height of water in the glass. There are possible two cases: (a) dT / dr < 0 or (b) dT / dr = 0. Then, in the first
case

T
Qi=mc AT +AmL + lc(ij— 2nRpoth + MC'AT; (5)
r

in the second one we have (it is suggested that there is not a heat flux through the side of the glass)
Q2=mc AT + Am L + Mc'AT, (6)

where M = 300 g is the mass of the glass; ¢’ =0.779 J / (g - K) is the glass heat capacity; for usual glass, A1 =
0.7J/(m-s+K)=0.007J/(cm - s - K); and for quartz glass, A, =1.36 J/ (m - s*K) =0.0136 J/ (cm - s - K);
AT=90°C;d=0.3cm;S=nR%  h=8cm,m=300g; Am=230g; Rpst=3.45cm;p=1g/cm’c=1cal/g
"K=4.19J/(g-K); L=225102J/9; Wo=103J /s, Wpot =47 J /s.

Substituting the numerical values of parameters of ambient and researched thermodynamic object into
above-mentioned expressions for thermo-balance gives following results:

Q1=(300-4.19 - 90 + 30 - 2.25 - 103+ 0.007 - (90 / 3) - 27 - 3.45 - 8 + 185 - 0.779 - 90) J =
(113130+ 67500 + 36.4 + 12970.35) J = 193636.75 J;
Q2 = (113130 + 67500 + 12970.35) J = (180630 + 12970.35) J = 193600.35.
or
Q1 =193636.75J; Q2= 193600.35.

As it is seen, a loss of a heat through the sides of the chemical glass is infinitesimal and is equal to 0.02 %.

Q'1=(300-4.19-90 + 30 - 2.25 - 103+ 0.0136 - (90 /3) - 27 - 3.45 - 8 +185 - 0.779 - 90) J =
(113130 + 67500 + 72.8 + 12970.35) J = (180630 + 72.8 + 12970.35) J = 193673.15 J;
Q'2=(300-4.19 - 90 + 30 - 2.25 - 103+185 - 0.779 - 90) J = (113130 + 67500 + 12970.35) ] =
(180630 + 12970.35) J = 193600.35 J.
or
Q1 =193673.15 J; Q"2 = 193600.35 J.

2.3. Step-by-step calculation of heat balance (To , T'asc, T"dsc, Tb, t).

2.3.1. (To, T'4sc, t) Thermal mode and the smallest bubbles.
To=10°C, T'4sc = 40°C, t = 7 min.



Q11=(300-4.19-30 +0.007-(30/3)-2n-3.45-8+185-0.779 -30) J = (37710 + 12.1
+432.3) J = 38154.4 J,
Q21 = (37710 + 432.3) J =38142.3 J.

Q11=38154.4J; Q2 =38142.3J.

2.3.2. (T"asc, T" asc, t) Transform to mode of large bubbles.
T'dsc = 40°C, T"asc = 80°C, t = (25 — 7) min = 18 min.
Q12=(300-4.19-40 +0.007 - (40/3) - 2m-3.45-8+185-0.779 - 40) J = (50280 + 16.12
+576.4) J =50872.52 J;
Q22 = (50280 + 576.4) J = 50656.4 J.

Q12 =50872.52J; Q22 =50656.4J.

2.3.3. (T" s, T, t) ragime of the largest bubbles.
T"gsc = 80°C, Tp=100°C, t = (42.5 — 25) min = 17.5 min.

Q13=(300-4.19-20 +30-2.25-10%+0.007 - (20/3)-2n-3.45- 8 +185-0.779 - 20) J
= (25140+ 67500 + 8.06 + 288.2) J = 92936.26 J;
Q23 = (25140 + 67500 + 288.2) J = 92928.2 J.

Q13=92936.26 J; Q23 =92928.2 J.

2.4. Now consider the dependence of liquid overheat by its heating from bellow at the bottom of the flask on
the intensity of liquid boiling away (Am/At). What is the temperature (T) of the flask bottom?
Heat amount, q = AQ/At, coming in a unit of time from a heater through the flask bottom
in the water, equals to:
AQ/At =T — Tp)S/d, (7)

where Ty, —the boiling point of water, A — the coefficient of thermal conductivity of glass, d —
thickness of glass at the bottom of vessel, S —the area of the flask bottom.
Suppose, all input energy in the flask is discharged on water evaporation

LAm =W At, (8)
here L — hidden heat of vapor formation, Am — evaporated during the time At the mass of water, W — heater

power (J/s).
From here we have

T=Tp+ dLAm’ ©)
ASAt
or
T=Tp+d-W/QA-S), (10)
Overheat of bottom layer of water in the flask can be expressed as:
AT=d-W/QA-YS), (12)

where A = 0.7 V/(m*K) = 1/600 cal/(cm-K); d =0.3cm, S=nR? h=8cm,m=nR?>hp =300¢; p =
1g/cm®, c=1 cal/g’K, =103 J/s.
Using above mentioned characteristics of our thermodynamic system we obtain

AT=d-P/(A-S)=0.3-103/(0.7 - 300/(8-1)) = 1.18 °C. (12)



First bubbles of large size (beginning of fluid bubble boiling process) (the temperature of water in a volume
at first 5 min was 30 °C) appears during overheat of bottom layer of water in the flask, heated from bellow
on the electric hot plate , AT = 1.18 °C. Then, after 5 min measured temperature was equal to 40 °C and so
on.

2.5. Initial fluid temperature in the flask was always equal to the air temperature in the laboratory of thermal
vacuum chamber T = 10 °C (winter period). Based on the investigated by us original method of bubble fluid
boiling the series of experiments has been performed to investigate thermodynamic parameters of natural
waters in Georgia (thermal waters, mineral waters, mountain springs, sea and lake waters) and artificial
solutions. To complete the thermodynamic picture we calculate, in the system of units S, total amount of
heat, transferred to liquid thermodynamic system in time At = 2400 sec, starting at initial temperature of To =
10 °C to the moment T, = 100 °C, intense bubble boiling, AQ = mc (Tx ~To) = 0.3 - 4.2 - 10% (100 °C - 10
°C) = 113.4 kJ. After dividing the received heat on time At = 2400 sec, we get for intensity of heat q = AQ/
At of an investigated object the value q = 47 J/sec. Compatible our calculations with observations in Iceland
[16].

2. 6. Geysers. Geophysical peculiarities.

Geysers are underground reservoirs filled with ground water and heated by intense source of heat below the
surface. The exit of them to the surface is going through a narrow channel, in the "quiet" period almost
completely filled with water. "Active" period comes when water boils in the underground reservoir, and
during the eruption of the geyser a channel is almost completely filled only with vapor, which is released
outside. We’ll estimate what a part of water is lost during one release. (The height of vapor fountain is h, =
10 m), if at the depth of geyser channel h; = 37m water is heated up to 140°C.

Let’s consider that specific temperature q of water vapor L = 2.25-10° J/kg. Atmospheric pressure is normal,
Po=1.015-10° Pa.

Liquid starts boiling at the moment when the pressure of saturated vapor inside the bubbles of gas (which are
in liquid) becomes equal to external pressure. In our case pressure differs from the atmospheric one be the
value of hydrostatic pressure created by water column in the geyser channel. Therefore, the water
temperature in the geyser reservoir must be higher by the value of AT than the temperature of boiling water
under the normal pressure, equal to 100°C.

When water column in a channel at the time of water boiling is released outside, vapor pressure and liquid
temperature are decreased up to atmospheric pressure and the boiling point at normal pressure, i.e. up to
100°C. Amount of heat mcAT released during temperature drop of all water mass in a reservoir is used for
evaporation of some part Am and message about its potential energy equal to Amg (hl + h2).

We note that “active” period of geyser is very rapid and takes relatively short time (compare with the
intensive bubble boiling process in the laboratory vessel with water or any liquid). “Quiet” period is more
long process where repeated warm-up of all water mass in the underground reservoirs happens through
thermal conductivity. Water mass by the underground water inflow restores its initial reserve.

The heat sink at the moment of eruption can be neglected and we can consider that eruption happens by the
internal energy of water in geyser reservoir.

We have

mc AT =Am [L + g (hs + h2)], (13)
where L is a latent heat of the water evaporation.
For AT = 140°C — 100°C = 40°C, ¢ = 4.19 kJ/(kg - K), L =2.25-10° J/kg

Am__ CAT  CAT  AMyn00h ~750%.  (14)
m L+g(h+h,) L m

3. Ocean. Heat flux. Geophysical peculiarities [20].

3.1. The surface layers of the acting ocean are stirred by the winds and undergo a regular cycle of convection
and restratification in response to the annual cycle of buoyancy fluxes at the sea surface. The buoyancy flux,
B, is expressed in terms of heat and fresh water fluxes as
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B= i[%H +p0,BSS(E—P)J, (15)
Po \ Cw

where C,, = 3900 J Kg* K is the heat capacity of water, H is the surface heat loss, E — P represents the net

fresh water flux (evaporation minus precipitation). Over the interior of the ocean basin, heat fluxes rise to
perhaps 100 W m2 in winter, and E — P = 1 m yr 1, implying a buoyancy flux B ~ 10® m?s3, Unlike the
upper regions of the main thermocline where mixed layer h < 102 m ), at the convection sites the
stratification is sufficiently weak, N/f = 5-10, and the buoyancy forcing is sufficiently strong, > 107 m?s?,
corresponding to heat fluxes as high as 1000 W m2, convection may reach much greater depths h > 2 km).
This results were discussed in our article [24].

B thermal boundary rhermal boundary ;
i layer layer
= =

O C:)QI{’) free c;;r;:cﬁcm ) & f ‘ ,. e ’
‘1— o ) 2

——

[y
ﬁkmnliomll ly controlled
b} layer

Sl

¥,

Fig. 8a. Convection in an ocean surface turbulent layer according to [20].

3.2. Convective phenomena of conductive fluid placed in external magnetic field (see ref. of [44]) and in the
convective zone of the solar atmosphere under the photosphere [37]. Compare turbulent layers on surface of
ocean (Fig. 8a) and zone of convection in the solar atmosphere (Fig. 8b).

Below are adduced some other results, where effect of the magnetic buoyancy is seen clearly both: (a)
calculation of the plane solar magnetic field (sunspots), [44], and (b) the space solar wind, [49].

Fig. 8b. Pictures: (1) — formation of sunspots by the solar toroidal magnetic field,
according to Parker (1955), [50]; (2) three-dimensional solar wind, according to
Neugebauer (1999), [49].



4. Van der Waals-like a brittle fracture (¢/€)-dependence, according to [19, 27].
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Fig. 9. (a): Van der Waals’ pressure-volume (P, V)- type diagram the ((c/cy)?, (€/€y))-one [27]; and (b):
stress-strain ((o/oy), (€/€y))-diagram for a brittle solid [19].

The author of [19] sees the similarity between the diagram of the stress-strain process which take place in the
rocks during the earthquakes and the pressure-volume one of water-vapor phase transformation during the
bubble boiling process [27] (compare with above mentioned our BBM method [21-25] and Figs. 10-12).

40
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o o Mo Rowigatic: G > KIkgK)
= 3 pie 3k )
= o Gliropi Flesrei 1) Spatks 1978
5 30 up.. > 2) Sparks etal. 1994
- + Santorini 3) Gardner et al. 19%
‘3 \ O Montsermt ;
= 25 41 W Mt St, Helen’s s
2 \ |2 S Heens 2F 2
=
=
g G
= i
= % M
: 07 70 0 300 K
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Porositv
(a) (b)

Fig. 10. (a) — Results of [17], after remake, show Van der Waals-type “metastable” parts of the curve
when right-side experimental points were taken into account. (b) — (Cp, T)- and (C;l,T )-reverses heat
capacity-temperature diagram for glycerin, CsHgOs, (see ref. of [46]).

As can be seen, the experimental plots of the dependences of mirror reflection of some of parameters: (S, t),

(S, V), (g, p) (N, t), (o, €), (1, p) in the processes of phase transformation (boiling, glassy state etc.)
demonstrate the “Van der Waals”- and “Andrews”-type forms (see [17, 19] and Figs. 9 -12a).
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4.2. The samples used in the present study were collected at seven different volcanoes or volcanic centers
and represent a broad range of composition and porosity (2 - 85 vol.%). The experimental data (representing
approx. 400 experiments) show a strong relation between porosity and the fragmentation threshold at 850 °C.
(Note that porosity/100 is plotted at the x-axis.) The grey box shows the range of different earlier
fragmentation criteria defined by bubble coalescence [34] and shear induced foam instability [35].

5. Tammann curve’s-type of nucleation of piperin crystals in glassy state [36].
This form of experimental curves proved to be very important in the present side by side Van der Waals one.
Both of them plays important role in different scientific and technical spheres.

Na, € > (1),
B | B B - “ - .Q(‘).
y 1

1404 N,
1201
1001

PIPERIN

g

(@) (b)

Fig.11. (a) Tammann’s (Np, t)-piperin nucleus number-temperature curves [36];
(b) shows the Tammann’s (N, t)-curve in center and added p(t)- and Q(t)-curves
for different natural waters and artificial solutions of different concentration.

It is very interesting to note that Tammann’s exactly this, (40-80) °C, temperature interval of piperin crystals
nucleation ([36]) coincides with the curves (T, t)asc Of Fig. 1-5 having the“dsc’’ points of discontinuities in
the same (40-80) °C interval, [21-25].Fig. 11 shows the temperature change of glycerin in crystal (1) and in
glassing liquid (2) states at the normal atmosphere pressure, respectively. Ty is the equilibrium temperature
of melting and Ty is the temperature of the glassy structure formation.

For the rate of the crystal nucleation, J, in the supercooled melts we use simplified formula [6]:

Jdt=K exp(— E—_‘J exp(%]dt , (16)

where U, is the energy of activation of phase transformation I — II, As—minimal free surface

energy of the crystal form, K is constant, T is temperature, k is Boltsman’s constant. For nucleus
of spherical shape and averaged Qs, o, and d, instead of (16) we have

Jdt:Kexp{—{u—'+Lz}}dt, (B:@(M) GS-I;SZJ. a7
kKT (T,-T)°T 3k\d Q.

Now, though the values of U, and B are unknown in every separate case, nevertheless, one maydefine the

bounds of their values, if instead of unknown the boundary energy crystal/melt in the expression of B, (17),
were taken the surface tension. Calculations showed that theoretical (J, T)-curve [6] has the same shape as
obtained by Tammann and his pupils on the base of numerous experiments [36].
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Below Van der Waals’ and Tammann’s-type curves (Fig. 12) and (Fig. 13) are represented, respectively.
They are in accordance with suggested classification of geophysical phenomena by force of their
thermodynamic nature. In Fig. 12 upper curves of ion intensity-years (I, Y) arrange [as (P, V) for
temperature, growing from below upwards before critical point in case of real gases (in thermodynamics)]
and for h, depth of ions penetration into the Earth atmosphere (in case of cosmic rays). Visually behaviors of
above described ion phenomena are similar. The lower, sunspot-years (W, Y) - and geomagnetic activity-
years (Cp, Y)-curves are in a good accordance with each other during solar 11-year cycle (1950-1951). It
would be interesting to attract once more Fig. 8b, Fig. 11 and Fig. 12.
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Fig. 12. Values of W, I, C, — sunspots, cosmic rays intensity at different
depths of penetration into atmosphere, geomagnetic activity during 1950
-1961 (Neher, Anderson, 1962; Thule, Greenland, AB USA).

To the Tammann’-type curves are belonged the curves the Solar Fio7 and UV- ultra-violet radiation
as it is clearly seen from Fig. 13. And not only the very hot solar plasma radiation, but also, of all hot alloys
structural and thermal parameters have the same, Tammann character (Fig. 14-17).

130

Ratlo days N/113 of 1974

Days 1974

Fig. 13. Correlation of extreme ultraviolet with F107 (Manson, 1976)
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At last, consider some results from monograph [43], devoted to transformation of sulphides, arsenides and
sulphates under mechanical and thermal influences. Obtained there graphical illustrations about structural
and thermal characteristics of natural or artificial samples are also just Tammann’s-type curves. Compare
calculated, according to the formula (17), crystal nucleation-temperature (J, T)-dependence [6], Fig. 14-16,

Fig. 11, 13 and Fig. 17.
1404 Np .cm™
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Fig. 14. Theoretical curve of intensity of crystal nucleus against
temperature of supercooled melt according to [6]was used by us
in order to construct Tammann’s well-known experimental curve

for piperin (Fig. 11) [36].
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Fig. 15. Temperature dependence of crystallization rate of acetanilide —dinitrophenol
benzyl [36]. A—acetanilide; B—binary eutectic of acetanilide with dinitrophenol; C-
ternary eutectic. All of them are Tammann’s-type curves, as we see, too.

06

M
751 min

171
5

0
C
00 800 900 1900 1900 1200

13



Fig. 16. The rate of spherolit glass needles growth against the
temperature ((RG,T) -dependence.
The length of spherolit needles measured by means of microscope and rate RGmaxWas ~ 20 w/min (ref.[36]).

520 7

Fig. 17. Structural and thermal characteristics of realgar (As, S) and products

of its mechanical processing. 1 — initial, 2-7 — activated (min) in 2-5 — water

(0.5; 2; 7; 15), 6 —air (7), 7 — combined (14) environments; a difractograms;
b, c — DTA-curves (platinum and quartz crucible furnaces) [36].

6. Conclusions.

Thus, it is obtained similarity between: (1) Van-der-Waals (P/V)-phase diagram [19], stress-strain diagram
(o/€), modelling earthquakes [27], and reconstructed by us figures (MPa/porosity) [30-34] and (C;l,T )-

reverse heat capacity-temperature diagram for glycerin, CsHsOs, [46] and (h, E)-, dependence between depth
of cosmic rays penetration into the Earth atmosphere and their energy [42,41]; (2) space-time change of
parameters of cosmic rays, solar wind, Fio7 and ultra-violet radiation, [37-42] and temperature-time change
of nucleation of melted piperin, C17H1sNOs, in glass-like crystal state, [36], and sulfides, arsenides, sulfates,
[43]; (3) change of number of sunspots, W, and geomagnetic activity, C, in time, [42], reconstructed by us

(here), are in a good agreement with (AT, t), [25]; (4) (BBMM) bubble-boiling method [21, 22] may be used
for modelling of vertical convection, first of all, in the geo- and solar atmosphere, [21-25]; theoretically is
confirmed our conclusion about Van-der-Waals-type and Tammann-type thermodynamic phenomena in
geophysical spheres, metallurgical and physico-chemical investigations. It is necessary to note that well
known Tammann’s curve is not Gaussian one.
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O xapakrepucTHYeCKMX QPYHKIUMAX U MapaMeTpax
TEPMOAMHAMHUYECCKUX CUCTEM PA3JIUYHOH NPUPOABIL:
IKCIEPUMEHT, HA0JII0IeHHs], TEOPHSs

A. . I'Bestecuann

Pe3iome

PaGora comepskuT COOCTBEHHBIE HOBBIC pPE3YJBTAaThl JTAOOPATOPHBIX  OKCIEPHUMEHTOB W HX
uHTepnpeTanuii. O000MArTCsl XOPOIIO U3BECTHBIE PE3YNIBTAThl APYTUX paboT, UCTIONB3YEMBIX HAMU JIJIsI
BHECCHHS B HUX KOPPEKTHB TEPMOJJMHAMHYECKH C €IMHON TOYKH 3PEHUS, B CBETE KIIacCHYeCKuX pador. B
MEepBOM YaCTH CTaThU KPATKO OMHCBHIBAIOTCS BO3MOKHOCTH MOJICITMPOBAHMUS BEPTHKAIBHONW KOHBEKLIUH B
nByx(}a3HOil MHOTOKOMIIOHEHTHOW TeKyueil cpene gaboparopubiM MetogoM (BBMM).OcranbHast yacTsb
CTaThU TIOCBSIIEHA HCCIICJAOBAHHUIO TEPMOJUHAMUYECKUX CBOMCTB OOBEKTOB reo(u3nveckux, (HU3NKO-
XUMHUYECKHUX, TEXHHYECKHX HayK, MeTtaiutyprud u ap. YcranosieHo: (1) cxoactBo (P/V)-muarpammsi
Ban-nep-Baasbca ¢ (o/€)-auarpamMmoii HanpsbkeHue-aehopMans ¥ yTOUHEHHBIME HAMH JTHarpaMMaMu

(AP/(AVIV)) naBneHne-mopucToCcTs M (C;l,T) oOpaTHas TeIIOEMKOCTh-TEMIIepaTypa Ui TJIUICpUHa,

CsHsOs, (h, E)-3aBucumoctu riayOuHBI TPOHUKHOBEHHS B aTmocdepy 3emiiM KOCMHUUYECKHX Jy4edl OT
sHeprud; (2) CXOICTBO NPOCTPAHCTBEHHO-BPEMEHHOIO XOJa IapaMeTpoOB KOCMHUYECKHUX JIy4eH,
conHeyHoro Berpa, Fio7 m Y® pagmammm ConHua C HyKiIealueil paciulaBIeHHOW MacChl IHIEPHHA,
C17H19NO3, B cTEekii0o00pa3HOM COCTOSHHHM, W CO CTPYKTYpHO-TEPMUYECKUMH XapaKTePHCTHKAMH
cynbuI0B, apceHnmoB, cyiabdaros; (3) rpaduueckas 3aBUCHMOCTh YHCIA COMHEYHBIX msteH, W, u
reOMarHUTHOH aKTHBHOCTH, Cp, OT BpPEMEHHU, PEKOHCTPYHPOBAHHAs HAMH (371€Ch), XOPOLIO COTTIacyeTcs

¢ 3aBucuMocThio (AT, t); (4) opuruHanbHBI MeTOA Iy3bIpbKOBOro KureHus (BBMM), MoxeT oka3arbcst
MOJIE3HBIM JIJISI JIAOOPATOPHOTO M YUCIICHHOTO MOJICIIMPOBAHMS BEPTHKAIBHON KOHBEKITUH B Teocdepax u
arMocdepe Connua. TeopeTuyecku MOATBEPAKIACTCS HAllle 3aKJIIOUYEHHE O CXOJCTBE siBIeHUM Ban nep
Baanbca n TammaHa ¢ COTBETCTBYIOIIMMHU SIBIICHUSIMU B PAa3IUUHBIX reocepax, METaJUTypruu U pU3HuKo-
XMMUYECKUX HcclenoBaHusiX. HeoOXoauMo OTMETUTD, YTO XOPOILIO W3BECTHAsI KpuBasi TaMMaHHaA He €CTb
I'ayccoBa kpuBas.
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ABSTRACT

Using a regional model of atmospheric process in the Caucasus and equation of transfer-diffusion of passive
contaminant the distribution patterns of dust dissipated in the atmosphere of Kakheti are obtained.

It is shown that dust dissipated from cities in the atmosphere is basically concentrated in boundary layer.
Maximum values of dust are concentrated in 100 m surface air layer. Spatial dust distribution region
increases and concentration decreases along with height increase. Urban influence zone is determined. It
equals to 20-30 km for Thilisi, approximately 10 km for Rustavi and for other cities does not exceed 2-4 km.
Kinematics of dust propagation is studied. It is determined that in 2-100 m layer of atmosphere the process
of turbulent diffusion take precedence in the process of dust propagation. From 100 m to 1 km the processes
of diffusive and advective transfers are identical, while above 1 km the preference is given to advective
transfer.

Key words: air pollution, equation of mass transfer, numerical simulation, maximum allowable
concentration

1. Introduction

Kakheti is the eastern near-border region of Georgia. Its area is 11,3 thousand km?. It is one of the
most important parts of Georgia from the viewpoint of agricultural production and resort-recreational
destination. That is why study of background pollution and propagation of polluting agents in Kakheti region
is of great ecological importance.

Today there are no air polluting powerful enterprises of industrial purposes located at the territory of
Kakheti. Pollution of the atmosphere takes place in big cities — Thilisi and Rustavi, and also resulting from
regional propagation of polluting agents dissipated in the atmosphere of small cities located in Kakheti and
its adjacent territory.

Based on the fact that there are no ongoing observations over air pollution at the territory of Kakheti,
the numerical modeling of background pollution may be considered as one of the main tools of study of
ecological cleanness of atmosphere. For this purpose is represented the numerical model of expected
pollution of Kakheti region and the level of background dust pollution of atmosphere determined by means
of this model. The polluted air of the cities of Kakhety and in the vicinity of Georgia and Azerbaidjan are
taken as the sources of contaminant in model. The presented article is a firs try of investigation of Kakheti air
pollution

2. Goal setting. The area 236x180 km of size is considered, in the centre of which Kakheti is placed,
while to the west, north and north-west are located the Main Caucasus and Small Caucasus mountain chains,
while to the south-east is placed Shirvan steppe. Orography height varies from 77 m to 3-4 km.

The relief is very complicated here. That is why for proper description of atmospheric processes is
convenient to use the relief succeeding coordinate system ¢ =(z—-o6)/h, where z is vertical orthogonal
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coordinate, § = 8,(X,Y), 80 - altitude of relief; h = H - & ; H(t, X, y) - tropopause height; t is a time; x
and y — orthogonal coordinate axes directed to the east and north.
Equation for dust atmospheric propagation in the taken coordinate system will be written in following
form [1, 2]
ac+uac+vac+(v~v W, aC azc+32c , 1.9 ac
AT Yo - - “ 2=
h’ag " ax2 ay? h2ag ' ot

: 1
ot dX ay @)

where C is dust concentration in atmosphere u, v, w and w are the components of wind velocity along x, y, z
and ( axes; ; Wo - rate of dust particle sedimentation determined according to Stoke’s formula;p and v —
kinematic coefficients of horizontal and vertical turbulence; values of wind velocity and turbulence factor in
near-border layer of atmosphere and in free atmosphere are defined by means of regional model [3] of
atmospheric process development in Caucasus, while in atmospheric boundary layer 100m in thickness —
according methodology developed in [3] and [4].

Numerical integration of equation (1) with the use of corresponding initial and boundary conditions is
executed using Crank-Nicolson method and using the splitting method and monotonous scheme [1].

The temporary variation of concentration in the cities is following:

Crin(tXi, Y11 Z0) if 24n<t<24n+6
Clt X,y 2,) = C,..(t,X,,Y;,Z,) + ACsin(0.5m(t-6)/3) if 24n+6<t<24n+9
Vet =0 x, Y, z,) if 24n+9<t<24n+21

Coin(t,X,,Y,,2,)-ACsIn(0.5m(t-21)/3) if 24n+21<t<24(n+1)

where Cpin (6, Xi, Vi, Zg) and C (L, X, Yi, Zo) are the maximal and minimal concentrations of pollutant

substance in the points of source; X; and y; are the coordinate of cities; index i denotes the city,
AC= Cmin (t, Xi’ yi’ ZO) - Cmax(t’ Xi ) yi 1 ZO) , Zo=2m; Cmax (t1 Xi J yiv ZO) and Cmin (t’ Xi’ yi! ZO) are
equal to 0.8 and 0.2 parts of the monthly mean concentration in city i, respectively. The data of National
Environment Agency [5] are taken as the initial and boundary value of the monthly mean concentrations at a
height of 2 m in atmosphere at the territories of Thilisi and Rustavi, while for territories of other cities, where
the observations over dust pollution was not conducted, concentration values are calculated according to
given methodology [6].

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.

Dust dispersal in Kakheti region is modeled in case of air non-stationary pollution sources. Climate
conditions corresponding for June are taken. Meteorological situation corresponds with western
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.

3. Results of modeling. Results obtained by calculations are shown on Fig. 1-Fig. 7. On these
figures, the values of concentration are calculated in units of daily maximum allowable concentration (MAC
= 0.015mg/m?) of dust.

On Fig. 1 and Fig. 2 is shown the distribution of dust concentration in the atmosphere at different heights
in the midnight (t = O hour), 4 hours after beginning of dispersal. As is seen from drawings, dust
concentrations are virtually equal in atmospheric surface layer at a height of 2 and 10 meters. Dust is
basically concentrated at urban territories and rapidly decreases with the increase of distance from cities. The
value of horizontal gradient of concentration is depended on local orography adjacent to source and on the
direction of background wind.

In case of Thilisi city the concentration at a height of 2 meters from earth surface and at 2 km distance
decreases 10-30 times, while at 2-20 km distance dust content reduces from 0,1 MAC (maximum
allowable concentration) to 0,01 MAC.
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Fig. 1. Dust concentration in atmosphere at the height of z= 2 —a), 10 —b), 100 — ¢) and 600 - d)
meters, when t = 0 hour.
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Fig. 2. Dust concentration in atmosphere at the height of z= 2 —a), 10 — b), 100 — ¢) and
600 - d) meters, when t = 12 hour.
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In case of Rustavi the similar reduction takes place at 2-10 km distance. With increase of
height the area of dust dispersal significantly increases. At a height of 100 meters the dust-loaded
(dust-filled) area forms two basic and one relatively small cloud above Thilisi, Rustavi, the
Georgian part of the Greater Caucasus and above Aghstafa and Kazakh. With the increase of
distance from atmospheric surface layer the dust concentration reduces and becomes insignificant at

a height of 2 kilometers.
At 12 noon when concentration in atmospheric surface layers of cities reaches its maximum the

dustiness zone significantly enlarges. At a height of both 2 and 10 meters, as well as at higher levels the dust
of atmospheric surface layer is dispersed (concentrated) in the northern part of region (Fig. 2), where it
creates the uniform cloud of shaped form, in which the concentration changes from 5 MAC to 0,001 MAC.
Size of the area, where C > 0,01 MAC is minimal at a height of z = 2 m, increases with distance from earth
surface and reaches maximum value in 100m <z < 600m layer. In atmospheric surface layer the dust as a
united cloud, is dispersed in south-east direction and is located above central part of region (Fig. 3). The
value of concentration decreases in upper part of boundary layer. Above 2 km the value of dust concentration
is less than 0,001 MAC.

R g L, S0\
10 20 30 40 50 60 70 80 90 100 110

Fig. 3. Dust concentration in atmosphere at the height of z=1 km —a), 1.5 km —b), 2 km —c) and 3
km - d) meters, when t = 12 hour.

On Fig. 4 and Fig. 5 are shown the dust concentrations in atmospheric surface sub-layer and boundary
layer, when t = 21 hr. For this moment of time at urban territories at a height of 2 m the dust concentration is
maximal and starts to decrease in time. When comparing Fig. 4 and Fig. 5 with Fig. 2 and Fig. 3 one can see
the changes taken place during 9 hours. Namely, the area with ¢ > 0,01 MAC is reduced in atmospheric
surface sub-layer and is enlarged in 100m = z< 600m layer. Differences between concentration
distributions above 600 m are insignificant. Obtained result is caused by daily variations of thermal, dynamic
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and turbulent field. Their daily variations are big in atmospheric surface sub-layer, gradually decrease in
boundary layer and are getting small in free atmosphere.
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Fig. 4. Dust concentration in atmosphere at the height of z =2 —a), 10 — b), 100 — ¢) and 600 - d)
meters, when t = 21 hour.
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Fig. 5. Dust concentration in atmosphere at the height of z=1 km —a), 1.5 km —b), 2 km —c) and 3
km - d) meters, when t = 12 hour.

On Fig. 6 and Fig. 7 is shown spatial distribution of dust concentration, when t = 24 hr. As is seen,
concentrations in atmospheric surface sub-layer are significantly reduced directly on urban territories and are
22



less decreased at their adjacent areas. Concentration change is also small in upper part of atmospheric surface
layer. Mentioned effect shows us the inertness of spatial distribution of pollution.
Analysis of calculation results, which were carried out for second day (24hr <t < 48hr) showed that quasi-
periodical change of dust co)ncentration takes place in time and it changes a bit in the space.

a, C)
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Fig. 6. Dust concentration in atmosphere at the height of z =2 —a), 10 — b), 100 — ¢) and 600 - d)
meters, when t = 24 hour.
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Fig. 7. Dust concentration in atmosphere at the height of z=1 km —a), 1.5 km —b), 2 km —¢) and 3
km - d) meters, when t = 24 hour.

Dust mass is concentrated in the central part of Kakheti region and covers major part of region’s territory.
But, the concentration ¢ > 0,01 MAC is obtained only at the territories of contaminated cities of Thbilisi,
Rustavi and other small atmosphere-polluting cities, as well as roughly at the territory of 300-400 sg. km
around them.
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4. Conclusions. Conducted numerical modeling showed that quasi-periodical dust distribution is
formed at the territory of Kakheti under conditions of stationary western winds and non-stationary dusting of
cities. Kinematic analysis of dust dispersal process showed that in 100 m atmospheric surface layer the basic
mechanism of dust dispersal is represented by vertical and horizontal turbulent diffusions. The share of
advective transfer and turbulent diffusion in the boundary layer of the atmosphere is approximately equal,
while in the free atmosphere advective transfer is dominant.

There were determined the areas, where dust concentration varies in a range of C > 0,01 MAC. This
area in case of Thilisi and Rustavi is located within a circle of 20-30 km radius and 10 km radius from city
boundaries, respectively. In case of small cities the zone with C > 0,01 MAC is located within circle of 2-4
km radius. Concentration values are near 0,001 MAC at greater distances from cities.

When considering various practical ecological problems, we often need to know background
concentrations at the adjacent territory of cities. Today, the urban background concentrations or even 0 are
taken as background concentrations for these territories that is not completely reasonable. Studies conducted
in this article give us an opportunity to determine the values of background concentrations at the adjacent
territories of cities. In particular, in the zones 20 km, 10 km and 2-4 km width, adjacent to Thilisi, Rustavi
and small cities, respectively, 0,03 of daily MAC should be taken as background concentration, and 0,01
MAC - beyond these zones.

Conducted modeling is the first ever theoretical study of air purity at adjacent territories of Georgian
cities. Obtained results showed that for territories with compound relief forms is expedient to conduct
calculations with less than 2 km horizontal step (spacing). It is necessary to carry out experimental
observations of air pollution and to compare theoretically calculated concentrations with values obtained via
field observations.
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IIpocTpaHCcTBEHHOE pacnpocTpaHeHue NbLIM B atMochepe B Kaxeru B
C/Iy4ae HeCTALUOHAPHBIX HCTOYHMKOB 3arpPsi3HEHUA

A. A. Cypmaga, H.I'. 'uraypu

Pe3rome

C moMOIIBI0 PETHOHANBFHOW MOJAENH pa3BUTHS aTMoc(hepHBIX mporeccoB Ha KaBkasze m  ypaBHEHUS
neperocca u audPy3un MpuMecH MOTyIeHbl TPOCTPAHCTBEHHBIE PACIIPEICIICHNS MTBUIA Ha Pa3HBIX BBICOTAX
B atmocdepe Kaxeru. [lokazaHo, 4TO OCHOBas Macca TBUIM CKOHICHTPUPOBaHA B MPU3EMHOM CJIOE
atMocgepsl TommmHOoN okoio 100 M. C yhajieHHeM OT MPU3EMHOIO CJIOS PACIIMPSCTCS MPOCTPAHCTBO
pacmpocTpaHeHHs THUTH M YMEHBIASTCsl ero KOHIeHTparus. OmpeneneHbl 30HBI BIMSHHS TOPOJOB Ha
3ambBIICHHOCTh OKpy:katomieit cpenbl. [ r. TOumucu 30Ha BiusHus mpoctupaercs Ha 20-30 kM, IS T.
PycraBu -10 kM, a JUIs OCTIBHBIX MaJIBIX TOPOJIOB - 2-4 KM.

N3yuena kuHemaTHKa Mpolecca pacnpocTpaHeHus nbuid. llomydeHo, uro B HmkHeMm 2-100 M cioe
atMocteps! TypOyneHTHas quddy3us urpaetT npeodIa ayo poiik B Ipollecce paclpoCTpaHEHUS THUTH.
B crnoe or 100 M j0 1 kM BiusHHSA TypOyJIeHTHOH nauddy3un U aJBEeKTHBHOTO NepeHOCa OJAMHAKOBEIC, a
BEIIIIe 1KM aJIBEKTHBHBIN IIEPEHOC MpeodiagaeT Hajl TypOyneHTHOM quddy3uei.
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ABSTRACT

The physical representation of the dynamic picture of the karst development pursues various objectives,
among which, in particular, is to assess the characteristic time scale of their formation. Obviously, this
problem is quite complicated because of the many-sidedness of the process of karsting, proceeding with
both: general characteristics and local features. In particular, karst voids can have a variety of forms, some
of which have some regularity due to similarity with a certain geometric figure. For example, for karst, a
funnel-shaped form with a base on the earth's surface is quite common. The effectiveness of the leaching
factor is directly dependent on the geological quality of the medium and the duration of the action of the
water. It seems that to confirm the uniformity of the mechanism, the action of which leads to the elution of
the solid rock, one can turn to the approximation of the hydrodynamic boundary layer arising when flowing
over a solid surface. The rate of washing out of solid rock from the karstic cavity depends on the flow of
water, which can vary depending on the flow regime. However, we can talk about some average
characteristic, if we assume, for example, that the water movement is laminar. it should be noted that the
value of the rate of karst leaching used for numerical evaluation is very approximate. it nevertheless seems
that with the help of the model we have used, it is possible to obtain more accurate quantitative estimates.

Key words: hydrodynamic, karst voids.

Introduction

Investigation of natural causes leading to the formation of karst voids, formed both on the surface
and in the depth of the Earth, is a common problem of geophysics and hydrogeology. The physical
representation of the dynamic picture of the karst development pursues various objectives, among which,
in particular, is to assess the characteristic time scale of their formation.
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Obviously, this problem is quite complicated because of the many-sidedness of the process of
karsting, proceeding with both general characteristics and local features [1]. Specificity is mainly
determined by local geology and climate, however, not only these factors [2]. For example, there is a
variety in the form of karst voids, noted in spatially separated places, but almost identical in terms of the
action of natural factors [3-5]. In particular, karst voids can have a variety of forms, some of which have
some regularity due to similarity with a certain geometric figure. For example, for karst, a funnel-shaped
form with a base on the earth’s surface is quite common (Fig. 1).

The nose of the funnel can join with the channel of the underground river or a reservoir of
groundwater or with a cave. However, despite the wide variety of forms of karst voids, for everyone there
are common factors that give rise to their formation. First of all, it concerns the universality of the
mechanism of washing out of solid rock, which leads to the appearance of voids. The effectiveness of the
leaching factor is directly dependent on the geological quality of the medium and the duration of the action
of the water. Undoubtedly, under the same hydrological conditions, the process of elution of the rock in
limestone or in sandstone should be more intense than, for example, in basalts. Although porosity, i.e. the
moisture capacity of basalts is higher than that of sandstones and limestones, basalts are also higher in
resistance to shear due to their hardness. It is also obvious that the formation of voids in a solid rock
directly depends on the intensity of atmospheric precipitation, which, in addition to the surface, also has a
deep effect, feeding groundwater. Simultaneously with climatic factors, the process of karst formation is
also affected by the orography of the area, which determines the topology of surface runoff. Moreover, in
direct dependence on orography, there is also a typology of deep water bearing channels (filtration
capillaries) supplying underground reservoirs [3].

The essence of the problem

It seems that to confirm the uniformity of the mechanism, the action of which leads to the elution
of the solid rock, one can turn to the approximation of the hydrodynamic boundary layer arising when
flowing over a solid surface. The general condition necessary for its occurrence in the process of washing
out solid rock with water is certainly present. Because Water is a real liquid, when it moves in karst
cavities of any shape, viscous effects must necessarily occur.

Fig. 2

For a qualitative representation of the karst cavity, it is convenient to use its geometric analogy, for
which one can use a figure whose cross-sectional area decreases with increasing of height. Obviously, in
the case of radial symmetry, such a figure can be a cylinder, which in the limit passes into a cone (Fig. 2).
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Obviously, for the completeness of the geometric similarity of the karst funnel and cone, the latter
must be truncated. It is for the funnel of such a form that a mathematically rigorous analytical solution is

known that determines the thickness of the laminar boundary layer on the inner surface of the funnel [6]
1

2
5, ~ 1.5(M? — M16)z . [vEGna? | 1)
re(5)"
In this expression there are parameters of the cone and the flow of water. In particular: é,is the
thickness of the laminar boundary layer, [, is the distance from the top of the funnel to its arbitrary cross
section of radius Ry, inclusive of the funnel neck, L is the funnel length, [ = L — [, a is the half-angle of

the approximate cone solution, M = IZ" < 1 is a dimensionless parameter present in the mathematical

scheme for solving the problem. The flow velocity through the cone funnel in expression (1) is present
through the pressure drop between the vertex and the funnel base P, and v is the coefficient of the
kinematic viscosity of the water.

It follows from expression (1) that in the case of constancy of the parameters of the approximation
cone and the Kinetic viscosity of water viscosity, the velocity of flow through the funnel will be the only
parameter that controls the thickness of the boundary layer. Consequently, the radius of the truncated top
of the cone can be identified with the radius of the neck of the funnel. For a significant number of karst
craters, this analogy is quite plausible, although in the case of a conventional economic funnel of a
classical shape, the cone-shaped part ends in a fairly long cylindrical leg. The karst cavities may not have
such an end, although they are no less than a conical funnel, similar in shape to a truncated cone.

Thus, the flow of liquid through the funnel is largely determined by the viscous boundary layer
arising on its inner surface. However, the thickness of the boundary layer, in addition to the viscosity of
water, is also dependent on the water velocity. Therefore, the structure of the flow in the funnel should be
quite complicated. In particular, at a distance from the boundary layer, the viscosity effect should decrease
and the likelihood of a laminar flow change to turbulent flow increase. Consequently, based on the degree
of loading (the level of filling the karst cavity) funnel with liquid, it is physically possible to assume the
possibility of realizing various types of motion that can correspond to the following typologically different
patterns:

1. Laminar flow, which can occur only in the case of a weak funnel load in the event that the flow of water
through the funnel is constant. The movement of water in the direction of the neck of the tapering funnel
occurs in the field of gravity. Therefore, laminar flow can theoretically be resistant to small perturbations
only when the pressure gradient is constant between the base of the funnel and its neck. Otherwise, the layer
structure of the flow will be violated, i.e. there will be the possibility of water turbulence. Such a
transformation of the flow structure does not at all mean that the boundary layer on the inner surface of the
funnel must completely disappear. For example, the boundary layer can simply detach from the surface.
However, in this case, you should expect a decrease in water flow in the funnel, which can change the degree
of its load.

2. Mixed forward-rotational motion, which occurs when the load of the funnel increases. Such a movement
primarily means an increase in the transverse pressure gradients in the funnel. Along with the increase in the
volume of water entering the funnel, the violation of the laminar flow structure may be caused to some
extent by the roughness of the surface of the funnel. In the case of a karstic cavity, as an impulse giving rise
to a disturbance of the flow, it may be, for example, a mechanical collapse or the ingress of large stones that
are carried by the flow of water into the cavity. However, the most probable reason for the appearance of
rotational motion in a karstic funnel is the detachment of the viscous boundary layer from its internal surface.
Theoretically, this phenomenon can be considered the beginning of the emergence of turbulent water
movement, when large-scale eddies begin to appear in it. In the karst funnel, the characteristic dimensions of
these vortices must be commensurate with the geometric parameters of the cavity. In the process of
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intensification of turbulent motion in the funnel, one cannot exclude the decrease of the longitudinal pressure
gradient, and, consequently, the flow of water.

3. Fully developed rotational movement, periodically occurs in the funnel at its maximum load, which is
physically real only for a small volume funnel. In this case, it cannot be said that for some time the
longitudinal flow, which determines the flow of water, can be weakened or even completely stopped in the
funnel. However, this hydrodynamic effect does not mean that pressure gradients can completely disappear,
because rotational movement in the funnel will continue. A similar phenomenon sometimes occurs in the
economic funnel, which is tightly seated in the neck of the bottle with an incompletely filled liquid. The
effect of "locking" the funnel is facilitated by the leveling of the longitudinal pressure arising in the field of
gravity due to the increased pressure of compressed air from the side of the bottle (the so-called air cork). In
this case, to continue the process of filling the bottle, it is necessary to raise the funnel, i.e. eliminate the air
plug. Obviously, "locking" the karst cavity can be an extremely rare short-term phenomenon, probably
arising in a funnel connected to an underground water reservoir.

A qualitative picture of washing out the karst cavity

Reducing the flow of water in the karst funnel, up to its "locking", can contribute to those factors
that are able to level the longitudinal pressure gradient. The effect of these factors causes the turbulence of
water, as a result of which large-scale eddies appear, which, over time, are fractured into smaller-scale
vortices. If the fragmentation of the vortices is slower than their generation, the intensity of the large-scale
rotational motion in the funnel increases for a time, which can contribute to an increase in the thickness of
the viscous boundary layer on the inner surface of the funnel. At the same time, it cannot be said that the
boundary layer can completely fill some part of the funnel in the direction of its narrowing and, thus, so slow
down the flow in order to substantially reduce the water flow. Obviously, the probability of such an effect
can be quite high in only a karstic cavity of a small volume. In this case, an unstable flow can arise, which
can be typologically represented as an alternation of the states of "opening” and "locking™ the funnel. As
mentioned above, this situation can arise only if the karst cavity is connected to an underground water
reservoir.

The pulsating character of motion, in comparison with laminar flow, can significantly enhance the
viscous interaction between solid rock and water and, thus, depend on the efficiency of washing out of the
inner surface of the karst. To substantiate this assumption, let us consider a qualitative model that can be
supported by guantitative estimates. It is known that the cause of the appearance of a viscous boundary layer
is the effect of adherence of liquid particles to a solid surface. From a mechanical point of view, this means
that the tangential stress between the water layers is insufficient to overcome the surface friction force that
appears on the streamlined surface. According to Hooke's law, the shear stress is proportional to the shear
strain rate [7,8]

T = Gy. (2
su

In liquids, the shear stress:t = u (@), where u- is the dynamic viscosity coefficient, u - is the longitudinal

velocity, y the coordinate is the perpendicular to surface, G is the shear modulus, y is the coefficient whose
value for the liquid can be taken equal to unity .

It is obvious that the magnitude of the tangential stress depends on the steepness of the profile of the
velocity distribution of the fluid in the boundary layer. Flourishing (2) determines the stability threshold of
static equilibrium in a fluid. Otherwise, if the magnitude of the tangential stress exceeds a certain limit
determined by the shear modulus, the laminar flow structure must change. Therefore, water turbulence will
begin, as a result of which a viscous boundary layer can come off a solid surface. Consequently, the
magnitude of the shear stress is an indicator that determines the moment when the laminar flow regime
changes to turbulent. To estimate the magnitude of the tangential stress between the layers of water, one
must determine its flow velocity. Strictly speaking, for this it is necessary to solve the boundary layer

equation with boundary conditions corresponding to a particular flow problem, which is even an analytically
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insoluble problem even for a stationary flow. However, in some problems, the physical consequences of
which do not require particularly accurate quantitative evidence, one can take advantage of the possibility of
rough estimates. However, these estimates must necessarily follow from a qualitatively correct model. For
the problem of analyzing the action of the hydrodynamic mechanism contributing to the occurrence of karst
voids, in our opinion, this possibility is quite possible. This statement is based on the physical visibility of
the model we use. This facilitates the analysis of qualitative conclusions from the model, without which it is
impossible to judge the reliability of quantitative estimates. The simplicity of our model is primarily due to
the ability to determine the hydrodynamic parameters without a rigorous analytical solution, which is
achieved by the way of using the method of physical analogy, which allows using previously known
analytical results. In particular, in order to estimate the magnitude of the tangential stress from formula (1),
&y can be replaced by a finite linear scale of velocity variation, i.e. Thickness of the boundary layer 6, . In
addition, because the motion in the funnel is due to the action of gravity, at any level of the karst cavity du
can be regarded as the magnitude of the free fall speed. Moreover, for rough estimates, the average values of
these parameters can be quite sufficient: &, and u.

Thus, within the framework of our model it is possible to remain within the limits of statics, i.e. there
is no need to solve the equation of water motion. For example, knowing the characteristic value of the
velocity, it is easy to estimate the magnitude not only of the component of the tangential stress (2), but also
other components of the stress tensor. In a cylindrical coordinate system, these components are determined

by the expressions [7, 8]
= ulr 2 (e 4 10w
Tre = “lrar( or ) +r 6(pJ'

o | 2)+ 22 ®

ou
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Where u,, u, and u, are the velocity components, the coefficient of dynamic viscosity of water.

Without a special assumption, we can assume that the magnitude of any component of the flow
velocity outside the boundary layer depends on the rate of free fall. At the same time, proceeding from the
very essence of the definition of the boundary layer, its thickness should be much smaller than the radius of
the funnel section, at least at a certain distance from its base. However, such an assertion may turn out to be
incorrect due to the narrowing of the funnel near its nose, where the boundary layer can completely occupy
its cross section. In addition, it is obvious that the dependence of the velocity on the azimuth angle ¢ can be
significant only in the case of an inhomogeneous vorticity, the intensity of which must increase in proportion
to the decrease in the cross-sectional area of the funnel. In this case, it is quite right to assume that the value
of the component t,., is significantly higher than the values of the other components of the stress tensor.
Therefore, their influence on the process of washing out solid rock in the boundary layer can be considered
unimportant. This means that the viscous interaction is mainly due to the rotational motion of the liquid in
the plane of the cross-section of the funnel. In the general case, this rotation will be unstable because of its
non-uniform nature. Consequently, the non-stationary picture of the movement of water through the funnel is
represented as a sequence of decaying from large to small vortices. It can be obtained by means of the
kinematic velocity model, used, for example, in the work to simulate the inhomogeneous rotational motion
of an ionospheric plasma in an incompressible approximation [9]

Uy = U —R;_r (cos @ — sin @),
0
U= u~="(cos @ + sin @), (4)
2R,
Uz=u,

Where 0 < r < R is the radius of the cross-section of the approximation cone, and u is the characteristic
velocity.

If the vertical velocity is assumed constant, then it is obvious that the remaining components (4)
satisfy the plane equation of continuity

30



100Vy | 10V _
r or rdp 0, (5)
which is one of the conditions for the dynamic possibility of motion along the model (4). Such a case will
correspond to a qualitative typological picture, the evolution of which should lead to the formation of a chain
of vortices whose linear scale will gradually decrease during the movement of water in the karst funnel (Fig.
3)
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Fig. 3

To quantify the intensity of the leaching process in a karst funnel, as the main linear scale of the
inhomogeneity, one can use the characteristic thickness of the viscous boundary layer in the middle of the
funnel. To estimate it numerically by expression (1), we use the model cone with the following parameters:
L =10m, R = 1m (radius of cone base), sina =~ 0.1, M = 0.5, Ry = 0.5. The coefficient of kinematic
viscosity of water: va 1.3x107°m?s~1. The free-fall speed at the selected cross-section level, which is
related to the pressure drop:

1
2

us= (?) =10ms~1.

We shall regard this quantity as the average characteristic for the entire cone. As a result of substituting
formula (1) for all the numerical parameters, we get that the characteristic thickness of the viscous boundary
layer is &, ~ 1073m. It should be noted that this quantity is of the same order of magnitude, for example,
for the thickness of the boundary layer at Horizontal flat plate. The validity of such a statement is obvious
and the principle of hydrodynamic similarity operates.

To observe it, we must determine the dimensionless Reynolds number corresponding to our model
cone: Rex t—R ~ 8x10°. It is known that in the case of a flow past a flat plate, the thickness of the boundary
layer depends on the square root of the Reynolds number in accordance with the inverse proportionality law
[7,8]. Consequently, for Re ~ 8x10°, the boundary layer on a flat plate, like the thickness on the inner
surface of the model cone, will have a characteristic thickness commensurate with 10~3m.
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Thus, if we take into account some structural monotony of karst craters, which arise only because of
the washing out of different hard rocks, it can be assumed that the characteristic value of the thickness of the
viscous boundary layer on the inner surface of almost any karstic funnel should be within one millimeter.
The model we used also quite clearly represents the mechanical result of the tangential stress effect between
a solid rock and water. Obviously, to effectively wash out the shear stress on the inner surface of the karst
cavity must repeatedly exceed the magnitude of the water shear modulus, which serves as a criterion for
static equilibrium between layers of a laminar viscous fluid. Within the framework of our model, when the
parameters are: u = 10"3kgm™1s™!, u=10ms™! and &, ~ 1073, the characteristic value of the
tangential stress: T = 10 Nm™~2. Obviously, in comparison with the given value, the water shear modulus is
negligibly small: G = 1,3x10™°Nm™2 [10]. Hence it obviously follows that the boundary layer must be
detached from the inner surface of the karst cavity. Also, there is no doubt that the movement of water in the
karst cavity with its significant load, i.e. in the case of a sufficiently intense runoff, cannot be laminar.

Therefore, it is the effect of the separation of the boundary layer, which is the cornerstone of our
model. Its main goal is to determine the characteristic time scale of the change in the volume of the karst
cavity due to the washout effect, i.e. in the assessment of the rate of removal of solid rock from the karstic
cavity. It is known that the washout effect usually occurs in a very thin layer, the thickness of which is
commensurable or slightly larger than the molecular size (~10~%m). The elution coefficient for most of the
terrestrial rocks varies in a characteristic range: /107> — 1073/ kg liter~* [4,5]. According to our
assumption, the process of elution must occur in the volume of the hydrodynamic boundary layer. The
washout intensity can increase many-fold due to the rotational motion of the liquid and due to the separation

of the boundary layer. The time scales of the elution time depend on the specific conditions. However, using
the expression for the volume of the boundary layer

Vs, = nRL&,, (6)

we can approximately estimate the characteristic value of the rate of washout of solid rock from the karstic
cavity.

Conclusion

The volume of the model cone used above approximates the karst cavity: V~ %nRzL ~ 10m3. The

volume of the boundary layer on the inner surface of the model cone is Vs~ 0.03 m3. Consequently, the
mass of the solid rock washed from the boundary layer in the case of the full cone load in the case of zero
water flow can be mg =~ 3/10~* —1072/ kg. The rate of removal of solid rock from the Karstic cavity
depends on the flow of water, which can vary depending on the flow regime. However, we can talk about
some average characteristic, if we assume, for example, that the water movement is laminar (minimum
washout mode) and the water flow rate is Q = 3 liter/s . In this case, through the neck of the cone-shaped
funnel within an hour, it can pass v = 10m?3 volume of water, which corresponds to: m ~ /10~1 — 10/ kg
mass of solid rock. If this process continues, for example, 100 days, then the maximum mass of washed solid
rock can be 24 tons. Consequently, the volume of the cone approximating the karst cavity can increase
by Vo ~ 10 — 12m3, i.e. approximately twice. However, it should be noted that the value of the rate of
karst leaching used for numerical evaluation is very approximate. It was obtained in the linear
approximation. Despite such a shortcoming, which is a consequence of a rather crude physical analogy, it
nevertheless seems that with the help of the model we have used, it is possible to obtain more accurate
guantitative estimates. In particular, in order to increase the reliability of the results, it is necessary to use
integral relations, in which the effect of nonlinear increase in the washout rate, which varies with the growth
of the volume of the karst cavity, should be reflected.
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FI/II[pOlII/lHaMl/I‘IeCKaH MOA€/Ib Oﬁpa3OBaHHﬂ KapCTOBbIX IIYCTOT

3.A. Kepeceannze, JI.T. Onninasanze, M.C. UxuryHuase

Pe3rome

dusnueckoe MOJEIHPOBAHUE NWHAMUYECKON KapTHHBI Pa3BUTHS KapcTa NpecienyeT pas3iudyHble e,
CpeAM KOTOPBIX, B YaCTHOCTH, SABJSIETCS OLCHKA XapaKTEPHOTO BPEMEHHOI'o MaciTaba ux oOpa3oBaHUs.
OueBuaHO, YTO 3Ta 3a4aya SBJSIETCS JOCTATOYHO CIIOKHON M3-32 MHOroOpasus mpolecca KapCTpUPOBaHUs,
MPOTEKAIOMIETO TPAKTHYECKH IOBCEMECTHO, KaK C OOMIMMH XapakTepUCTUKAMH, TaK M  MECTHBIMH
ocoOeHHOCTAMU. KapcToBbIe MyCTOTBI MOTYT MMETh CaMmble pa3ivyHble (OPMBI, YacTb KOTOPHIX HUMEET
HEKOTOPYIO PETYISPHOCTh W3-3a MOJOOWS C OIPENeICHHOW reoMeTphdeckoi ¢urypoit. Hampumep, mms
KapcTa JOCTaTOYHO paclpoCTPaHEHHOW SIBISETCS  BOPOHKOOOpasHas (opma C OCHOBOM Ha 3EMHOM
MOBEPXHOCTH. DPPEKTUBHOCTh JeHCTBUS (aKTOpa BBHIMBIBAHHMS HAXOAHMTCS B MPSIMON 3aBUCHMOCTH OT
T'€0JIOTUUECKUX KayecTB CpeAbl M JUIMTEJBHOCTH JeiictBusi Bonel. llpeacraBmsercs, d9ro mis
MOATBEPXKACHHST OIHOOOpa3usi MeXaHU3Ma, JCUCTBIE KOTOPOTO MPUBOJMT K BEIMBIBAHUIO TBEPIOH TOPO/BI,
MOKHO OOpaTHTBCSI K TPHUOIMKEHHIO THUAPOJMHAMHYECKOTO IOTPAHUYHOTO CIIOS, BO3HUKAIOIIETO MpU
00TEeKaHUH TBEPJOH NOBEPXHOCTH.

CKopocTh BBIHOCA TBEPAOW MOPOJBI U3 KaPCTOBOW MOJIOCTH 3aBHCHT OT PacXxoAa BOABI, KOTOPBIA MOXKET
MEHATCS B 3aBHCHUMOCTH OT pexuma TedeHus. OIHAKO, MOXHO TOBOPHUTh O HEKOTOPOH cpeaHeit
XapaKTEePUCTUKE, €CIIN MPENIOI0KNUTh, HAIPUMED, YTO JBIKEHHE BOJBI SIBISETCS JTAMUHAPHBIM.
Heo0xon1umMo OTMETUTH, YTO WCIIOJIb30BaHHAS [JIsl YMCICHHOW OLEHKH BEJIMYMHA CKOPOCTH BBIMBIBAHHS
KapcTa sIBISIETCSl  BechbMa MPHONM3UTENBHOH. TeM He MeHee MNpE/CTaBIsSeTcs, 4YTO IMPH TOMOIIH
WCIIOJIb30BaHHON HAMH MOJIETH MOXKHO MOIY4UTh O0JIee TOUHBIE KOIMYECTBEHHBIE OLIEHKH.

34



Journal of the Georgian Geophysical Society,
Issue B. Physics of Atmosphere, Ocean and Space Plasma, v.19B, 2016, pp.35-40

Application of MODIS LST and Aurface Air Temperature Data for
Snow Cover Analysis in Georgia

!Genadi A. Tvauri., 2Nino N. Lomidze, ?Tatiana D. Jinjolia,
!Ketevan J. Koridze

IM. Nodia Institute of Geophysics of Iv. Javakhishvili Thilisi State University, 1, Alexidze st. Thilisi, Georgia
2y, Batonishvili Institute of Geography of Iv. Javakhishvili Thilisi State University, 6,
Tamarashvili st. Thilisi, Georgia

ABSTRACT

MODIS global Land Surface Temperature (LST) and Emissivity 8-day L3 Global 1 km and surface air
temperature data measurements of different meteorological stations were used for analysis of snow cover in
Georgia. It was shown that application of snow cover map correction algorithms based only MODIS Snow
product data and algoritms with addition of LST and surface air temperatures give almost the same result. It
was supposed that for snow cover map correction MODIS snow product data are quite enough and no
additional correction is nessesary.

Keywords: aurface air temperature, snow cover, MODIS

The 8-day composite MODIS Terra snow product (MOD10A2) was used for snow cover analysis in
Georgia for 14 hydrological years (September 2000- June 2014) [1]. The snow products were generated by
the NASA Godard Space Flight Center and made available by the National Snow and Ice Data Center
(NSIDC), Colorado, USA [2].In the MODIS Terra snow product (MOD10A2) Snow covered areas are
mapped as a Maximum Snow Extent. The second dataset of MOD10AZ2 files, Eight Day Snow Cover was
used to correct contaminated pixels.

It should be noted that the MODIS 8 day composite snow products must be handled carefully. Fig.
la shows that in the image of snow cover for September, 2010, there are some “contaminated” pixels,
corresponding to the snow covered areas in Kolkheti region.Second dataset of MOD10A2 snow data, Eight
Day Snow cover Gives possibility to make some corrections. Applied algorithm supposes, that pixels marked
as “snowy” with duration of only one day may be marked as “cloudy”, i.e. free of snow pixels.

From the other hand, application of discontinuities enhancement Laplace filter (3x3) to the snow
cover map detects border of snow cover area. Resulted border may be layed over Terra Aster DEM
(preliminary downgraded to MODIS Terra snow product spatial resolution — 500 m).Resulted border was
layed over Terra Aster DEMand histogram of border pixel elevation may be obtained. Therefore the stable
snow border mean elevation may be determined.

Application “one day snow pixel” algorithm on snowy pixels with elevations less than stable border
mean elevation cleans “dirty pixels” and gives much more better result, represented on the Fig. 1.b.

Additional correction may be performed with application of ground measurement data, snow
observations and especially air temperature distribution. This kind of correction also gives possibility to filter
contaminated pixels and get more correct results.

For this purposeLand surface temperature satellite data and the air temperature ground measurement
data were used.MODIS global Land Surface Temperature (LST) and Emissivity 8-day L3 Global 1 km
(MOD11A2) data were applied for analysis of land surface temperature fields [3]. Air temperature data
measurements of different meteorological stations in the East and West Georgia were used also.

The September-June of 2010-2011 hydrological year Air temperature measurement data of 9
meteorological stations were kindly provided by by the National Environmental Agency of Georgia (NEA).
Geographical coordinates, also altitudes of these stations are shown in Table 1.
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At all mentioned stations air temperature measurements are provided 8 times per day
(00.03.06.09.12.15.18.21 UTC). The MODIS local passing time is about 10:30 and 22:30 and we selected
corresponding surface observation data measured at 06:00 and 18:00 UTC.

Table 1
No Station name Latitude Longitude Elevation
1 Kutaisi 42°16° N 42°38" E 116
2 Zugdidi 42°30° N 41°53 E 117
3 Thilisi 41°45°00”° N 44°46°10" E 428
4 Bolnisi 41°27° N 44°33 E 534
5 Ambrolauri 42°31° N 43°09" E 544
6 Telavi 41°55'41”" N 45°3044” E 566
7 Gori 41°59" N 44°07 E 612
8 Pasanauri 42°21° N 44°42° E 1064
9 Mtasabueti 42°02° N 43°29° E 1245

Investigation of statistical relationship between 8-day Terra MODIS LST and meteorological data of
surface air temperature were performed by using 280 observation data of 9 meteorological stations for
September-June period of 2010-2011 hydrological year. Mean air temperature for each 8-day MODIS LST
dataset were calculated from daily surface air temperature measurements and only clear sky data were taken
into account. Results of Linear regression analysis is given on Fig. 2

The estimated air temperature values were calculated according to the regression equation and
corresponding temperature maps were created. Both MODIS LST and estimated air temperature data were
used for snow cover map correction analysis.

Application of LST and estimated air temperature (T,) parameters for Snow cover map correction
and “dirty pixel” clearing supposes use of “one day pixel” filter for LST > 0 °C area. Fig. 3 shows results of
all applied corrections.

Comparison of Fig.1, Fig 3 and Fig. 4 shows that there is no significant difference between results of
application of “dirty snow pixel” filter algoritms based only Tera MODIS Snow product data and algoritms
with addition of Terra MODIS LST and surface air temperature meteorological data.

a. Before correction
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b. After application of “one day snow pixel”, “stable snow line elevation” algorithm

Fig. 1. Snow Cover images 2010, 16 of October, before and after correction

30
25
20
15
10

-10
_15 T T T T T 1
-20 -10 0 10 20 30 40

MODIS LST °C

Surface air temperature °C

Regression Statistics

0.9446

Multiple R 34
0.8923

R Square 33
Adjusted R 0.8919
Square 46
2.6014

Standard Error 37
Observations 280

Fig. 2 statistical relationship between 8-day Terra MODIS LST and meteorological data of surface air
temperature
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a. “One day snow pixel”, “LST >0 °C”
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b. “One day snow pixel” and “To> 0 °C”

Fig. 3. Result of application of “one day snow pixel”, “LST > 0 °C” and “T¢> 0 °C” algorithms on 2010,
16 of October snow cover image
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a. “One day snow pixel”, “stable snow line elevation” and “LST > 0 °C”
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b. “One day snow pixel”, “stable snow line elevation”, “LST >0 °C” and “T,> 0 °C”
C.
Fig. 4. Result of application of “one day snow pixel”, “stable snow line elevation”, “LST > 0 °C” and “To>
0 °C” algorithms on 2010, 16 of October snow cover image.
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IlpyuMeHeHNe JaHHBIX TeMIIEPATYPbI MOACTUIAIOIIEH TOBEPXHOCTH
MODIS un MeTeopo10rHYecKNX JAHHBIX TEMIEPATYPHI BO3AyXa sl
aHAJIM3a CHE:KHOI0 MOKpoBa I'py3un

I'.A. Taypu, H.H. Jlomunze, T. . Jxunnmxxonus, K.[Ix. Kopunse

Pe3rome

Jnst aHanu3a cHesKHOTo MoKpoBa ['pysun 0butn ucnionbs3osansl Janasie MODIS LIST u mereoponorndeckue
JIAaHHBIE U3MEPEHHI TeMIIepaTypbl aTMOCPEPHOTo BO3/IyXa Y 3eMHOM TOBEPXHOCTHU. BBIJIO ycTaHOBJIEHO, YTO
pe3yiabTaT MPUMEHEHHUS aJrOPUTMOB KOPPEKIIMU KapT CHEXKHOTO MOKPOBA, OCHOBAaHHBIX TOJBKO Ha JaHHBIX
JMICTAHIIMOHHOTO 30HMPOBaHUSI W aJITOPUTMOB C NMPHUMEHEHHWEM JAaHHBIX TEMIIEPATYPhl IMOJCTHISIONIEH
MOBEPXHOCTH 3€MJIH M TEMIIEpPaTyphbl BO3MyXa y MOBEPXHOCTH 3€MJIM HE3HAYMTENBHO OTIMYAIOTCA. BbUTO
MPEIIONIOKEHO, YTO AJISi KOPPEKIMK KapThl CHEKHOT'O MOKPOBA BIOJHE JOCTATOYHO NMPUMEHEHHE TOJIBKO
naHHbpix MODIS 1 HeT He00X0JUMOCTH B MPOBEICHUH JOTIOJIHUTEILHON KOPPEKIINH.
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Modeling of Exhaust (Waste) Water in the Extraction of Hydrogen
Sulfide Black Sea

Marat S. Tsitskhishvili, 2Alexander E. Shaptoshvili
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ABSTRACT

Mimerical models, “basic control parameters”, Simulation for the case of waste water discharge into the
river, model parameters, MacCormack's predictor-corrector. Due to selection of more realistic parameter
values in the numerical schemes, the use of Kolmogorov's approximation of turbulent diffusion obtained
practically relevant values of pollution fields for the different placement of sources of pollution. The paper
presents the results of calculations of pollution fields.

Key words: water pollution, hydrogen sulfide.

When implementing technical schemes energy use hydrogen sulfide from the deep layers of the Black Sea,
there are problems of ecologically safe discharge “waste water." Offers numerical models allow calculating
environmentally safe concentrations in the wastewaters at various depths of discharge into the sea and for
different flow rates (reset) of wastewater.

Modern optimal management of the natural environment in order to achieve sustainable development must
be based entirely on the processes of knowledge on detailed analysis, diagnosis and prognosis! Application of
physic - mathematical modeling allows to predict the dynamics of the subsequent results of human impact on
natural and social complex systems.

Extreme complexity of natural geo-environmental complex units (ecosystems) forces to build
mathematical models only with a certain approximation. Purely empirical approach to the study of such
complex systems is irrational; modeling allows identifying the main factors shaping, which is why the model,
despite the proximity and limitations helps the cause - effect analysis system.

When modeling in natural environments (atmosphere, hydrosphere) must first of all:

- Clearly define the system;

- To evaluate the connection and exchange streams;

- Highlight the main features of the system;

- To assess the degree of accuracy required,;

- To determine the dimensionality of the system;

- Evaluate a representative set of variables minimum defining the state of the system;
- Establish a system of basic equations describing the evolution of the system;

- Must be mentioned to define “basic control parameters”, giving physically

a real sense of an abstract mathematical model.

As we move through the steps above to provide a consistent model increasingly filled with physical

meaning, which allows us to call such a physical - mathematical modeling.
The most critical part of the so-called simulation the definition of “input - output"”, i.e. forming the boundary
conditions. For natural ecosystems , with a spatial ( geographic or geometric ) isolating systems important to
take these inputs and outputs, sources and sinks , namely the boundary conditions determine the impact of the
environment on our " selection system” it is through these factors.

This is a first in a series of works devoted to the admixtures expansion in the high-speed stream. 2-
dimensional model of admixture expansion in the high-speed stream is suggested. The model is based on
the 3-dimensional model vertical averaging with taking into account ““shift" and ““turbulent" viscosity. Some
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numerical tests realized, with the stability of numerical scheme proving. 2-dimensional model gives us a
possibility of approximation the concrete be high-speed stream cause we can take in account: depth, fluid
speeds and a geographical configurations, depending on where the discharge takes place - in the coastal zone,

estuary or far at sea.

1. Simulation for the case of waste water discharge into the river.

The 3-dimensional equation of passive admixtures expansion is:

oc = - 0 = = 0 oc
—+V,-(cU, )+ —(cUz)=S+V, - (kV,C)+—| 1— 1
V() () =5+, (i) o 427 )
where [1]:
v, -(cUh ) — horizontaladvection
i(cU ;) — Verticaladvection
OXg
v, -(k?hc) — horizontaldiffusion
0 ﬂﬁ — verticaldiffusion
OXg | OX%g
S —externalsources
Let us introduce a vertically averaged admixtures concentration:
- 1 ¢
c= ﬁ_'-_hcdx3
where H(x,y) - full depth, & - surface of water,
and the deviation from the average concentration:
- . ¢,
¢=c-c, -—ontheassumptionof j hcdx3 =0
Integrating (1) in the vertical direction, one obtains:
%+lj_h-§h(_:=A+2+T 2)

where:
T: J.i?h-(kﬁhc)dx3
> %ﬁh-(Hrhﬁhéde

A —sumofexternalsources.

T is the ““shift" effect contribution. It describes the following set of effects: there is two contributions
appearing when we average in any direction - first is an advection by average moving and second is average
of a product of deviations from the average, which gives us an addition in the form of ““turbulent" diffusion.

Let us estimate now the shift effect. Let us subtract (2) from (1) for obtaining the equation for ¢:

X3
R 3)
i(zﬁ} S—A

OX3 | OXg
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Further |¢|= |c], but |U,

is not less than ‘Uh

as function of x,. It is possible to show that the main
contribution from left side comes from horizontal advection U, .Ve.
Then:

g, -ve: 2 Lﬁﬁj +S—A 4)
OXg | O%3

It is possible in principle obtain ¢ through Vc. Then multiplying by Uh and integrating by vertical
direction one obtains the expression for the shift effect. The expression of ¢ by U, ina common case will
contain double integral of Uh Ve by vertical direction. We could avoid the integrals in the equation by

making an assumption of a form of dependence of Ljh and A of time and coordinates. Bowden suggested
[2]:
Uy =U, 4() (5)
A=PU, P-H -g(n) (6)
where 7 = %(x3 +£&)

(5) is very strong and restrictive supposition. But from observational results follows that it is very realistic.
Then:

(0, -¥yc)p="0nP 0 [gi]+s—A )
on\~on
Integrating twice, multiplying by ljh and averaging in the vertical dimension, one obtains:
1o | nH = (5
==V U (u v c) 8
H h |:PUhP h h } ()
Combining (2) and (8) finally we will have:
o = - - 1. |pH2 ==
L0, Vo= A+—V, | A0 (u V0 ) 1V, k¥, 9
ot h h H h |:PUhP h h h :| h h ()

This is the model equation.
2. Model parameters

The motions could be considered as a hierarchy of turbulent vortexes with different scale of length and
time. Suppose it could be described by Kolmogorov theory; then the energy is distributed by different scales
of motions as:

EQ): £71%° (10)
where | is a typical scale of length, ¢ - the speed of energy transport by descending cascade of
vortexes. From this the typical speed and time are:
v : PNk (11)

B b (12)
This means that the model smoothing the motions with scales less of:
43



I: g™ (13)

By Kolmogorov their contribution in the evolution equation is the ““diffusion” term but with ““turbulent"
diffusion coefficient:

v e g2 (14)

& 10°® for rivers [1], and from expression for the shift viscosity as function of average speed and depth
we have:

v: PU, P-H: 10
Then from length part of (14) we receive:
1% 316.23, 1: 74.08

i.e. the scale of lengthis 1: 100 m.
From time part of (14) we receive:
7. 3162.28sec
and time scaleis z: 1 hour.
Consider now the ““turbulent” viscosity. Let us take the grid step as 10 m. Than the the ““turbulent"
viscosity will be:

v: 107%%.10%%: 0.68
From time part of (14) we receive:
721 10% 7: 10°: 0.25hour
The ““turbulent"” viscosity is about 10 times less than shift viscosity which describes the physics of model

- it is acceptable. Next, the time scale is such that the numerical model allows us to obtain the time resolution
more accurate than the physical model.

Further the scheme viscosity is PUh P At (this is for a MacCormack predictor-corrector type scheme[3]).
If we will take a time step about 0.5 sec, the scheme viscosity will be negligible.

2. Deterministic models of waste water into the sea, at entering rivers. (East coast of the
Black Sea)

The passive admixture's turbulence diffusion equation has form:
EJri(cU)Jri(CV) = i(KX%]-Fi KyE Jri(KZ %]
dt dt dy dx dx /) dy dy ) dz dz

where k=10 sm?/sec, K,, K, = 5*10" sm/sec is the turbulent viscosities, ¢ is concentration Grid's step is

26.88 km in horizontal direction and 20 m in vertical before depth 200 m. Number of grids knots is 4983 (Fig.
A).

For numerical solving of the problem the MacCormack's predictor-corrector, second order in space and
time desintegrated scheme was used. Let us introduce the operator

Ci i = L(At)Cl,

Ciiw = Cili —ALA+(Clj Uy i =M A - Cl )

Ci i =U2(Cijy +Cilj )~ 1286 A, = (Ci i Ui i = M Ay - Ciji)
Mirjj,k =12(Ky; i+ Kyiaj)

M; i« =1/2(Kx,i+1,j + KX“)

Analogous operators L, (At,), L,(At,) were introduced. Then the scheme takes the form:
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Cunjrlk =L, (AU2)L, (AU2)L, (AU2)L, (AU2)L, (AU2)L, (AU2) -C];

Such a scheme was searched because the turbulent viscosities is horizontal and vertical directions are very
different and scheme allows us to do the independent steps in different directions (D. Anderson et al. 1990).
The time step is determined as:

AU2 = min(At,, At,, At,)

2 2 2
a0 W) (@)
|U | Ax+ 2K, IV Ay + 2K, 2K

z

and can be big enough.
The results are showed at the pictures as follows:

Maximum of Remissible Consenttation (MPC) is 5.10 ° g/sm?

0.01MPC < = C < 05MPC -5
0.05MPC < = C < 01MPC -4
0.IMPC < = C < 02MPC -3
02MPC < = C < 05MPC -2
05MPC < = C < 1MPC -1
1MPC < = C < 2MPC 1
2MPC < = C < 5MPC 2
5MPC < = C < 10MPC 3
IOMPC < = C < 20MPC 4
20MPC < = C < 50MPC 5

1. Source is in the Batumi area (Fig. B).
Source acts constantly on the depth 40 m.

The concentrations of admixture in sources is: 1.9%10 ° g/sm?
Time step is 4 hour. 1 month of process has been calculated.
Picture is such as in Rioni case.

2. Source is in the Novorossisk area (Fig. C).
Source acts constantly on the depth 20-40 m.

The concentrations of admixture in sources is: 1.9%10 ° g/sm?®

Time step is 4 hour. 1 month of process has been calculated.

Admixture propagates at the East and North-East directions: in the cyclonic motion area and in the Kerch
Strait.

3. Sources are in the rivers Rioni's, Inguri's, Bzib's mouths (Fig. D).
Sources act constantly on the depth 40 m.
The concentrations of admixture in sources is:

Rioni: 0.156*10° g/sm?

Inguri: 0.007*10 ° g/sm?

Bzib: 0.019*10 ° g/sm?

Time step is 4 hour. 1 month of process has been calculated.
Admixture propagates at the South-West cyclonic motion area.

4. All sources work together (Fig. E).

Time step is 8 hour. 1 year of process has been calculated.

After 3 months the description of admixture reaches a ““quasi-stationar" state and then does not change.

The tendency of growing the admixture in the cyclonic motion areas is clear.

Concentrations great than 1 MPC are seen at the 150 km radius around the Poti, Batumi, Novorosiisk and
Kerch Strait.
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Admixture propagates at the big depth, for example, at the sources's areas concentration is 5 MPC at the
120 m depth.

CALCULATED AREA

<Azov>
<Novorossiisk
<Bzib
<Inguri
<Rioni
< Batumi
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Picture 1. (A - Calculated Area; B - Source is in the Batumi area; C - Source is in the Novorossiisk area,
D - Sources is in the rivers Rioni, Inguri, Bzib area; E - All sources work together ).

Conclusion

Thus the state independence and free market economics made actual not only creation of juridical basis,
but international unification as well. Climatic unification may be made according the following scheme: 1)
coastal regions with high humidity, 2) regions with average humidity, 3) highlands, 4) regions with low
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humidity and desert-like climate. Such regioning for standardization need sources and a lot of time. In this
sphere the international cooperation may be very effective. On the other hand, from the standpoint of the
international unification of the standards there is also a need to consider ways in which economic instruments
may be employed as policy tools for improving atmosphere quality, especially in the most cost effective
manner, possible under free market economics. That will improve regional economic situation. Finally, the
coordination between economy-wide policies, including micro and micro-economic as well as sectoral policies
should also be evaluated.

Analysis of medicoepidemiological data in separate regions of the studied area, the approach of estimation
of ecological loading with arbitrary multiplicative parameters allowed to estimate ecological loading on
population and carry out the regional mapping of contaminated areas.

The numeral models are worked out to forecast the molismological condition of the Black Sea coasts zone
and water permithing to carry out the integral management of the coastal zone depending on the variability of
anthropogenic pollutants.

3. Numerical tests, for yielding discharge of waste water into the river (the worst
conditions of pollution).

The numerical tests were done. The model high-speed stream consisting of 5 sections with wight from
300 till 800 m was taken. The admixtures source is working constantly at one point at the beginning of the
high-speed stream. The fluid speed is 1 m/sec along the fluid axis and it is decreasing to O at the banks of
river. The depth is 10 m at the centre of high-speed stream and is decreasing to 0 at the banks (Picture 2).
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Picture 2.
The 2-step MacCormack numerical scheme was used. The tests shows scheme stability.

As illustration is shown the result of 8 hours of expansion calculation. Numbers of Maximum allowable
concentration - MACSs - is taken as levels at the picture.
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MopaeaupoBaHue 0TPA0OTAHHBIX (CTOYHBIX) BOJ IIPH A00bIYe
cepoBoaopoaa Uepnoro mops

M.C. IuukumBuiau, A.E. IHHlanTomBuin

Pe3rome

UmcneHHble MOJIENH, “OCHOBHBIE TTapaMeTPbl KOHTPOJISI, MOJICTTMPOBAHKE IS CiTy4dasi cOpoca CTOUHBIX BOJ B
peKy, mapameTpbl MOAENH, NpeAuKTop-koppekrtop Mak-Kopmaka. 3a cuer mombopa Oonee peanbHBIX
3HAYEHUI MapaMeTpoB B UHCIEHHBIX CXEMaX, MCIOJIb30BaHUs KonIMOropoBckoro mpuOIMKEHUS
TypOyneHTHOW auddy3un, TMONyYeHbl MPaKTUYeCKd 3HAYMMble BEIMYMHBI TIOJIEH 3arps3HEHHs s
Pa3IMYHOrO pa3MEeLIeHUs] UCTOYHHUKOB 3arpsisHeHus. B paboTe mpuBeneHbI pe3yibTaThbl PacyeToB IMOJeH
3arps3HEHHS.
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ABSTRACT

Based on analysis of the volume change of the sediment, brought to the sea by the River Rioni, was estimated
the state of the seacoast, neighboring estuary of the Black Sea. The relief of the Black Sea coast and its
dynamics greatly depend on the sediment, brought by rivers. In Georgia reduction of the amount of the
sediment, brought by rivers mainly is caused by an anthropogenic factor. The submarine canyons’ influence
on the morphology and dynamics of the coast are also important. It was always difficult to determine the
proportion of man-made and natural factors on the accumulative coasts of the River Rioni Black Sea
estuary. The possibility to evaluate such processes appeared based on the analysis of the sequence of the
events which took place in the River Rioni delta after 1939. Here is offered the forecast of the development of
the section next to the River Rioni estuary of the Black Sea.

Key words: Submarine canyon, river sediment, litho-dynamic system
Introduction

The largest part of the Georgia's Black Sea coastal zone genetically belongs to accumulation type
and its present-day sustainability greatly depends on the river sediment [1,2,3]. In natural conditions, the
volume of river sediment annually brought to the sea is sufficient, and in some cases more than sufficient, for
providing of the positive balance of the coastal zone. In cases, when the volume of river sediment for various
reasons is declining, coastal and underwater slope begins to react accordingly. This process is mainly
expressed by the coast washout and change of the underwater profile. At present, reduction of the river
sediment mostly is caused by the man-made impact because of extraction of the sediment from the river beds
or their containment by the dams. In this case, it is difficult to determine the degree of the negative impact
and quantitative indicators, as the sediments from the coastal zone are lost on steep slopes of submarine
canyons and accumulative capes. The possibility to evaluate such processes appeared based on the analysis
of the sequence of the events which took place in the River Rioni delta after 1939. In the new mouth
developed the powerful accumulation processes, in consequence of which was formed a new delta on the
area of 1300 hectares. The sediments, brought by the rivers to the accumulative coasts play major litho-
dynamic role in the formation of beaches and submarine slope. The Alluvium, come from the rivers to the
marine estuaries intermixes with the sediment here and forms a talus fan, which is mostly made up of
sediments of relatively large fractions. Small fractions spread farther from the shore and are deposited on the
underwater slope.The relief of the underwater slope itself conditions the outline of the coast and
morphometry, petrographical and granulometric composition of the beaches. The submarine canyon heads,
located near the coastline significantly influence the coast construction and lithodynamics [4,5,6,7]. In sum,
the sediment, come from the rivers, in consequence of sea storms and flows influence participates in
complex litho-dynamic processes, resulting in creation of large accumulation forms. They, in most cases,
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after passage of several stages of development tend to a stable condition [8]. For example, in the coastal zone
of Georgia Kakhaberi and Kolkheti coastal lowlands, Sukhumi, Pitsunda, Kodori and Batumi accumulative
capes belong to the similar forms [9,10]. The mentioned accumulative forms and the contemporary
appearance of the coastal zone of Georgia was formed about 5-6 thousand years ago, when after the rapid
rise the Black Sea level it has reached the current situation [11]. Along the persistent coast was formed the
local ecosystem with its characteristic ecotones in the river estuaries and deltas [12].

Depending on the amount of sediment brought to the sea by rivers, they can be divided into 3 groups.
In the first group are the great rivers, bringing much more sediments to the sea, than the sea waves and
currents along the shore can move [13]. In this case, the river estuaries should be subjected to continuous
accumulation. In fact, this process is not observed, because in front of all big rivers of the sea side of Georgia
are located submarine canyon’s heads. The most part of river sediment is lost in such canyons; however, the
necessary amount for the stability of the coast escapes the canyon head and is distributed along the sea coast.
In some respects the mouths of rivers near the submarine canyons, accomplish a function of natural sediment
distributor [14], by means of which the coastal zone maintains its stable condition.

The second and third group rivers bring to the sea less amount of sediments, the volume of which is
always less than the transporting ability of wave energy. The total amount of the mentioned river sediments
is completely spent for feeding the coast and to some extent is involved in the formation of the litho-dynamic
systems. Their mouths do not take the form of delta and more or less keep the coastline azimuth, existing
within the litho-dynamic system scope [9,10].

The region of studies, material and methods

River Rioni belongs to the above examined first group and its estuary is located in the center of the
eastern part of the Black Sea. Here are the beaches of fine sand, which is characteristic for the Rioni litho-
dynamic system [15,16]. The average inclination of the profile of the underwater slope, having dynamic
equilibrium, varies within the frames of tgo = 0,007-0,009 (0°27 "- 0°30"). In the submarine canyon source
area of Poti (Rioni) the profile is unstable and its inclination is tga = 0,03- 0,038 (1%43 "- 2°12").
Immediately in the underwater canyon head, which begins from a 7-meter depth, the inclination varies
within the scope of 2°-4°. Towards the greater depth the canyon thalweg gains great inclination, which in
some places reaches 20°-25° Canyon side skirts are characterized by quite a large inclination, and in some
cases equal 45° [17,18].

The underwater slope surface Poti (Rioni) litho-dynamic system till the depths of 8-10 meters is
composed of fine silt sand. The main source of feeding of coast beaches and underwater slope sediments is
the River Rioni. In the natural conditions, the river solid sediment volume was approximately 8-10 million
m? per year, which was 7-8 times higher than the waves’ and currents’ transporting energetic capacity. Thus,
the main part of the amount of sediment was flowing into the submarine canyon, otherwise in the old mouth
of the River Rioni would continue constant accumulation and, accordingly, growth of the coastal land. Based
on the analysis of historical cartographic materials it was revealed that within the frames of the old delta
were passing pretty intense periodic changes, though it was due to the natural migration of river branches
and distribution of the liquid and solid flows among the branches. In any case, regardless of the mentioned
changes, the largest volume of the River Rioni sediment, in the second half of the Holocene, was moving to
the great depths of the submarine canyon, from where it could not return to the upper part of the shelf again
[19,4].

In 1873 began construction of the port of Poti, arrangement of the south end of which was completed
in 1888. The port got its final appearance in 1905. The constructed port disturbed the conditions of
alongshore distribution of the sediments, coming from Rioni — it did not let them pass any more to the north.
In fact, the litho-dynamic system was divided into two parts — the south and north coasts from the port.
Because of this in the old mouth of the Rioni began intensive accumulation of sediments, both on land and in
the upper part of the underwater canyon. The sea waves could no longer distribute equally such a large
volume of sediment, and the large volume of accumulated on the steep slopes mass, due to gravitational
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forces from time to time was moving instantly to the great depths. As a result, erosion processes under the
water were activated, causing movent of the canyon head in the direction of the coast and the constructed
mole. They began to sink old barges and the vessels in the canyon head to stop the canyon’s movement
forward, but the accomplished measure could not stop the ongoing movement of canyon towards the coast
[20].

The course of litho-dynamic processes was radically changed since 1939, when the main bed of the
River Rioni was displaced and its new estuary turned out to be north of the port. Thus, the river estuary was
moved away from the submarine canyon head. These changes caused a unique opportunity for research.
Specifically, it was the study of the River Rioni solid sediment sedimentation process for average years long
profile of the surrounding underwater slope. In the newly created estuary, loss of river sediment fell to a
minimum, because the great depths of the underwater slope were located quite far away from the shoreline.
Therefore, most of the river sediment after entering the sea was settling down on the underwater slope, in
front of the new estuary. The small fractions of suspended sediment in the water extend far from the shore
and its quantity is hard to measure, though, as it is known, it is not considered as a coast forming sediment
[21,22].
The shape of the Black Sea coast zone, where the River Rioni branch has created a new main estuary, was
making a linear and slightly concave arc having 170 ° azimuth, along the coast were sandy beaches with full
profile, the width of which was varying between 60-80 meters. The coast was stable and was fed mainly with
the rivers Rioni and Khobi sediments. After the construction of the port feeding of the coast from the River
Rioni stopped, but the River Khobi sediment was enough for the sustainable development of the coast. The
sedimentsalongshore streamwasdirectedfrom the River Khobi estuary towardssouthandits flow was
aboutabout 50-70 th. m® peryear. Until 1939 sediment was accumulating near the Poti port and this was not
favorable for the marine navigation. Because of silting of the entrance channel of the port the port
administration was conducting periodic deepening the bottom, but the volume of the work completed at that
time was not large and it did not make severely negative influence. Today, the shore, located between the
port of Poti and River Khobi in litho-dynamic terms, can be considered as an independent segment, the
sediment balance of which is positive - that is, loss of sediment or its migration to other areas is not
observed.

For study of the River Rioni new delta were used the old cartographic materials, which were
compared to a new survey. Based on the materials were calculated areas of increase of land and volumes of
accumulation up to 20 meters depth (Table 1).

Results and discussion

After displacement of the main flow of the river to the north, the coastal zone has undergone
significant changes. By 2010, the coast on the south of the port, suffered a washout, in consequence of which
the sea has swallowed the area of 300 hectares of land. In addition, in the north of the port, a strong
accumulation caused increase of land by 1 300 ha. Overall, in the Rioni litho-dynamic system terrestrial
increment was 4.3 times larger than the area of washout. The absolute value of the increase made 950 ha.
The area of land surplus would be higher, if not annual extractions of sediments from the Poti port entrance
channel. In consequence of deepening works the total volume of the sediment removal, ranging from 1939 to
the present, made about 35-40 million m3. Construction of power plants of Gumati - 1956 and Vartsikhe —
1976 has made the greatest impact on the river sediment reduction. The river sediment volume has been
reduced also about by 300-400 thousand m? after 1959, when were built the watershed dam and flood gate-
regulator, by means of which a part of the liquid flow moves in the direction of the city. Nevertheless,
powerful river accumulative process in the estuary and its adjacent coastal area has not stopped, but its
speed greatly reduced. This fact shows how great was the impact of the submarine canyon on the coastal
zone development (see Figure 1). Overall, in the north of the Poti port was formed a new delta of the River
Rioni. By 2005, in both estuaries of the delta emerged the islands, and this indicates that the delta
development passes to a multi-branch stage. Table 1 —in 1939-2007 years in the coastal zone between the
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River Khobi and Poti port were accumulated 261.76 million m3 sediments. Taking into consideration the
volumes of deepening of the entrance channel, it appears that there would be accumulated approximately 300
million m3 (Nomogram 1).

Table 1

The land growth and sediment accumulation in the River Rioni new delta (from the Poti port — to the River
Khobi estuary) in 1939-2007 years.

Observations’ | Accumulationto | Accumulation, | Average per year Land Average per
years the depth, m million m® million m® increase, ha year, ha
1939 - 1952 10 64.07 4.93
20 113.6 8.74 537 41,3
1952 -1983 10 34.14 0.98
20 70.76 2.02 321 10,5
1983 - 2000 10 28.29 2.02
20 51.65 3.03 234 13.1
2000-2007 10 11,37 1.62
20 25.75 3.68 106 151
1939- 2007 10 137.87 2.03
20 261.76 3.84 1204 17.71
300 / min m? 1939-2007
261.76
250 V
200 /
1939-1952
1
150 1136 | 1952-1983
1983-2000
100 - 70.76
,,,,, 2000-2007
50 - 25.75
U T T T T 1
1939 1952 1983 2000 2007

Nomogram 1. The sediment volumes, accumulated in the coastal zone at different times
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River sediment was significantly reduced in 1953, when was built the Gumati power plant dam. In
1959 was completed construction of the Poti dam and they started passing of a certain amount of liquid flow
of the River Rioni in the direction of the city. In consequence the annual volume of the river sediment,
directed to Nabada (the new estuary) reduced by about 300-400 thousand mé. At the end of the sixties of the
last century, Vartsikhe power plant came on-stream, significantly reducing the River Rioni sediment volume.
Based on the analysis of existing materials the annual sediment accumulation in the 1939-1952 period
amounted to 8.74 million m3. After 1952, the accumulation of sediments in the delta has dropped 4.33 times
and amounted to 2.02 million m®/ year (Fig. 2).
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Fig. 2. The annual sediment accumulation volumes Between the mouths of Poti port and the River Khobi
estuary.

Starting from the mid eighties the volume of sediment accumulation has risen and in 2007 increased
by 1.8 times. This happened in consequence of filling of power plants’ hydro reservoirs with sediment,
which gradually led to passing of increased amount of sediment by the dams. Appropriately increased
sediment accumulation rate, as it is shown on the cumulative curve (Fig. 3).
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Fig. 3. Cumulative curve of the sediment accumulation.
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Finally was formed an asymmetrical shape delta, the northern flank of which is much longer than the
southern one. Here it should be noted that the new delta would have symmetrical form if not the Poti port
hydraulic structures and permanent removal of sediment from the entrance channel. The azimuth of the delta
north shoreline is 200°, which corresponds to the annual migration of 560 thousand m?® of sediment in the
north direction. The azimuth of the south direction shoreline is 168 ° corresponding to the annual migration
of 370 thousand m® of sediment in the south direction. Sediment migration volumes are computed according
to V. Sakvarelidze method [23].The mentioned method was giving good results for sandy beaches. Hence it
can be said that the northern branch of the new delta brings to its sea mouth 60%of the total sediments and
the southern branch - 40%. The azimuth of the delta central island's shoreline is 168 °. It is interesting that,
wave field resultant vector is exactly perpendicular to the coastline of the island; it is deviated from the
direction of the west towards south by 11 °. This means that here, in the coastal line, in the island section
prevail equal values of the sediment bilateral migration, or sediment integral move in any direction is not
observed. At present, the coastline in the scope of the island is advancing by 10-12 m / year speed. The rate
of the delta south and north branches’ increase in the first 300-meter sections respectively are 18 and 20
meters per year. The distance between the sea estuaries of the branches over time gradually increases. In
2000, for example, the distance between the 2 branches of the delta was 3080 meters and by 2007 it
increased to 3 390 meters. The increase of the distance between the estuaries of the branches point to the
activation of the general accumulation in the mentioned period, caused by filling of the power plants’
reservoirs with sediment. In fact, the reservoirs were filled with sediment over the second half of the eighties
of the last century and after that in the coastal zone is observed gradual growth of the annual accumulation
volume and of surplus land (Fig. 2 and Fig. 4).
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Fig. 4. The dynamics of the surplus land within the new delta scope.

As the Fig. 4 shows, by 1985 land increase rate was less than 10 ha / year. In the following years the
rate has gradually increased and amounted to 14.6 ha / yearby 2007. It is expected that the rate of land
surplus will further increase at the expense of the sediment increasing, and by 2020 will reach to 20 ha / year.
Calculations show that if the power plants are not built, the overall gain of the land would reach the current
figure i.e. 1204 ha at the beginning of the 70-ies of the last century (Fig. 5).
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Fig. 5. The cumulative curve of the land area increase.

Unfortunately, no such observations were carried out on the River Rioni city channel sea estuary.
Here, the water passing in the river upstream began in 1959, at the 7th kilometer from the estuary after the
watershed dam was built, i.e. in the period, when the solid sediment entering was significantly diminished
because of Gumati power plant. As is well known in this period the Poti coast experienced intensive wash-
out. At present, during the visual inspection of the Poti coast can be observed the coastline stabilization,
which is associated with a general increase of the River Rioni sediment. If the overall trend of increasing of
the river sediment volume continues, bringing the sediments through the city channel will increase as well.
In this case, it is possible to sustain the stability of the coastline, surrounding Poti.

Conclusion

In the conditions of increased amount of the sediment will be activated the accumulation processes within
the new delta. The coastline progress rates will rise and accordingly nearby underwater slope sedimentation
process will become more intense. In this case, Poti port will have certain problems, in the entrance channel
of it will be activated silting intensity. If on the River Rioni new power plants are under construction, solid
sediment amount will be reduced again. This will result in a significant decrease of the growth rate of the
new delta and activation of washouts in the Poti coastal line.
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Bausinue I'ymatu u Bapuuxe I'C Ha pasBuTHe HOBOM MOPCKOM
neJbThl peku Puonu

I'.JI:x. Jlomunansze, W.I'. IlanamBuiu, I'.A. KaBaamBuian

Pe3rome

Ha ocHoBe ananm3a m3MeHeHHs 00beMa HaHOCOB, TPAHCIIOPTHPYEMBIX p. PHOHM K MOpIo, Mpou3BeaeHa
OLIEHKA COCTOSIHUSI ¥ MPEAJIOKEH MPOTHO3 Pa3BUTHUS MPUYCTHEBOIO YYacTKa PEKH. YMEHbBUICHHE 00beMa
MaTeprana, MPUHOCHMOTO peKaMH Ha To0epexpe [py3un, B OCHOBHOM BBI3BAaHO TEXHOTCHHBIMHU
npuynHamMu. B Mopdoannamuke GeperoBoii 30Hb1 UepHOTro Mopsi ['py3uH CyIIECTBEHHBIM TaKKe SIBIISETCS
(hakTOp MOABOTHBIX KaHFOHOB. Ope/ieNieHre COOTHOIICHHUS BIMSHUS TEXHOTCHHBIX U TPUPOIHBIX (PaKTOPOB
Ha HCCclenyeMble akKKyMYIIITUBHBIE Oepera Bcerfa ObUIO CIIOKHOW 3amadeii. PeanbHas oleHKa mpoImeccoB
CTaJia BO3MOXKHOM Ha OCHOBE aHAJIM3a SIBJICHUM, UIMEBIIIUX MECTOB JIeibTe p. Puonu mocie 1939 r., B cBs3H €
nepepacnpezeneHieM ee croka. [IpemiokeH TporHo3 paBUTHS y4acTka UepHOMOPCKOTo MmoOepexnbs B
JenstTe p. Puonu.
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ABSTRACT

The paper considers the comparative analysis of the changeability of atmospheric pressure in the
meteorological stations in the Thilisi airport, the Tortoise Lake and in the Cosmic Rays Observatory of M.
Nodia Institute of Geophysics during June 2015. The measurements of pressure at the meteorological
stations are conducted once in every three hours, and in the observatory of cosmic rays - hourly. In
particular, based on the example of the intensive local convective process of June 13-14, 2015 it becomes
obvious that the hourly measurements of atmospheric pressure are more sensitive to their variations than
three-hour measurements. It is proposed to use data of observatory about the atmospheric pressure for
studying different processes in the environment.

Key words: atmospheric pressure variation.
Introduction

Variations in the atmospheric pressure are connected both with the global (cyclones, anticyclones,
atmospheric fronts, etc.) and the local (air-mass clouds, etc.) atmospheric processes. On the territory of
Caucasus the weather conditions (as well as atmospheric pressure variation) are formed a result of intensive
impact of those large-scale circulation processes, which start on the Eurasian continent, in the North Atlantic
and its neighbouring arctic basin [1]. Examples of the local variations of the atmospheric pressure connected
with the influence of convective cloudiness are given in [2].

Many processes, which take place in the environment, are connected with the changeability of
atmospheric pressure (the level of underwater water [3], flux of radon from the soil [4], etc.). Variations in
the atmospheric pressure substantially influence on the health of people [5,6].

During several decades the hourly measurements of variations in the atmospheric pressure have been
conducted in the Cosmic Rays Observatory of M. Nodia Institute of Geophysics. The data are used for the
correction of the results of monitoring the intensity of neutron component of galactic cosmic rays.

For studying different processes, which take place in the atmosphere, these data have not had any wide
application so far except the preliminary studies of the influence of variations of atmospheric pressure on the
health of the population of Thilisi city [6].

The purpose of this work is the development of the advantage of the hourly measurements of variations
in the atmosphere in comparison with the three-hour measurement during the study of local atmospheric
processes, which are conducted at standard meteorological stations.
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Material and methods

In the work, besides the data of the Cosmic Rays Observatory, the data of the meteorological stations,
located in the Tortoise Lake and in Thilisi Airport are used (https://rp5.ru/Weather_in_Georgia). The
coordinates of the points of measurement and distance between them are given in Table 1.

Table 1
Coordinates of the points of the measurement of atmospheric pressure in Thilisi.
- Distance f tations, k
No Points of the measurement LAT. N LON. E Height IStance rom stations, km
St. (Stations) as.l., m 1 5 3
1 Turtle Lake 41.70° 44.75° 425 0 16.9 3.3
2 Airport 41.67° 44.95° 472 16.9 0 18.5
3 Cosmic Rays Observatory 41.73° 44.74° 510 33 18.5 0

The comparison of variations in the atmospheric pressure in three indicated points of measurement is
carried out for June, 2015. In the first half of the month unstable rainy weather was observed in Thilisi. On
June 13-14 in Thilisi recorded the well known catastrophic flood, provoked by intensive rain with the
subsequent landslide in the environments of Akhaldaba [7,8].

A relative variation of the atmospheric pressure AP with respect to its mean monthly value Pmean Was
studied:

AP = 100-(1-P/Prean), %

where P is atmospheric pressure.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods and methods of mathematical statistics for the time-series of observations [9,10].

The following designations will be used below: Min — minimal values, Max - maximal values, Range -

variational scope, o - standard deviation, on - standard error (68% - confidence interval of mean values),
95%(+/-) - 95% - confidence interval of mean values, R - coefficient of linear correlation, R?— coefficient of
determination, R, - autocorrelation coefficient.

Results and discussion

The results are given in Tables 2, 3 and Fig. 1-5.
Table 2

The statistical characteristics of relative values of atmospheric pressure in 3 measurement points
in June, 2015 in Thilisi

Parameter Tortoise Lake Airport Cosmic Rays Observatory
Min -1.39 -1.34 -1.35
Max 0.95 0.76 0.85

Range 2.34 2.10 2.20
St Dev 0.48 0.45 0.47
Om 0.03 0.03 0.02
95%(+/-) 0.06 0.06 0.03
Correlation Matrix, (R)
Tortoise Lake 1 0.97 0.98
Airport 0.97 1 0.97
Cosmic Rays Observatory 0.98 0.97 1
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According to Table 2 and Fig. 1 high correlation is observed between the values AP in all points of
measurements. The statistical parameters weakly differ from each other, except the standard error. The
sensitivity of measurements AP in the Cosmic Rays Observatory is higher than at two remaining stations.
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Fig. 1. Changeability of relative values of atmospheric pressure in 3 measurement points
in June 2015 in Thilisi.

As it was noted above, in the first half of June unstable rainy weather was observed in Thilisi. This
is well illustrated by means of the time variations of the values AP. They, in essence, have negative values in
the first half of the month.
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Fig. 2. Autocorrelation function of atmospheric pressure in 2 measurement points
in June 2015 in Thilisi.
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Time series of AP are strongly auto-correlative (Fig. 2). Autocorrelation of time series of AP obtained
at the Cosmic Rays Observatory is somewhat higher than that obtained at the station at the Tortoise Lake. In
both cases the autocorrelation is meant at least to the Lag of 30 hours.
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Fig. 3. Periodicity of atmospheric pressure in 2 measurement points
in June 2015 in Thilisi.

The periodicity of values AP has the basic peak, which fit approximately to 180 hours (7.5 days) and
two auxiliary - about 72 hours (3 days) and 24 hours (Fig. 3).

Let us examine the special features of changeability AP at all stations during catastrophic flood on June
13-14, 2015 in Thilisi (Table 3, Fig. 4,5).

In the indicated interval of time the rain cloud was located in one and the same place for almost five
hours. Process was air-mass. Precipitation intensity at the separate moments of time was found in the range
100-200 mm/h. Distance from the center of cloud to the points of measurement comprised: Tortoise Lake -
6 km, Cosmic Rays Observatory - 8.5 km, Thilisi Airport - 20 km [7,8].

Table 3

The statistical characteristics of relative values of atmospheric pressure in 3 measurement points
from June 13, 19:00 to June 14, 04:00 in Thilisi.

Parameter Tortoise Lake Airport Cosmic Rays Observatory
Mean -0.48 -0.44 -0.50
Min -0.64 -0.50 -0.59
Max -0.28 -0.36 -0.36
Range 0.36 0.14 0.23
St Dev 0.19 0.08 0.09
Om 0.11 0.04 0.03
95%(+/-) 0.22 0.09 0.06

Table 3 clearly demonstrates the influence of local cloud processes on the variation of the atmospheric
pressure depending on distance during this process. The greatest variations in the values AP were observed at
station Tortoise Lake, which was the closest from the cloud (Range = 0.36%), the smallest - in the Airport
(Range = 0.14%).
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Fig. 4. Changeability of relative values of atmospheric pressure in 3 measurement points

from June 13, 19:00 to June 14, 04:00 in Thilisi.

Changeability in the time of values AP at station Tortoise Lake and Cosmic Rays Observatory
satisfactorily described by second power polynomial, and in airport - linear (Fig. 4).
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Fig.5. Changeability of speed of change of relative values of atmospheric pressure in 3 measurement points
from June 13, 19:00 to June 14, 04:00 in Thilisi.

Finally, Fig. 5 clearly demonstrates the higher sensitivity of hourly measurements in comparison with
the three-hour measurement. Rate of change in the time of values AP in Cosmic Rays Observatory (0.0118
%/hour) is three times higher than at the station Tortoise Lake (0.0038 %/hour). In Thilisi Airport this
speed is constant (practically, the station did not react to the process).
In the future, by analogy with [2], it is possible to investigate the variability of atmospheric pressure
under the passing clouds recorded by the radar used in the anti-hail service [7,11,12]
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Conclusions

During the local atmospheric processes the hourly measurements of the atmospheric pressure, which
are conducted in Cosmic Rays Observatory of M. Nodia Institute of Geophysics, are more sensitive to their
variations than three-hour measurements, which are conducted at usual meteorological stations.
Atmospheric pressure is an exogenous factor, which is infused on the Earth and water level in boreholes. It
causes water level variation in boreholes together with tidal factors. Amplitude of their variation was
changing depending tensor- sensitivity of boreholes and aquifer area totally. At the same time, it is one of the
important factors for assessment of geodynamic processes. Using and developing this kind of observations
and organization real-time monitoring of atmospheric pressure will be a support for forecasting geodynamic
events. It is also possible to investigate the variability of atmospheric pressure under the passing clouds
recorded by the radar used in the anti-hail service.
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CpaBHHUTE/bHbIC XAaPAKTEPUCTUKH U3MEHYMBOCTH aTMOC(EpHOTro
AABJICHUS HA METEOPOJIOTHYECKUX CTAHIUAX B TOmIncckoM
asponopry, Uepenambem o3epe U B 00CepBATOPUN KOCMUYECKHUX
Jyuyed Macturyra reopusuku um. M. Hogua

T.C. bakpan3e, I1.A. bapoakanze, H.S1. 'nontu, U.A. Tyckus

Pe3rome

[IpuBomuTCS ~ CpaBHUTENbHBIA  aHaNM3  W3MEHYMBOCTH  aTMOc()epHOro  JaBleHHUS  Ha
METEOPOJIOTHUECKUX CTaHIUsAX B TOMIMCCKOM ajporopTy, Yepenammbem o3epe W B 00cepBaTOpUM
KocMudeckux Jydeir MHctutyta reopmsukn mMm. M. Homma B mrone 2015 r. M3mepeHus naBiieHus Ha
METEOPOJIOTHUECKIX CTaHIHUAX MPOBOAMTCS KaX/Ible TPU 4aca, a B 00CEpPBATOPHU KOCMHUYECKUX JIyder —
€XeJacHO. B "acTHOCTH, Ha TIPUMEPE MHTEHCHUBHOTO JIOKAIBHOTO KOHBEKTHUBHOTO Tiporiecca 13-14 wuroHs
2015 T. momydYeHo, YTO eXeyacHble H3MEpeHHs] aTMOC(EpHOro IaBiieHHS Oojee YyBCTBUTENBHBI K HX
BapHaIsIM, 4eM TpexdacoBble. [Ipemmaraercsi MCIONB30BaTh JlaHHBIE oOcepBaTopuH 00 arMochepHOM
JABJICHUU JJIS1 U3yUYEHMsI pa3IMYHBIX MIPOLIECCOB B OKPYXKAIOIIEH Cpeae.
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Vertical Distribution of the Monthly Mean Values of the Air
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ABSTRACT

The data about the changeability of the mean five-year values of the daily values of the air temperature
above Kakheti for the central months of year for the period from 2012 through 2016 are cited. The statistical
characteristics of the air temperature at the different levels in the range of heights from 0.54 to 27 km are
represented. In particular, are cited: the data about the vertical distribution of the average monthly values
of the air temperature during January, April, July and October; the mean value of the gradient of air
temperature for the indicated months in the layer of the atmosphere from 0.54 to 8.5 km; the average
monthly values of height of zero isotherm. It is noted, that heights of zero isotherm for July and October
into 2012-2016 respectively by 0.215 and 0.506 km are higher than the same values in 1958-1961.

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

Studies of the vertical distribution of the air temperature in the atmosphere have great value for the
solution of different problems of meteorology and climatology (meteorological forecast of showers,
thunderstorms and hail [1-3], the determination of different characteristics of clouds according to the
data of radar measurements [1, 4-7], weather modification [1, 8-11], estimation of climate change [12],
etc.). From the end of May 2015 in Kakheti after 25- year interruption the work of anti-hail service was
restored [13,14]. Therefore, in connection with climate change, the need for the detailed study of the
contemporary regime of the vertical distribution of the air temperature above this territory arose [12,15-17].
These studies were begun in 2015 year [18].

In this work the results of investigating the vertical distribution of the average monthly values of air
temperature above the territory of Kakheti in 2012-2016 during January, April, July and October in the range
of heights from 0.543 to 27 km above sea level are given.

Material and methods

At present in Georgia the aerological sounding of the atmosphere is not conducted. Therefore, for
the solution of the problem presented was carried out information processing about the daily vertical profiles
of the air temperature in the atmosphere from the earth's surface to the height of 27 km above Kakheti

(Telavi) for four periods of observations (4, 10, 16 and 22 hours on the local time,
https://www.ready.noaa.gov/READY cmet.phpand https://rp5.ru/Weather_in_Georgia).

Results and discussion

The results of studies in tables 1-3 and figures 1-4 are clearly demonstrated.
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Table 1

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during January and April 2012-2016

Param. January Param. April
H, km Mean Min Max Range | StDev | H,km | Mean Min Max Range | St Dev
0.54 2.5 -0.3 5.8 6.1 1.50 0.54 12.9 8.1 16.9 8.8 211
1.5 -2.5 -4.5 -0.8 3.7 1.14 15 6.7 15 10.6 9.1 2.27
2.0 -4.5 -6.9 -2.0 5.0 1.29 2.0 3.6 -1.1 7.3 8.4 2.18
2.5 -6.6 -9.3 -3.9 5.4 1.30 2.5 0.7 -3.6 4.1 7.6 2.04
3.0 -9.1 -12.0 -6.6 5.4 1.28 3.1 -2.4 -6.5 0.6 7.1 1.91
3.6 -12.3 -15.3 -9.9 5.4 1.29 3.6 -6.0 -10.0 -3.2 6.7 1.78
4.2 -16.0 -19.2 -13.7 5.5 1.32 4.3 -10.0 -13.8 -7.4 6.4 1.64
4.8 -20.2 -23.5 -18.1 5.4 1.33 49 -14.4 -18.0 -12.1 5.8 1.51
5.5 -25.2 -28.3 -23.0 5.3 1.34 5.6 -19.4 -22.7 -17.4 5.3 1.42
6.3 -31.0 -33.6 -28.6 5.0 1.33 6.4 -25.2 -28.2 -23.1 51 1.34
7.1 -37.4 -39.7 -35.2 4.5 1.30 7.3 -31.8 -34.7 -29.7 4.9 1.25
8.0 -44.6 -47.0 -42.5 4.4 1.20 8.2 -39.2 -42.1 -37.2 4.8 1.15
9.0 -51.7 -53.3 -49.3 4.0 0.98 9.2 -47.3 -49.8 -45.7 4.2 0.97
10.2 -57.1 -59.0 -54.4 4.6 1.22 10.4 -54.6 -56.4 -52.2 4.2 1.07
11.6 -57.9 -62.4 -53.6 8.8 1.98 11.8 -56.9 -60.2 -54.2 6.0 1.53
134 -56.7 -59.8 -54.3 55 1.37 13.7 -55.5 -57.4 -53.6 3.9 1.10
16.0 -58.9 -61.5 -57.7 3.8 1.12 16.2 -58.3 -59.9 -56.5 34 0.95
20.3 -60.8 -64.1 -56.5 7.6 1.80 20.6 -59.4 -60.8 -58.2 2.7 0.66
26.0 -57.6 -64.4 -50.4 14.0 3.79 26.3 -53.8 -56.7 -50.9 5.8 1.46
Table 2

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during July and October 2012-2016

Param. July Param. October

H, km Mean Min Max Range | StDev | H,km Mean Min Max Range | StDev
0.54 23.5 21.9 25.6 3.7 0.87 0.54 13.1 8.8 17.7 8.9 2.34
15 17.7 16.2 19.3 3.1 0.81 15 6.7 2.5 111 8.6 2.17
2.0 13.9 12.6 15.5 3.0 0.80 2.0 4.0 0.4 8.4 8.0 2.11
2.6 10.5 9.1 12.2 3.1 0.80 2.5 1.7 -1.7 6.3 8.0 2.12
3.1 7.6 6.4 9.4 3.0 0.77 3.1 -0.9 -4.1 3.7 7.8 2.04
3.7 43 3.1 5.8 2.8 0.76 3.7 -4.1 -7.2 0.4 7.6 1.95
4.4 0.4 -0.7 1.8 2.5 0.76 4.3 -7.8 -10.5 -3.3 7.2 1.87
5.1 -4.0 -5.2 -2.5 2.7 0.80 5.0 -11.8 -14.6 -7.6 7.0 1.82
5.8 -8.7 -10.1 -7.0 3.1 0.88 5.7 -16.6 -19.6 -12.4 7.2 1.81
6.6 -13.9 -15.4 -11.9 35 0.93 6.5 -22.2 -25.5 -17.9 7.6 1.82
7.5 -19.5 -21.3 -16.9 4.4 1.10 7.4 -28.6 -32.1 -24.2 7.9 1.86
8.5 -25.6 -28.0 -22.5 5.5 1.46 8.3 -36.0 -39.7 -31.6 8.1 1.87
9.6 -32.2 -35.7 -28.1 75 1.97 9.3 -44.2 -47.8 -40.4 75 1.81
10.9 -38.4 -41.3 -35.1 6.3 1.50 10.5 -52.1 -54.4 -48.9 5.5 1.75
12.4 -45.7 -47.0 -44.9 2.1 0.58 12.0 -57.4 -62.4 -53.7 8.7 2.18
14.2 -55.8 -57.9 -54.5 3.4 0.84 13.8 -59.0 -63.5 -55.5 7.9 1.98
16.8 -64.7 -66.8 -62.0 4.8 1.22 16.3 -61.2 -63.2 -58.7 45 1.18
21.0 -58.7 -59.5 -57.4 2.1 0.57 20.6 -60.8 -63.0 -59.2 3.8 0.98
26.9 -475 -47.9 -47.1 0.8 0.21 26.4 -53.4 -55.5 -50.1 5.4 1.28
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Fig. 1. Vertical distribution of the mean monthly values of the air temperature above the territory of Kakheti
during January, April, July and October 2012-2016.
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Fig. 2. Vertical distribution of a difference of the maximum and minimum mean diurnal values of the air
temperature above the territory of Kakheti during January, April, July and October 2012-2016.
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Fig. 3. Gradient of the vertical distribution of the average monthly values of the air temperature of above the
territory of Kakheti during January, April, July and October 2012-2016.
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Fig. 4. Gradient of the vertical distribution of the average monthly values of the air temperature of above the
territory of Kakheti during July and October 2012-2016 and 1958-1961 [2, 16].

As it follows from Table 1 and Fig. 1 during January the monthly average air temperature (T)
linearly diminishes with 2.5 °C (range from -0.3 to 5.8 °C) on the earth's surface to -57.1 °C (range: -59.0 - -
54.4°C) at the height of 10.2 km, then little it changes up to the height of 26 km (T =-57.6 °C, range: -64.4 -
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-50.4 °C). In April the values of T linearly diminishes with 12.9 °C (range from 8.1 to 16.9°C) on the earth's
surface to -54.6 °C (range: -56.4 - -52.2°C) at the height of 10.4 km, then little it changes up to the height of
26.3 km (T =-53.8 °C, range: -56.7 - -50.9°C).

As it follows from Table 2 and Fig. 1 in July the values of T linearly diminishes with 23.5 °C (range
from 21.9 to 25.6°C) to -64.7 °C (range: -66.8- -62.0°C) at the height of 16.8 km, then it grows to -47.5 °C
(range: -47.9 - -47.1°C) at the height of 26.9 km. In October the values of T linearly diminishes with 13.1 °C
(range from 8.8 to 17.7°C) on the earth's surface to -57.4 °C (range: -62.4 - -53.7°C) at the height of 12.0
km, then little it changes up to the height of 20.6 km (T= -60.8 °C, range: -63.0 --59.2°C) °C) and then it
grows to -53.4 °C (range: -55.5- -50.1°C) at the height of 26.4 km.

Vertical distribution of a difference of the maximum and minimum mean diurnal values of the air

temperature above the territory of Kakheti in Fig. 2 are presented. As it follows from this figure maximum
variations in the air temperature during January at the height of 26 km (14.0 °C), and minimum — in July at
the height of 26.9 km (0.8°C) are observed.

Table 3

Average gradient of the vertical distribution of monthly values of the air temperature and mean height of
zero isotherm above the territory of Kakheti

Parameter January April July October
Gradient, °/km 6.27 6.71 6.14 6.16
Ho, km 1.02 2.63 4.43 2.84

Average gradients of the vertical distribution of monthly values of the air temperature and mean
height of zero isotherm above the territory of Kakheti in the Fig. 4 and Table 3 are presented. During July
and October the monthly average height of zero isotherm is 4.43 and 2.84 km, which correspondingly is
higher on 0.17 and 0.44 km than in 1958-1961. In July the average gradient of vertical distribution of
monthly values of the air temperature during 2012-2016 is 6.14 °/km, and in 1958-1961 — 6.0 °/km. In
October, these values respectively comprise 6.16 and 5.74 °/km. Thus, at present as at the end of the past
century [12] also is observed the influence of the process of warming on the vertical distribution of the air
temperature in eastern Georgia, on which on a small quantity of data it was noted in [18].

Conclusion

In the near future is planned conducting more detailed studies changeability of the vertical
distribution of air temperature above Kakheti for all months of year, including decade, daily and hour
variations. In particular, the indicated information is necessary for the optimum selection of rocket means
with the works on the weather modification (fight with the hail, the regulation of atmospheric precipitations,
etc.), construction of the detailed maps 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 and height of locality.
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BeprukanbHoe pacnpeneienne cpeiHeMeCaYHbIX 3HAYeHU I
TeMIeparypsl Bo3ayxa Haja tepputopueid Kaxeruu (I'py3us) B
HeHTpaJbHbIe Mecsnbl roga 2012-2016 rr.

H.K. :xxampumBuiu, X.3. TapuaamBuiu

Pe3rome

[MpuBoasTCs NaHHbIe 00 U3MEHYHUBOCTH CPEIHUX IMSATUICTHUX 3HAUYECHUH CYTOYHBIX BEIUYHUH TEMIIEPATyPhI
Bo3myxa Hax Kaxerwel I IEeHTpalbHBIX MecsieB roja st nepuoaa ¢ 2012 mo 2016 rr. [IpeacrasieHsr
CTaTUCTHUYECKHUE XapaKTEPUCTHKN TEMIIEPATYPhl BO3IyXa Ha pa3HbIX YPOBHAIX B Auama3zoHe BhICOT OT 0.54 1o
27 xM. B yacTHOCTH, NIpUBEACHBI JAHHBIE O BEPTUKAIBHOM PACIPEACIICHUU CPEAHEMECSUYHBIX 3HAUCHUH
TeMIIepaTyphl BO3AyXa B sIHBape, alpelie, MIoje M OKTAOpE; CpeaHEM 3HAYCHUHM TPAJAUCHTA TEMIIEPaTyphI
BO31yxa JUIS YKa3aHHBIX MecsleB B ciioe arMochepbl or 0.54 10 8.5 KM; cpeIHEMECSYHBbIX 3HAYCHHUSIX
BBICOTHI HYJIEBOM M30TepMbl. OTMEYEHO, YTO BHICOTHI HYJIEBOW U30TEPMBI JUIS UIOJIS M OKTAOpS MECSICB B
2012-2016 coorBerctBerno Ha 0.215 u 0.506 kM BbIlIEe TeX ke Beauuud B 1958-1961 rT.
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ABSTRACT

In the Kakheti region of Georgia in the work of anti-hail system anti-hail rockets "Trayal D 6-B" of the
production of Serbia from September 2016 are used. Some results of the calculations of the optimum areas of
cloud seeding by the crystallizing reagent for 83 points of action located on the protected territory in
Kakheti are given.

Key Words:. Weather modification, anti-hail rockets.

Introduction

Georgia is one of the hail-dangerous countries of world. Large-scale work on the weather
modification in the Soviet period prior to the end of the eightieth years of past century in eastern Georgia,
including fight with the hail was conducted [1,2]. Taking into account importantly this problem  with the
support of the government of Georgia, to the active operation of Scientific-Technical center "Delta", the
collaborators of institute of geophysics and institute of hydrometeorology, the work of anti-hail service in
Kakheti in the end of May 2015 was restored [3-6].

At present the anti-hail service works in the test regime. From the set of anti-hail items [2,7,8] in
2015 year it was possible to acquire the anti-hail rockets SK-6 of the productions of Macedonia [ 2,5,9],
which were used until August 2016. From September 2016 for dealing with the hail anti-hail rockets "Trayal
D 6- B" of the production of Serbia are used [10].

Some results of the calculations of the optimum areas of cloud seeding by the crystallizing reagent for
83 points of action located on the protected territory in Kakheti are given below.

Material and methods

To protect the whole region of Kakheti (650 thousand hectares) in 2016 year 83 launching points were
used. There is a rocket launching device, solar panel, grounding and security systems installed on the
launching site. The launching device carries 26 anti-hail rockets, aims to any given direction and fires
[5,6,8,9]. The launchers at the heights from 205 to 1775 m above sea level placed. In the range of heights
from 205 to 500 m located 34 launchers, from 501 to 700 m - 35 launchers, from 701 to 1000 m - 12
launchers, from 1100 to 1775 m - 2 launchers (Fig. 1).
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which carries 4.0-10% particles

parameters of anti-hail rocket ,Trayal D-6B“ represented lower. The number of rockets needed during one
year estimated to be 5000-6000 units.

20

15

10

Quantity of rocket points of action at different heights.

Fig. 1. Quantity of rocket points of action at different heights in Kakheti in 2016. In all - 83 points.

The anti-hail rocket , Trayal D-6B“ the production of Serbia (fig. 2) is an unguided, 55 mm rocket,
of silver iodide reagent and disperses it for 29 seconds [10]. Some

Fig. 2. Anti-hail Rockets ,, Trayal D-6B* in the container for the transport
(http://www.valjevskaposla.info/wp-content/uploads/2017/04/rakete.jpg).

Anti-hail rocket ,, Trayal D-6B“ parameters.

Rocket quantity in launching device SD-26 or SD-52: 26-52 rockets

Elevation: 55-80°

Traverse: 360°

Rocket diameter: 55 mm

Rocket length: 840 mm

Rocket weight: 3550 gram

Rocket maximum velocity: 600 m/sec

Shoot maximum distance (elevation 55°): 7400 meter

The maximum from sea level (elevation 80°): 5600 meter

The outlet of reagent from the rocket at a temperature -10°C — 4.0-10*° particles

The calculations of the optimum areas of cloud seeding by the crystallizing reagent it was carried out
taking into account level of the zero isotherm (and isotherm -6.0 °C), which as a result of the warming of
climate [11-14] grew by several hundred meters [15,16], and also heights of the arrangement of launchers.
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Results and discussion

The results of calculations on Fig. 3 and 4 are presented.

U

4P

A Mt (‘.’:-_-_’ ( \\
o1 414 ’M*’fh..!dﬁ“\. e, Tl

!’

Optimum areas of cloud seeding by the
crystallizing reagent for the points of
action. (Kakheti region) 127
H(-6°C)=3.6 km. 2 o
Rocket Trayal D-6B.

e
/ ,(,'/\/f""
= al

—

Y -

S

~ ORI

unicipal centers by
Boundary of Kakheti ;egion

- Boundaries of municipalities

ers
_ Beginning of the projection of the active route of rdcket
~Bnd ,o‘f the projection of the active route of rocket

: .0 10 .20 40 Kilometers

. e Y P e | .

- 1:1,000,000 7

Fig. 3. Optimum areas of cloud seeding by the crystallizing reagent for the points of action by anti-hail
rockets “Trayal D-6B” in the protected territory in Kakheti. Height of the isotherm -6°C = 3.6 km.
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Fig. 4. Optimum areas of cloud seeding by the crystallizing reagent for the points of action by anti-hail
rockets “Trayal D-6B” in the protected territory in Kakheti. Height of the isotherm -6°C = 4.4 km.
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Optimum areas of cloud seeding by the crystallizing reagent depend on the height of the arrangement
of launchers and level of isotherm -6°C (Fig. 3,4). As follows from these figures distribution of the optimum
areas of cloud seeding by reagent is unevenly. Basic reason for this - the insufficiently long courses of the
rocket “Trayal D-6B”. Therefore, in near future the production of anti-hail rockets with the improved
ballistic characteristics is planned (increase in the effective radius of action, etc.).

Conclusions

The Anti-hail service in Kakheti for several years will be function in test regime. In this period of time
it is planned to improve means and methods of anti-hail protection in connection with local conditions and
possibilities of obtaining the means of action and tracking of the hail clouds. The newly created distance
automatic system of action on the clouds will be simultaneously improved, a question about the organization
of own production of anti-hail rockets will be examined, etc.
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O0 ncnosb30BaHUM MPOTUBOTPAIOBBIX pakeT “Trayal D 6-B” B
padoTe mpoTuBOrpanoBoii cucrembl B Kaxerun (I'py3usn)
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Pesrome
C centsa6ps 2016 roma B Kaxermnckom perumone ['py3um B paboTe NPOTHBOIPaZOBOM CHUCTEMBI
HCIIONTB3YIOTCS TIPOTUBOTPanoBrie pakeTsl “Trayal D 6-B” mpomssoactBa Cepbun. IlpuBonsTcs HEKOTOpPHIE
pe3ysbTaThl pacyeToB ONTHUMAJIbHBIX IJIOMIAZeH 3aceBa OO0JAKOB KPUCTAJUTU3YIOLUIMM peareHToM ams 83

ITYHKTOB BO3HeﬁCTBHH, PAaCIIOJIOKCHHBIX Ha SaHlHHlaCMOﬁ TCPPUTOPHU B Kaxerun.
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ABSTRACT

Over the period 1855-1996 was observed a long-term increase trend of solar activity, that leads to
temperature rise. In the Caucasus region it is also observed a warming trend. The main goal of this study is
to identify contribution of the Sun on climate variability of Caucasus Mountains and long term prediction of
future climate trend in the region for sustainable development.

Key words: climate change, solar activity.

1. Introduction

Solar radiation is the major source of heat for the Earth. The sun provides light and warmth. In fact
99. 97% of energy budget of the earth arrives from the Sun [1]. This energy to the atmosphere is the primary
driver of the Earth's weather.

Its motions through the sky cause day and night, the passage of the seasons, and earth's varied
climates. The added hours of daylight are one reason why summer is warmer than winter. Another reason
that's even more important: the angle of the mid-day sun.

Global atmospheric circulation strongly affected by the amount of solar radiation received at Earth.
That amount changes based on the Earth’s albedo, that is how much radiation is reflected back from the
Earth’s surface and clouds. The amount of radiation given off by the Sun is changing with solar activity like
sunspots and total solar irradiance.

A reconstruction of total solar irradiance since 1610 to the present estimated by various authors an
increase in the total solar irradiance since the Maunder Minimum of about 1.3 W/m2 [2]. This is a huge
amount of energy, taking into account the Earth’s total land mass.

Currently, our civilization consumes around 17.7 Terawatts of power taken from all sources of
energy, namely oil, coal, natural gas and alternative energies. Every second the Earth’s surface receives
about 100 times more energy from the Sun.

During the period 1855-1996 was observed an increase in temperature in the Northern Hemisphere.
The averaged sunspot number risen about 40% and temperature change on — 4%-10%.

The atmosphere in temperate regions continues to receive more heat than it gives up to space, a
situation that lasts a month or more, depending on the latitude.

Climate of the Earth's has been changed over the 4, 5 billion years of the Earth's geological history.
There have been periods of warming and there have been ice ages.

The Holocene Climate Optimum was a warm period during roughly the interval 9,000 to 5,000 years
Before Present. The Holocene Climate Optimum warm event consisted of increases of up to 4 °C.

The Medieval Warm Period or Medieval Climate Optimum is generally thought to have occurred
from about 950-1250.
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The Little Ice Age was a period of cooling that occurred after the Medieval Warm Period (Fig. 1).
Global warming has happened repeatedly over time: periodical cooling cycles alternated with warming.

The modern Warm Period has been occurred in the period 1880 to 2012, as can be seen from Fig. 2
[3].

Holocene Medieval
Climate Optimum Warm Period
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Climate-Optimum /
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Average near-surface temperatures of the northern hemispere during the past
11.000 years (after Dansgaard et al., 1969, and Schénwiese, 1995)

Fig. 1. Holocene climate variability over the period of 11.000 years
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Fig. 2. Temperature change (NASA/GISS) http://www.giss.nasa.gov/research/news/20100121/
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2. Background

Climate variability in the Caucasus region has to be considered in the context of global climate
change. Common global climate change experience shows heterogeneous effect across regions of the world.
Climate change and associated impacts differs from region to region around the globe. Anticipated effects
include warming global temperature, rising sea levels, changing precipitation, and expansion of deserts in the
subtropics.

Increase of solar activity in the last time has led to increase of air temperature, atmospheric carbon
dioxide and global sea level (Fig. 3 -7).

Yearly averaged sunspots time-series
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Fig. 3. Long-term increase trend of solar activity and temperature anomaly over the period 1880—-1996.

o 1,367.0 - -1
£ Red line: temperature - 08 <
< | =
= 13665 { 2nomaly - 06 2
o Black line: Total Solar - 04 S
8 Irradiance - 02 <
T 1,366.0 - v
- r O -
= -
= - -0.2 g
é 1,365.5 - - -04 g—
] - 06 O
|2 1,365.0 T T T T T '08
1880 1900 1920 1940 1960 1980 2000

Years

Fig. 4. Temperature Anomaly Data of NOAA's National Centers for Environmental Information (NCEI) and
Total Solar Irradiance over the period of 1880-2008.
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3. Long term trends in climate variability of Caucasus region

The Caucasus is a region located between the Black and Caspian Seas. The Greater Caucasus range
moderates local climate by serving as a barrier against cold air from the north. Lesser Caucasus Mountains
partially protect the region from the influence of dry and hot air masses from the south as well [4].

Regional climates in the Caucasus region are largely influenced by distance from the Black and
Caspian Seas and the orography of the Greater and Lesser Caucasus. The prevailing west winds from the
Black Sea loose most of their moisture when crossing the Surami ridge that connects the Greater with the
Lesser Caucasus as a result of orographic lift. Dry winds descend into the Kura valley which therefore has a
more arid character with warm to hot and dry summers and cold winters. Climate change is ambiguous here -
warming in eastern Georgia and cooling in the west [5,6].

Mountains receive less solar radiation than adjacent foothills and plains located a short distance away.
Winds blowing against mountains force some of the air to rise, and clouds form from the moisture in the air
as it cools.

Smoothed Total Solar Irradiance (TSI) values were compared with smoothed weather parameters
over the same period. Our calculations show that temperature change in the region closely depends on Total
Solar Irradiance (TSI). For example temperature in Thilisi over the period 1878-1996 can be written as:

T=0.73TSI-980.2  r=0.83 1)

Thilisi
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Fig. 8. Air temperature time series (a) in Thilisi over the period 1881-1996
and relationship of temperature from solar irradiance (b).
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Fig. 11. Air temperature time series (a) in Gyandzha (Kirovobad) over the period 1882-1996 and relationship
of temperature from solar irradiance (b).
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Temperatures are increasing over entire region and the annual mean amount of precipitation is tending

to decrease.

1000 -

800 -

600

400 -

Precipitation,mm

200

Thilisi 1913-1992

IAV/L\IW/\UA"AVHV‘VAUAU VA\ WA‘MV/\VA V\7/

1900

550 -

Precipitation,mm
(%))
o
)
L

H»
1
o

1920 1940 1960 1980 2000
Years

Thilisi 1913-1992

Pr=-115.6TSI + 15844
r=0.7

1365.6

1365.7 1365.8 1365.9 1366 1366.1 1366.2
Total Solar Irradiance,W/m2

Figure 14. Precipitation time series (a) and decrease trend in Thilisi over the period 1913-1992 in

dependence from solar irradiance (b).

86



The same trend shows time series of Yerevan and Makhachkala station precipitation (Fig. 15).
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This precipitation trend is typical for rain shadow located on the side of a mountain range that is
protected from the prevailing winds [7]. The mountains block the passage of rain-producing weather systems
and cast a "shadow" of dryness behind them. Wind and moist air is drawn by the prevailing winds towards
the top of the mountains, where it condenses and precipitates before it crosses the top.
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Table 1

Comparison of Caucasus weather stations altitudes show different temperature change.

Weather station Altitude Observed period Air °C increase
Gumri 1523 m 1902-1996 0.70
Yerevan 907 m 1890-1996 0.70
Thilisi 490 m 1878-1996 0.45
Kirovobad 408 m 1878-1996 0.50
Makhachkala 32m 1890-1986 0.78
Pjatigorsk 538m 1902-1996 0.70

Temperature change in Thilisi points out good correlation with temperature variability in Geneva
(Switzerland) altitude 420 m, although temperature increase over the same period 1878-1996 more high -
1.7 °C (Fig. 17).This can be explained more intensive prevailing west winds from the Atlantic Ocean, that
more weak in the Caucasus region.
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Fig. 16. Dependence of air temperature in Geneva from Total Solar Activity (a) and air temperature in Thilisi
(Ttb) from temperature in Geneva (Genf) over the period 1878-1996.

Moderate temperature increase trend in the Caucasus region can be connected with mountainous
topography. The southern slopes of the Caucasus Mountain Range receive more solar irradiance.
Amount of Total Solar Irradiance on the different slopes varies in mountain disposition south/north -
ratio -1.62, south/east- ratio 1.54, south /west ratio -1.56 [8]. In the Northern hemisphere, south-facing slopes
receive more direct sunlight and have a warmer climate than those facing north.

Conclusion

More sunspots deliver more energy to the atmosphere, by way of increased brightness of the Sun and
solar wind what tend to warm the Earth. Solar activity affects the Earth in many ways, some which we are
still coming to understand.

In accordance with National Geophysical Data Center (NGDC) forecasting the solar cycles 24 and 25
will be very weak: averaged sunspot numbers W-35 for the solar cycle 24 and for the solar cycle 25 less than
W-35, NGDC (2009). Total Solar Irradiance will equal -1365,48. (23 cycle -1366,09).

This actually will lead to a decrease of the temperature on 0.5-0. 7 C in both averaged solar cycles, in
Geneva will decrease to 1.5 C. Temperature of air will be lower in the Northern Hemisphere. Precipitation
rate in Caucasus will be more in average on 100-150 mm in dependence from location.

The World Ocean level also will be lower, due to more snow and glacier accumulation on continents.
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ABSTRACT
The article deals with the issues relating to the innovative technologies of green coverage arrangement on
the roofs of the buildings and structures.there are widely represented the cover types and detailed
characteristics of their structures.The appropriate conclusions are made, which describe the technical and
environmental advantages of the green pavement arrangement. They show both, positive (Ecological,
economic, psychological, business, security and aestheticism) and negative sides.

Key Words: roof; green coverage; green plants; ecology.

Introduction

The human and nature relationship starts from the very biginning. Since then, people not only accepted
surroundings but they have started its tranformation: cutting down forests, cultivated land, made build roads
and bridges, new towns and so on. The big sities population growing and the science and technology
developement made it easier for people to use nature.

Recently, a lot of houses were built and the most of them were built in the prestigious districts.

The density of constructions has distroyed the green areas. Dramatically increased the number of cars.

The Sidewalks turned into car parkings. A large number of vehicles caused the air pollution.
Due to the multi-storey building density they shade each-other and lighting standards are violated and many
flats have no enough sunlight. Super urbanization has led to the deterioration of the living conditions of the
people and the climate [1-5]. Especially heavy situation in Thilisi city and environments of the city [6-9],
where there is only an small quantity of recreational zones [10-12].

An integral part of urban life — parks and squares. Recreational areas around the city are deplorable.
Extensive analysis of the environmental situation are not done. Ongoing constructions in the recreation areas,
green zones and especially the prestigious districts (photo 1, 2, 3) start without environmental impact
assessment documents. Nobody measures the noize, and no one discusses the greenery and ventilation
issues. Considering this situation the urban planning ecology issue is becoming increasingly important.
Moreover, the we talk about the million-city, which ecological situationis in a critical situation [8,13].

Photo 1. Thilisi Sports Palace surrounding area:
a) XX century 80-s and b) Now
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Photo 2. The former Hippodrome a) XX century, in the 80-s and b) now
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Photo 3. The construction boom in Kipshidze street:
a) view from the river Vere gorge; b) view from Chavchavadze Avenue
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MAIN PART

At present situation of the ecological environment deterioration in big cities, it is very important the
improvement of building design and construction.

In the big blocks of flats,where people feel themselves far from the nature there is possible to arrange
the recreation area with plants, that can improve the buildings ecological situation [14].

In order to live more comfortable in the houses people used to build houses with green covering from
the herbaceous plants that provided the protection of the microclimate of the houses.

In ancient times, gardens and small grass lawn leisure facilities were built 2,500 years ago in Assyrian
and Babylon. The most obvious example is the Hanging Gardens of Semiramida. Gradually Hanging
Gardens and green areas cultivation have begun not only in Asia, but also in Europe.

Scandinavian countries, particularly Norway, practice grass-covered areas over several centuries.

The green environment can make life comfortable conditions, which lead to ecological situation
improvement (Improving the air, creating a micro-climate) As well as psychological and emotional
rehabilitation capacity expansion.

Along with the growth of cities is becoming the one of the equally important aspects of the architecture -
“the fifth facade" of buildings. The great problem of big cities is the Lack of free land and a big price. Green
roofs are particularly important for the economic and ecological point of view.

In 1960 the German architect arranged the recreation area on the roof and called it “the green roof”. Of
course, the green roof is better than the traditional roof from the aesthetic and architectural points of view.
Because, as a rule, the traditional roofs are not arranged in order to be aesthetic.

On the background of global climate change the developed countries such as North America and
European countries, especially in metropolises (photo 4), have in their eco programs the green coverage
arrangement. For example, the green roof is actively developing in cities such as Copenhagen, Paris,
London, Berlin, New York, Chicago and others. There are many examples in Asia-Thailand, China and so
on.

Photo 4. Green coverage examples

It’s well known green coverage vegetation types, structures and diversity. Green coverage consists of 6
main layers: 1. Plant layer; 2. Soil substrates; 3. Filtration layer; 4. Drainage system; 5. waterproofing layer;
6. The insulation layer. In some cases, the composition or the material may be different (photo 5) [15,16].

The number of layers can change and be more in different cases due to the technologies (fig.1, 2).
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Fig. 1. The cover construction of greenery: Fig. 2. green cover assent to wall:
1 — geotextile 350-400 g / m?; 2 - Planter life; 1 - roofing tile; 2 - lightweight concrete layer; 3 - reinforced
3 - ground; 4 - Greening; 5 - roofing tile; 6 - Steam cement-sand crust;4- primaries;5, 6 - 2 insulating layer;
insulation; 7 - hitter; 8 - reinforced cement-sand crust; 7, 8 - geotextile;9 - foam polystyrene; 10 - drainage
9 - bitumen primer; 10 —hydro isolation 2 layer; 11 -plastic membrane; 11 - soil; 12 - Geotextile; 13 — Gravel a fraction
layer;12 - Drainage component; 13 - reinforced cement-sand 20-40 mm;14 - Marginal metal backed sealing strip;
crust; 14 - sidewalks or floor tiles 15 - hermetick; 16 - plaster layer.

2 kinds of geen coverage is known in modern desighn: extensive and inverted [3].

The extensive coverage (photo 5) is not used for walking. You can only walk on special places of this
kind of coverage. The soil layer is not more than 0,07-0,15mm. Which gives us the chance to plant only
small plants. Onli special kinds of greenery or moss can be planted here in the spesial capacities.

The plant must have the horizontal root system. The estensive coverage in water saturated condition is
80-100 kg/m? ‘we can plant varety of small, drought resistant plants.The soil is saturated with essential
minerals. There are 80% of extensive green coverage in Germany because it can easily return the investment
back and can bring great ecological and floodin protection benefits to the densely populated city.

Photo 5. Green extensive roofs

Green intensive(inversive) roof —is a construction, where we can arrange not only the lawn, but also
the gardens with trees and bushes and maybe with fountains and pools (photo 6) the intensive roofs must
have parapets minimal height 1.2 m and the soil height — 0.2 — 0.6 m.
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Photo 6. Green intensive roofs

Green, intensive coverage other items (pools, fountains, benches, trees and so on) and the soil thickness
usually increases the load on the roof bearing elements. Because of this they take into account the green
coverage structure on the stage of designing. It must be accounted the weight of the construction.

Here is some of the structural composition of green coverage [17]:

1. Green coverage plants selection must be provided individually and depends on the environment,
green coverage location, soil thickness and the customer’s wish. They usually choose moss or grass for the
green coverage, meadow flowers and mountain flowers depending on the building location and the climate
conditions

2. Soil Substrate. For soil it’s used the substrate, which is much lighter, than the soil (peat or something
else). This can significantly reduce base load. The lightened green coverage construction is particularly
relevant for intensive coverage arrangement.

3. Filter layer usually consists of geo textile and root protective shell. The geo textile is used as
filtering layer to avoid leak of soil particles in drainage and avoid congestion (photo 7).

Photo7. Geotextiles

For the green coverage it’s used the thermally hardened geo textile, the construction is made so that it
practically can’t be sledged and has a great operation period in given conditions. The root protective layer is
arranged after the geo textile (photo 8), (preferably made of nonwoven polypropylene).lt is not
recommended concrete or asphalt-concrete layer for the root protected layer.

4. Drainage systemcan be performed in some options:

o Perforated drainage layer with using water pipes;
o Perforated polystyrene tiles;

e Gravel;

o Drainage layer (photo 9).
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Photo 8. Root protective layer Photo 9. Drainage layer

The perforated high strength polystirol or plastic pipes made of high pressure are used as drainage
pipes. During the drainage system arrangement the soil depth and average rainfall amount should be
considered. The soil layer thickness is measured considering the plant layer root deepening. When we
arrange the extensive covering, the root deepening is about 20 cm and the deep drainage is not necessary.

5. Waterproofing layer — is protecting the green coverage from water and moisture liking into the
building or the building walls outer surface. The variety of membranes is used for the green coverage
waterproof layer arrangement. For example,

e Polymer waterproofing membranes on bitumen base and anti-root protection (ecological material),

photo 10;

Photo 10. Polymer waterproofing membranes on bitumen base

o Polymer- with anti-root protection based on synthetic (operating period of 60 years), photo 11;
= T CELuaw W
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Photoll. Polymer waterproof membrane arrangement on the synthetic base

e Aluminum or copper foil with additional protective membrane;
e With liquid resins;
As rule, the waterproof layer on the flat roofs is arranged with 3-5% inclination.
6. Insulation layer. It’s recommended to arrange the insulation layer from the glass foam or perlite
sand. The glass-foam does not conduct the moisture and it is not toxic for plants and soil micro flora. The
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extruded polystyrene foam tiles and mineral wadding is used for hitting. They also put the soil into the small
plastic boxes (0.5x0.5m) to simplify the job (photo 12).

Photo 12. Plastic boxes for soil and the box arrangement

Intensive green coverage differs from extensive one by the soil thickness and hitters placement- its
situated on the waterproof layer, not under it. This can protect it from mechanical damage.
Photo 13 presents the chart which determines the roof load size dependence on soil layer thickness.

~J

't,m,aa, 13 60 30 20 15
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33738.8 900 450 350 250

Photo 13. The size of the load on the roof of green cover soil layer thickness and plant diversity

The table below shows the relative data of two green coverages. The table shows, that the extensive
coverage is better than intensive one:
o Relatively low price;
¢ less load on the coverage bearings;
e Easy storage and maintenance.

Table

Extensive greening Intensive greening

Does not provide being people on the covering Gives possibility to arrange the garden on the green
coverage, where people can walk

Plant monotony Variety of bushes and trees
Don’t need frequent watering and special care It needs special care and watering as normal garden
Don’t need frequent technical services Needs good technical services
The coverage arrangement is possible on the roofs of | Gives possibility to locate flowers, bushes, trees,
various inclination leisure zones, and pools on the roof.
Small weight Medium and large weight
Possible arrangement on the existed buildings Must be developed on the building design stage
Cheapness High price
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Conclusion

The positive sides of green coverage arrangement — ecological, economical, psychological, business,

security and aestheticism;

1

10.
11.
12.

13.

14.

Ecological situation improvement - the plants of the green coverage reduce harmful substances in

the air due CO; absorption and oxygen gas emissions. It’s calculated, that 150 m’of green cover age
allocates the oxygen that is enough for 100 people in a year. The green coverage plants neutralize the
big amount of dust and harmful air, created favorable bioclimate [10-12,18,19]. 1000 m’ of extensive
green coverage can absorb 8 kg dust in a year, and air near the green coverage is fresh and includes
the 37%-less SO, and 21%-less CO;

. Reduces the noise impact (up to 8-10 dcb). The soil can absorb the low- frequency sounds and the

plants can absorb the high-frequency sounds;

. The green coverage also moist air. The coverage can deter or partially absorb 50-70% of rain water;
. It 3-4 times increases the coverage construction validity because of the sun’s ultraviolet rays and

overheating protection (sun rays can hit the coverage up to 80°C). The green coverage arrangement can
prolong the ordinary flat coverage life up to 60%. It’s known, that the green coverage usage can save our
expenses up to 60%;

. Green coverage on the roofs is fire prevention;
. Green coverage performs a natural function of the thermal insulation on this base the energy costs

reduce for heating and cooling of buildings;

. Green coverage can be used for vegetable or fruit gardens, Industrial greenhouses or for the leisure

zone; It can be arranged the football stadiums, Children's playground, cafe, restaurant,
Terraced places for business meetings. All this can give extra income;

. This kind of coverage is very aesthetically beautiful — the green coverage of houses with beautiful

flowers and green balconies can create the daily comfort;

. The status will rise and will increase the value of real estate—Ecological house and a beautiful view will

increase the house price;

Green cover improves the microclimate in the building too;

It is important in terms of employment because It’s needed not only builders, architect and workers,
but It is important to botanists, gardeners and environmental ists involvement;

If the green coverage design is high quality, and the construction is made due all the rules, than we can
say that the green roofs will return the investment we put into the coverage and at the and, it will be
much more cheaper than traditional roofing;

The green coverage operational period length — It’s well known, that the temperature is very high on

the traditional roof in summer. Hit often damages the insulating layer and we have to change them. In
Georgia it’s recommended to change the roof every 10-15 years but the green roofs operation length is
about 50-70 years because of plants protection from sun rays and other kind of damages;
Existing channels in our cities can’t provide a large amount of water to drain during heavy rains
because there is no more greenery in our towns. We have huge buildings everywhere instead of
gardens and parks. Large amount of water comes from the building roofs and joins torrents which
become more affluent. At the same time, the drainage channels are polluted and the household waste,
leaves and so on fall into the wells. All these damage ecosystem.
Regrettably, in Georgia, there is no study on loosing that carry the torrents but the fact is that heavy
rains damage vehicles, electric wires, flats, people...For example, in 2010-2011, in Thilisi children
have died because of flooding. One of the cheap ways for the problem solving is green coverage.
Green roof can absorb the rainfall and filter the water, as a result, there is a little amount of clean water
in the drainage systems (photo 14).
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Photo 14. Water amount in the drainage system:
a) in case of green coverage; b)in case of
traditional roofing

15. Very often the planting of greenery is done by using the lawn rolls. There are some organizations in
USA and European countries which have their own fields and they supplying stadiums, parks, yards
and firms that organize green roofs of buildings. They make lawn rolls in the fields and than transport
those into a construction work site (photo 15).

Photo 15. Lawn rolls making abroad

Roof arrangement in this way is a quite effective business in countries, where green roofs set aside
for the construction legislation. Purchasing ready-made rolls, firm saves the time on plant growing and has
green coverage arranging possibility at any time of year. But gardeners and botanists decide which the best
time for sowing is.
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ABSTRACT

A detailed environmental study of any section of the city of Thilisi on the subject of environmental hazards is
a particularly urgent issue. From this point of view, the area of Mount Mahat is special, because Here for
several years now operates the Church of Virgin Mary of lberia Cathedral. 2012-13 years. A
radioecological and agrochemical study was conducted on that site in the territory of Mount Makhata,
where the Church of the Iberian Mother of God will be located. Laboratory studies of soil samples taken
from this area were carried out at the research center of the Ministry of Agriculture. According to the initial
data of environmental monitoring, it can be considered that the investigated territory is either a polluted
medium level or a little polluted. Here the criterion is the content of a specific pollutant element, which
should be less than the maximum permissible concentration of radionuclide in excess of the former Soviet
standards. The background of agrochemical contamination on the investigated site is also not alarming.
However, in spite of the fact that the radiation monitoring did not reveal significant contamination with
radiation spots or point sources, periodic ecological monitoring of the investigated territory should continue
to be continued in the future.

Key words: Radiation monitoring, agrochemical monitoring, heavy metals, Makhata mount
Preface

The Makhata Mountain is located on the left bank of the river Mtkvari, to the north of the central part
of Thilisi city, between the eastern edge of the city and the Thilisi Sea (reservoir), at ~600 m above sea level
(Pic. 1). Nowadays the territory is a part of the ex-terrace of the mountain. The Makhata Mountain is built of
upper Eocene clay and sand covered with the Quaternary alluvial sediments. It is characterized with flat top,
slanting eastern and southern slopes and steep western and northern slopes.

Pic. 1
Virgin Mary church and surrounding Makhata mountain of area.
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In 2012 on the Makhata Mountain the building process of the Church of Virgin Mary of Iberia was
launched. The foundation was blessed by Catholicos-Patriarch of All Georgia llia 1l. The Makhata territory
is of special significance regarding both its historical past and current meaning. It is natural that like other
residential areas the site must be ecologically safe for the population. In this regard in 2012-2013 radio-
ecological and agro-chemical investigations were carried out on the mountain area for the Church of Virgin
Mary of Iberia. The soil samples taken from the territory were studied at Scientific-Research Center of
Agriculture.

Actuality, novelty and formulation of the task

As a rule, detailed investigation of any area of Thilisi regarding ecological safety is an especially
important issue. In this view point the Makhata territory is of great significance as far as the Cathedral has
been functioning for several years at this place. As the Cathedral was being built the relevant infrastructures
were developed simultaneously: roads, buildings for rite, different auxiliary facilities and communications
were built. Thus, the Makhata area, which is already densely urbanized, nowadays includes religious
buildings of the Sameba Cathedral and the Church of Virgin Mary of Iberia, which are public places for a
large quantity of people. Taking into consideration that during the Soviet period several important military
facilities were located on the territory it is natural that ecological safety of such places is of the most
significant issues.

Extremely high pollution of environment caused due to unsystematic industrialization was a problem
characteristic of the last century. Its dramatic results were deteriorated by the Soviet military facilities.
Nowadays many military objects have been replaced with civil ones. Therefore, ecological investigation
(especially radiation monitoring) of these places is quite necessary in certain cases. It is considered that
among civil factors for environment pollution the most significant reasons are industry and agriculture [1-6].
One more factor is natural erosion of soil. This factor is especially strong at the places of probable deep
contamination of rocks, e.g. near mines and quarries. Saturation of the soil with chemicals plays the most
minor role in the contamination of such places. Different artificial radioactive sources also often take part in
environment pollution, e.g. before the 70-s of the 20" century massive environmental radioactive
contamination was caused due to nuclear weapons tests in the atmosphere, also dissipation of radionuclides
and spillage of radioactive water out into the environment from some nuclear electric power station. Besides
the direct effects on ecosystem, natural and artificial radionuclides have indirectly environmental effects
(acceleration of the formation of secondary aerosols, influence on the clouds microphysics, atmospheric
precipitation, etc.) [7-9].

In this regard disastrous ecological results of several nucleus accidents are well known for public, for
example, the Chernobyl Disaster was followed by especially widespread contamination caused by
radionuclides, whereas during the Fukushima Disaster great quantity of radioactive water was spread into the
environment [10,11]. Besides, as we have mentioned above, the environment is significantly contaminated
by mining and transport fumes, as a result of which great quantity of radionuclides and heavy metals appear
in the soil.

Besides the above mentioned civil pollution sources, the territory of Georgia was significantly
contaminated by the former Soviet military facilities. Unfortunately, the most of them were located in urban
areas in the centre of Thilisi as well as in its vicinity, for example, several significant facilities (munition-
factory Arsenal, headquarters of air forces, arsenal) were located on the Makhata Mountain. As it appeared
after the collapse of the Soviet Union there had been no radiation control kept on many of the military
facilities. Namely, contamination of environment and buildings by radionuclides and point radioactive
sources was observed at many places of Georgia. Very often the radioactive contamination was followed by
pollution with heavy metals, e.g. on the Makhata Mountain at the site of the former Soviet facilities the soil
was contaminated by radiation. As a rule, it was caused by point radioactive sources, the significant quantity
of which in the past was kept at military facilities (munition-factory Arsenal, headquarters of air forces,
arsenal) located on the territory of the Makhata Mountain. These facilities were investigated within the
framework of a special international programme (NATO grant G564 — Complex monitoring of military
bases in Georgia 2002-2004). According to the specification of the programme this preliminary (2002)
investigation included observations of only the areas of former and active military facilities and their
surrounding territories. Thus, we may state that detailed radioecological monitoring of the civil (urban) part
of the Makhata Mountain has not taken place if not taken into account the not quite detailed air monitoring
of Thilisi during the last years of the Communist period. Perfect ecological monitoring has neither been
fulfilled during the building process of the cathedral. In this period the building area underwent significant
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technologic pressure. Huge masses of soil were cut off and flattened. At this time contaminating elements
must have been distributed on the surface from the local foci (in the case of their existence). Consequently,
we may suppose that since the Soviet period the building area has probably been contaminated with
radionuclides regarding its nearness to the munition-factory. Thus, we once again state actuality of our task,
the goal of which, first of all, is to verify radioecological safety of the territory and surroundings of the
Cathedral and the Tsminda loane Church (Church of Saint John).

It is obvious that such task must include radiation monitoring in front of the Makhata Mountain
slope, which is adjacent to a very densely populated area and also quite a large territory to the north of the
cathedral (so called Arsenal settlement) to the Thilisi Sea. Like at any other places, in this area any kind of
radioactive influence on humans and the environment from any kind of radiation source should be excluded.
The level of contamination of the soil with heavy metals (radioactive elements) should be also determined,
which is much more labour-intensive task compared to surface radiation monitoring. Exactly this is the goal
of the 2012-2018 special research programme, the part of which is our research. This programme includes
preliminary ecological monitoring at the areas of probable radioactive pollution. Such investigations are
essential for obtaining data on the background states in case of revealing probable serious contamination of
the soil in the Makhata area and its adjacent territory. Otherwise, it would be impossible to determine the
measures of improvement of the soil conditions in case it is required. As a rule, new background states must
correspond to the permissible concentration of contaminating elements, though nowadays there is some
ambiguity regarding this issue [12,13]. It is clear that requirements of ecological safety must be properly
fulfilled for agricultural lands and urban areas. In this regard it is obvious that we consider the Makhata
territory as one of the special zones of Thilisi. In 2012-2013 the soil parameters on the building territory and
the area adjacent to the Church of the Virgin Mary of Iberia were measured for three times. At certain points
selected, according to due rules, together with soil composition the natural radiation background in the
atmosphere was determined on the whole territory of Makhata including the yard of the Sameba Cathedral.
The natural radiation background varied within the permissible levels: /0-20/ microSv. This result was
expected as far as unlike West Georgia the natural radiation background in East Georgia has mainly been
within the permissible limits during the whole period of instrumental measurements even after the Chernobyl
Disaster. However, it is known that even before the Chernobyl Disaster artificial radionuclides had
penetrated into the territory of Georgia as a result of nuclear weapons tests taking place before 1963 in the
Earth’s atmosphere. We suppose that exactly this is the reason for probable difference in radionuclide
concentration in various types of soils adjacent to one another that is accepted according to radiation-hygiene
and sanitary standards.

In this viewpoint the most interesting is radionuclide Cs'*, which appeared in a big amount in the
radioactive cloud after the Chernobyl Disaster. At the same time the Institute of Physics and Technology of
Sokhumi on its own initiation carried out radiation monitoring of the Abkhazian coastline [1,13]. The
monitoring results showed that the Cs™’ concentration was especially high. Generally, according to the
evaluation system of that time, radioactivity measured at different places varied within interval (2-5
curie/km?), which must have been considered alarming. In 1991 the contamination level was verified at some
places. It showed decrease in radioactivity, which must have been a result of decrease only in radionuclides,
namely, in the Cesium concentration. Naturally, this effect is connected with atmospheric precipitations,
which are especially frequent in West Georgia, namely in Abkhazia, compared to those of East Georgia.
Despite the relatively weak diffusion effect nowadays in East Georgia the level of contamination by Cesium
may not be higher than contamination by other elements, e.g. Potassium and Phosphorus. We consider the
Cesium contamination level, which was recorded thirty years ago in East Georgia, nhamely in Thilisi [
10,14,15] as a basis for such claiming. That time Thilisi city appeared in a Cesium contamination zone by
isoline 0.1 curie/km?. Volumetric radioactivity as 22 Bg/kg approximately corresponded to such surface
radioactivity. Taking into account the diffusion effect and the time period, which has passed after the
measurement, the volumetric radioactivity measured earlier must have been halved. This means that the role
of Cesium, compared to other radioactive elements, in the contamination of territory of the Makhata
Mountain must be relatively lower nowadays.

Thus, as a result of the analysis of the soil samples obtained on the Makhata territory (not less than
100 samples obtained during each field work) we determined the level of contamination with radioactive and
chemical elements. The samples were removed without a grid, while the sample points were selected
randomly and the distance between neighbouring points was 10-12 m. The agrochemical analysis was made
by approved standard methodology. Approximately 1000 points were checked during each field work of the
radiation monitoring process. For the radiation investigations military field radiation dosemeter PIT was
used. The monitoring process did not reveal any artificial point radiation source.

103



In table 1, which corresponds to the territory of Tsminda loane Church, the results of the agrochemical
analysis are shown. This site is characterized with dark grey soil, [16] which is homogenous here on a quite
large area; N1 denotes datum of the soil sample obtained from the foundation. The sample is a mixed soil.
This means that the obtained datum is average. The data, which correspond to the samples taken from the
angles of the 50m side square shape territory around the church foundation (digging depth — 0-60 cm,
interval — 20 cm; N1-N5) are also average.

Table 1

Main agrochemical data of the soil composition. lveeri’s Monastery Complex Church

Nitrogen Phosphorus Potassium
£ I - - g | =
Depth in cm é c:—\u o5 _ | & 25 _ f_\u T 8m
E s |253 | | 223 ¢ f |3
8 g |° |8% |8
Average None
0-60 3.2 0.19 7.2 3.2 7.3 1.29 6.3
0-20 4.9 0.27 9.9 5.2 11.4 1.38 6.3 None
20-40 3.0 0.18 6.9 3.1 7.2 1.31 6.2
40-60 1.3 0.14 3.8 1.4 34 1.20 6.4
0-20 5.0 0.21 114 5.2 11.2 1.52 7.3 2.8
20-40 2.6 0.12 6.2 3.1 5.3 1.44 7.3 2.
40-60 1.3 0.08 4.8 1.7 3.2 1.38 7.5 6.9
0-20 5.2 0.26 15.8 5.2 12.1 1.51 7.7 18.8
20-40 1.8 0.18 7.9 3.1 8.9 1.45 7.9 21.6
40-60 1.2 0.13 6.3 1.9 5.1 1.39 8.0 38.3
0-20 4.9 0.19 14.2 53 12.7 1.45 7.4 9.9
20-40 3.1 0.11 7.4 3.3 7.9 1.38 7.5 11.3
40-60 1.1 0.07 3.2 1.2 4.6 1.35 7.7 14.7

Besides chemical analysis, by means of the samples taken from the points constituting Table 1 we
carried out radiological analysis (table 2) and analysis of heavy metal concentration in the soil (table 3).

Table 2
Iveeris Monastery Complex

Radionuclide(Bg/kg); - § o~ S § - S § + 8 5 - 8 5
(Averaged 0-60 cm) 2o~ | 238 23~ | 23~ 2 S~
IS IS 3% ¥¥ =

K 493 481 404 465 264

*Ra 12 5 9 15 5

2087] 5.9 9.2 13 11 9.5

224Ra 208 369 191 280 275
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Table 3

Heavy metals - Iveeris Monastery Complex mg/kg

1 Fe 590.135 582.21 307.27 438.96 479.70
2 Mn 13.31 937 826 1040 1034
3 Ni 10.7 12.7 0.1 12.7 9.0
4 Cu 82.9 72.7 64.1 77.2 74.2
5 Pb 102 123 129 146 125
6 Zn 244 202 154 286 199
7 Co 7.7 5.8 - 0.7 3.05

As seen from the above tables, the laboratory analysis, besides the church foundations and its
adjacent dark grey soil, shows sufficient material for general agrochemical characterizing of all the types of
soils on the Makhata Mountain. Indeed, Table 4 indicates that the Makhata territory contains dark grey,
forest brown and field type soils and mixed soils between them, though here mainly dark grey soils of
different thicknesses are met. They have developed on eroded products of sandstone, porphyry and andesite.
Besides, the soils here have different profile thickness in accordance with the relief sloping.

Table 4
No Nitrogen Phosphorus Potassium
[
= gt g
5 = 3 % £ L s3
1% X > = = = - = > = D D o
£ 12 |5 |38 E%|2%|8% 3% 22| |3
s S = T O SO | O goO o O s < )
= |5 |5 |58/ %s|Bs|8s 58|82/ |¢
n &) T Oa| IS e <3 (O Jper .= o @]
1 - 0-20 5.2 2.7 10.3 0.52 114 1.38 38.2 6.3
% 20-40 3.1 1.8 7.2 0.31 7.2 1.31 34.0 6.2 %
-:% 40-60 1.4 1.4 41 0.14 3.4 1.20 28.7 6.4 =z
a)
2 - 0-20 2.7 2.2 12.1 0.52 8.9 1.41 39.9 6.0
% 20-40 2.1 1.8 6.0 0.31 5.3 1.30 36.2 6.2 %
—:‘? 40-60 1.7 1.5 3.7 0.15 3.0 1.21 30.0 6.5 zZ
a)
3 = 0-20 3.7 2.1 114 0.52 12.2 1.52 32.4 7.3 2.8
- 2 20-40 2.4 1.2 6.2 0.31 53 1.44 28.7 7.3 2.5
§ % 40-60 1.3 0.8 4.8 0.17 3.3 1.38 21.4 7.5 6.9
£ 5
4 ® 0-20 3.5 2.6 15.2 5.2 13.2 1.54 421 1.7 18.8
‘é § 20-40 1.7 1.8 7.8 3.1 9.4 1.51 38.5 7.9 21.6
ES_| 4060 | 11 | 1.3 | 62 | 19 | 55 | 149 | 340 | 80 | 383
E G ©
o wmw
5 0-20 2.6 1.9 14.2 5.2 12.7 1.25 27.7 7.4 9.9
% = 20-40 1.2 1.1 7.4 3.1 7.9 1.18 22.5 7.5 11.3
g 3 —| 40-60 0.8 0.7 3.2 1.10 4.6 1.15 20.1 1.7 14.7
=33
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6 0-20 3.2 2.5 14.2 5.2 17.6 1.86 36.5 7.1 2.8
20-40 1.9 2.1 9.9 3.1 12.0 1.74 33.0 7.4 2.4
40-60 1.2 1.8 7.2 111 8.4 1.49 28.4 7.4 18.3

Black soil

Thus, on the basis of the preliminary study we may consider that at the monitoring sites the level of
the agrochemical contamination in the soils of Makhata territory is not significant. It is obvious that such
conclusion is correct only in case of fulfilling soil purity criteria, according to which the concentration level
of a concrete contaminating element must be less than the maximum concentration limit established for this
element. However, it is known that determination of a maximum concentration limit for some elements is a
world-wide problem, which makes it very difficult to assess ecological hazards. In order to prove this, e.g.,
we can present some former Soviet standards, which, due to absence of new standards in Georgia, are
considered permissible even nowadays [17]:

Lead: approximate safe level for this element in clay carbonated soils is 65 mg/kg. Consequently,
according to Table 4 in some soil samples obtained by us the level of contamination by lead (1.92-1.59
times) exceeds the approximate safe level.

Nickel: Unlike lead, the level of contamination by this element in our samples appeared much lower
than the Soviet approximate safe level 40 mg/kg. Namely, in this case the contamination level is (4-500
times) less than the approximate safe level.

Copper: The level of contamination by this element is near the approximate safe level — 66 mg/kg
(1.25-0.97 times).

Regarding that our goal is general assessment of the level of contamination in the Makhata territory
soils we suppose that Table 5 is quite useful. It shows concentration of chemical elements in soils at
randomly selected sites. Table 6 is compiled in the same way. It shows concentration of radioactive elements
and heavy metals in some of those 100 samples, the analysis of which was done. It is obvious that the
absolute values of the data in this table is insignificantly changed compared to the data in the tables 2 and 3
(A(max) =40-50 % ).

Table 5
Points dispersed in any direction, Bg/kg
Coordinates
KAO Ra226 T1208 Ra224 Csl37 Bile Pb214 Pb212 Th228

Lat 44,84083 493 27
Long 41,71465

Lat 44,84149 441 12 57 —
Long 41,71329

Lat 44,84042 292 12 221 5 13 -
Long 41,71336

Lat 44,84067 395 9.2 369 -
Long 41,71473

Lat 44,84161 404 12 191 9.2 19 -
Long 41,71473

Lat 44,83991 465 13 15 16 21 -
Long 41,71546

Lat 44,8398 432 15 280 15 -
Long 41,7144

Lat 44,83755 466 275 8.7 19 32 -
Long 41,71601
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Lat 44,85752 377 15 5.9 155 19 21 -
Long 41,71612

Lat 44,85746 364 17 9.5 271 10 16 -
Long 41,75460

Lat 44,86601 542 11 313 23 -
Long 41,76560

Lat 44,86612 497 23 267 18 33 18 -
Long 41,75532

Table 6 is a simple illustration of the fact connected with the differences of national ecological-
sanitary standards in different countries [17]. Namely, there are no universally permissible limits for soil
contamination by radioactive elements. Therefore, we have received certain degree of freedom regarding
exceedance in permissible concentration (EPC). This parameter practically determines the value of
exceeding the maximum permissible concentration (MPC) of some element in soil in order to consider it life-
threatening. Therefore, it is considered that for assessment of ecological hazards and evaluation of life-
threatening concentration we may use the following formula: A=EPC - MPC, where MPC is a measured
concentration. As a rule, it is obvious that for a concrete contaminating element the theoretical value must be
compared to the results of the laboratory analysis. Besides, by analogy with heavy metals for various
radioactive elements the EPC must be different. It is also noteworthy that, compared to radioactive elements,
reliability of assessment of contamination by heavy metals is higher as far as for metals practically all EPC-
s are known. This parameter varies according the class a heavy metal belongs to: 1. very hazardous; 2.
moderately hazardous; 3. less hazardous. According to this classification in various countries different
standards of EPC are established. Table 6 is an illustration of such standards and enables comparing EPC
standards in Netherlands [17] and the EPC standards in the former Soviet Union. The comparative analysis
shows that, e.g., in Netherlands the concentration of lead in sand, sandstone and some soils may 55-times
exceed MPC, the established value of which for this country was 6.0 mg/kg. Consequently, in Netherlands
the moderately hazardous for life concentration is considered 330 mg/kg, whereas in the former Soviet
Union the maximum permissible concentration was MPC=32-130 mg/kg for all kinds of soil. Same
parameters in Netherlands, e.g., for copper is MPC 3 mg/kg and approximate safe level is 10.5 mg/kg (EPC=
3.5). According to the standards of the former Soviet Union the corresponding values are MPC =3 mg/kg
and approximate safe level is 66 mg/kg (EPC=22). These two samples show the measures of differences in
the standards of various countries. Therefore, taking into consideration the reality in the country it is quite
difficult task for Georgia to elaborate national standards.

Table 6
Heavy Metals MPC, mg/kg EPC, mg/kg EPC for Georgia, mg/kg
Ni 4 2.6 4
Cu 3 3.5 6
Co 5 24 5
Zn 23 16 23
Pb 6.0 55 65

Conclusion. According to the data of the preliminary ecological monitoring on the contamination by
agroecological and radioactive elements of some part of the Makhata Mountain territory we may generally
consider that the territory is moderately or less contaminated [18]. This statement is based on the laboratory
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analysis of the soil samples randomly taken mainly from the foundation of the Church of Virgin Mary of
Iberia and its adjacent territory. If we extrapolate from the obtained data, we may suppose that the
agrochemical pollution level in the soils of the Makhata Mountain territory is not serious. Despite the
radiation monitoring has not revealed contamination of the site by radiation spots or point sources the
territory should be monitored periodically in future as well, as far as several significant military facilities
were located in this area in the Soviet period.

The author thanked Professor Zaur Chankseliani for guidance and Professor Zurab Kereselidze for
useful advice.
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IlepBuuHBbIE pe3yJbTaThbl XMMHUKO-PAAHOJIOTHYECKUX UCCJICIOBAHUI
MOYB Ha TeppurTopuu ropbl Maxara

C. b. MaTnamsuin
Pe3ome

JletanbHOE KOJIOTHUECKOE MCCIEAOBaHHUE JII0OOTO ydacTka ropoja TOWIMCH Ha MpeaMeT 3KOIOTUYECKOH
ONIACHOCTH SIBJISICTCS OCOOCHHO aKTyaJbHbIM BompocoM. C HaHHOW TOUYKM 3peHMs pailoH ropel Maxara
SIBIISIETCSI OCOOCHHBIM, T.K. HA 3TOM YYacTKe YK€ HEeCKOJIBKO JIeT MeicTByeT KadeapanbHblii cooop Came0a.
B 2012-13 rr. ObII0 TPOBEACHO PaJUOIKOJIOTHYECKOE M arpoXUMHUYECKOE HMCCIEAOBAHHSA TOTO ydacTKa
TeppuTopuu  ropel MaxaTa, Ha KOTOpoM OymeT pacmonaraThCsl IepkoBb IBepckoir boromarepn.
JlaGopatopHsble uccaeqoBaHusl 00pa3OB MMOYBHI, B3ATHIX C JAHHOW TEPPUTOPUH, OBUIN MPOBEICHHI B HAYYHO
—HCCIIEI0BATEIbCKOM LIEHTpe MUHHCTEpPCTBa  CEIbCKOro xo3aicTBa. COINIAaCHO NEPBUYHBIM  JaHHBIM
9KOJIOTHYECKOTO MOHHUTOPUHIA, MOXKHO CYHMTaTh, YTO MCCJICHOBAaHHAs TEPPUTOPHUS SBIsETCA JHOO
3arpsi3HEHHOM CpPEeTHEro ypOoBHS, TUOO Maio 3arps3HeHHOH. TyT KpUTEpUEM HCHONB3YEeTCsS COAEpIKaHUe
KOHKPETHOTO 3arpsi3HSIOILETO 3JIEMEHTa, KOTOPO€ JOJDKHO OBITh MEHbLIE MPENESIBHOIO IPEBBILICHHUS
JOMYCTUMOM KOHIICHTPallMH PaJUOHYKIUAA MO OBIBIIUM COBETCKUM HOpMam. DOH arpoXMMHUYECKOro
3arpsi3HEHMsI Ha MCCIeIOBAaHHOM YYacTKe TakXKe He SBIeTcs TpeBOXHBIM. OJTHAKO, HECMOTPS Ha TO, YTO
panuanMoOHHBII MOHHUTOPUHI HE BBISIBUJ 3HAYUTEIBHOTO 3arpsA3HEHHS DPAAMALMOHHBIMM ISITHAMH WIIH
TOYCYHBIMH HCTOYHHUKAMH, TEPHOANYECKUN IKOJOTHUECKU MOHHUTOPUHT HCCIICIOBAHHONW TEPPUTOPUHU
JIOJDKEH OBITH MPOJIOIKEH U B Oy IyIiem.
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ABSTRACT

Hail and thunderstorm processes are very often phenomena over Globe. But the mechanism of their origin
isn’t completely understood yet. According NASA information their frequency and intensity has been
increased for last period. Caucasus region is distinguished by mentioned phenomena. Hail and thunderstorm
processes have been investigated based on 1960-2014 year period meteorological observation data for
Georgian territory in presented article. The conducted statistical analysis revealed that those processes
have increasing tendency over Georgian territory. Constructed GIS maps revealed that these processes
cover whole territory. Especially there exist some local areas in west, east and south part where they are
especially intensified.

Key words: Thunderstorm and hail processes, statistical analysis, geoinformation mapping.

Introduction

Georgian relief may be characterized by three sharply expressed orographic elements: in north
Caucasus, in south — Georgian south uplands and lowland located between those two risings or
intermountain depression (Fig. 1). This begins from the Black Sea shore by triangular Kolkheti Lowland and
spreads up to eastern Georgia like narrow strip. Between those two uplands small scaled orographic elements
can be allocated. Such complicated relief has definite influence on air masses movement in atmosphere
lower layers. Mainly west and eastern atmospheric processes prevailed over Georgian territory.

UKRAINE [ i & Landscapes
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s

Fig.1. Climatic zones of Caucasus region
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Due to complex orographic conditions and influence of the Black Sea Georgia is one of most
problematic country by natural disasters. Here exist most of Earths climatic types, from marine wet
subtropical climate of west Georgia and steppe continental climate of east Georgia up to eternal snow and
glaciers of high mountain zone of Great Caucasus, and also approximately 40% of observed landscapes.
Current geodynamics and orographic properties of Georgia play an important role in occurrence of
geological (earthquake), geomorphologic (landslide, mudflow, snow avalanche), hydro (flashflood) and
meteorological (drought, hurricane, lightning, hail, fog, frost, ice) hazards.

There are old traditions of a study of the thunderstorm and hail processes in Georgia. The regular
observation period on hail process covers 100 year [1,2].

During this period quantitative measurements, hail climatology research have been carried and also
physical parameters of hailstones (density, structure, radios, etc) were studied. Also radiolocation parameters
of convective clouds were studied and on this base radiolocation criteria of hail hazard have been identified
in east and west parts of Georgia. Together with those investigations thunderstorm data have been processed.

Studies of thunderstorm electricity, thunderstorm and hail processes in the recent three decades
within the framework of the study of climate change in Georgia were even more activated [3-7]. To the
indicated studies the works on the study of the influence of the anthropogenic pollution of the atmosphere
and works on the weather modification on these processes were added [8,9].

Statistical structure and spatial-temporary characteristics of the number of days with the
thunderstorm and hail [10-18], the connection of duration of thunderstorms with the number of days with the
thunderstorms [19-21], the special feature of the long-term dynamics of the intensity of hail processes on the
territory of Georgia are studied [10,13,14,22,23].

The special features of thunderstorm activity in Kakheti, connection of the electrical and radar
parameters of thunderstorm clouds are investigated. Taking into account of these connections and data about
the radar parameters of convective clouds the map of the distribution of ground-based lightning discharges
for Kakheti is built [24-26].

A study of changes in atmospheric precipitations, thunderstorm and hail processes in the conditions
of eastern Georgia and their connections with the anthropogenic pollution of the atmosphere is carried out.
The statistical models of the connection of thunderstorm activity with the aerosol pollution of atmosphere are
developed. In particular it is obtained that the intensity of thunderstorm and hail processes depends
substantially on the aerosol pollution of the atmosphere (including radioactive), although this dependence
has fairly complicated nature. As a whole an increase in the nonradioactive aerosol pollution of the
atmosphere led to the intensification of the intensity of hail damages and respectively to the decrease of the
effectiveness of the action of anti-hail works [8, 27-32].

In recent years, before the renewal of works on the weather modification, special attention was given
to detailed studies of damage from the dangerous weather phenomena and to questions of the prevention of
natural catastrophes in the conditions of Georgia [9,22,23,33,34].

Study area and Methods

The main hail character is hailstone size. For most cases small intensive hail (70%), middle (20-
30mm) and large (>30mm) is typical for Caucasus region. Hail repeatability is 25-30%. In most cases hail
diameter doesn’t exceeds 20mm. Hailstone with 50-70 mm diamter is rare phenomena [17,22]. Hail duration
changes from minutes to several hours. Damaged area covers 20-50 km?. The main negative hail impact is
mainly connected with agriculture, construction,communication damages and human losses.

Thunderstors are dangerous natural phenomena and created on the result of such atmospheric
processes that lead the formation of strong convective clouds. Lighting falls off the Earth 8-10° time per day,
the covered area varies from 40-10* km? at 4 o’clock till 110-10* km?at 14-20 o’clock [18,33].

Georgia is considered as one of most dangeous thunderable region, as mean annual thunderstorm
day number (N) reaches 35-90. Such a large diapason is explained by Georgian climate variability,
conditioned by its complex mountinous relief. Especially Surami and Arsiani Ridges are important, as they
are perpendicular to west wet air masses.

To identify mean annual thunderstorm day number temporal-spatial distribution in west and east
Georgian regions 1960-2012 meteostation data have been used. The following statistical parameters were
calculated: observation period, max., min., and mean values, standard deviations, modal values, asimetry,
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excess and variation members. Thunderstorm mean day number maximum comose 53 day, mean-32, modal-
25 for west Geogia and for east those values are as following: N-61, aver.-39, mod-38. The distribution has
normal characted as assymetry and excess values don’t exceed 1 for all observation station. Variation
members are vithin 30% range. Statistical provision has been checked by their correlation with standard
deviationas for  thunderstorm as for hail day number. Determining members are

R? =0,5977 R2 =0,4177

el

respectively. Consequently for Georgia thundersorm minimal observation period is 10-15 years. To identify
thundersorm duration in western regions emphiric-statistical equation has been used, that became in good
converged with observation data.

Between thunderstorm day number and duration there exists high correlation. For investigation 33
(12 in west and 21 in east regions) meteostation 50 year period thundersorm day number data have been
used.

Thundersorm mean annual duration has been calculated using the following equation:

D =3.3:(N-10) Q)
for stations where N < 40.
D =0.14-N*7 (2)

for stations where N > 40.
where N - mean annual thunderstorm day number, D mean annual duration (hr.). Obtained results are
presented in table 1.

Tablel

Thunderstorm multiyear mean duration (D), thunderstorm day number (N), station elevation (H), thunderstorm
process mean duration (K)

Ne | Meteostation H (m) N D (hr) K=D/N

1 Anaklia 3 25 50 2

2 Batumi 10 41 102 25

3 Lanchkhuti 20 28 59 2.1

4 Chaqvi 30 51 112 22
S5 Kutaisi 114 37 89 24
S |6 Zugdidi 117 41 102 25
o7 Qeda 256 20 33 17
g 8 Tsageri 474 39 96 25
9 | Ambrolauri 544 41 102 25
10 Sairme 910 25 50 2
g Shovi 1507 40 99 25
Bakhmaro 1926 28 59 2.1

average 79 23
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13 Lagodekhi 362 44 87 2
14 Gurjaani 410 37 65 1.8
15 Khvareli 443 40 74 19
16 Thilisi 490 36 62 1.7
}; Bolnisi 534 49 105 2.1
19 Mukhrani 550 46 94 2
0 Telavi 568 48 101 2.1
51 KhaSuri 690 45 90 2

< | 22 | Dedoflistskaro 800 35 82 23

'g» 23 Dush(?ti 922 44 87 2

§ |24 | Axaltsixe 982 55 127 23

= |25 Pasanauri 1070 43 84 2

m -

w |26 Aspinza 1098 46 94 2
27 Tetritskaro 1140 54 123 23
28 Manglisi 1194 56 131 24
29 Abastumani 1265 51 112 22
30| Bakuriani 1665 5 116 22
;; Akhalgalagi 1716 54 123 23
3 Stesantsml_nda 1744 22 40 1.9

argvan_l 2100 55 127 23
Gudauri 2194 49 105 2.1
average 97 2.1

Results

Hail mean anual and warm period (I\V-1X months) distribution are presented on geoinformation
maps (Fig. 1,2), based on 1962-2014 year period observation data. As it is obvious from mean annual map
hail processes cover Georgian whole territory.

1:1 850 000

Fig.2. Hail annual distriburion over Georgian territory for 1962-2014 year period
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Fig.3. Hail | distriburion for warm period (IV-IX months) over Georgian territory for 1962-2014 year period.

Main hail centres are Kvemo Kartli, Kakheti, Svaneti, Dusheti regions. Hail processes are intensive
in subtropical zones too, but they are dangerous for Kakheti region especially for vineyards and grape
harvest, as this area is known as vinery region [21].

The other important hail processes parameter is its repeatability. To represent repeatability in the
course of time 1962-2014 year data were used (Fig.3).
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Fig.4. Hail repeatability over Georgian territory for 1962-2014 year period.
As it is revealed hail repeatability has been increased in last years.

As it reveals from table in west Georgia thunderstorm duration is less than in east part. The
dependence of thunderstorm duration on elevation is presented on Fig. 5,6.
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Fig.5. Dependence of thunderstorm duration (hr) on elevation (m) in west Georgia
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Fig.6. Dependence of thunderstorm duration (hr) on elevation (m) in east Georgia

As it is clear from charts the dependence has heterogeneous character. As for K member that
represents duration of single thunderstorm process, in west Georgia it is higher. This confirms the fact that in
western Georgian territory frontal thunderstorms prevails and in eastern part thunderstorms are mainly inner-
massive.

The thunderstorm mean annual distribution is presented on geoinformation map, and it reveals
thunderstorm intensive propagation centers.
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Fig.7. Thundersorm annual distribution over Georgian territory for 1960-2012 year period.

The obtained results may be used in different weather and climate models and also in lighting
protecting measues. As it is known that if durable process is the higher is the probability of induced potential
penetreats building communication, that may cause various damages.

Let us note in conclusion, that the intensity of hail processes have been increased over various
regions of the Globe as in Georgia too. This investigation will be useful for planning of the expansion of
works on the weather modification in Georgia [35,36].
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I'papo-rpo3oBbie mpoueccsl Ha TeppuTopuu I'py3uun Ha poHe
rj100aJJbHOI0 U3MEHEeHH S KJIUMAaTa

M.P. TarumBuiau, JI.I'. KaprBesmmBuiu, U.I1. MkypHaauase

Pe3rome

I'pago-Tpo3oBbIe Mpollecchl 4YacThle sBIEeHMS Ha 3emie. Ho MexaHM3Mbl MX BO3HHKHOBEHHS €IE He
MOJIHOCTBI0 M3ydeHbl. [lo mHpopmarmum NASA HMX YacTOoTa M MHTEHCHBHOCTH BO3POCHA 3a IOCICAHHI
nepuon. KaBkazcKuil pernoH OTiIM4YaeTcs YIOMSHYTBIMU SIBIEHUSMU. B IpeicTaBiIeHHON cCTaTbe Ha
Tepputopun  ['py3mm  rpamo-rpo3oBbIe€  MPOIECCHl  OBUTM  WCCIEOBaHBI HAa  OCHOBE  JAaHHBIX
MeTeoposiornueckux Habmonenui 1960-2014 r.r. IlpoBeeHHBIN CTATUCTHYECKUI aHATTM3 TIOKA3ajl, 4TO 3TH

MPOLIECCHl  MMEIOT BO3PACTAIONIYI0 TeHJeHIM0 Ha Ttepputopun ['pysum. Iloctpoennsie kapter ['MC
MOKa3aJM, YTO 3TH MPOLECCH OXBATHIBAIOT BCIO TeppUTOpHIO. CyIIECTBYIOT HEKOTOPBIE JIOKAJIBHBIE PAiOHBI
B 3aMaIHON, BOCTOYHOH M I0)KHOM YacTH, Ii€ OHU OCOOCHHO aKTHBU3HPOBAIIKCE.
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Atmosphere Self-Rectification from Aerosols
Marat S. Tsitskishvili

Georgian Academy of the Ecological Science, Georgia

ABSTRACT

“Self-rectification’s velocity”, dry "sedimentation” and "washing" by atmospheric sediments. For different
climatic regions and seasons, the values of the developed parameter that is of great importance for
ecologically sound atmospheric protection.

Key words: air pollution, atmospheric aerosol, atmospheric protection.

All types of industrial activities require following the norms of air basin protection, preserving its
pollution and degradation. At the same time, the environment protection itself constitutes an industrial
activity, so the separation of these activities is symbolic. Nevertheless, let follow the tradition; thus the
above-mentioned industrial and protective activities will develop and become perfect due to scientific
progress and the design of programmes aimed at reducing the pollution and improving environmental
quality. The occurred political changes and economic development caused by them have altered the ways of
enhancement of such programmes. For such country as Georgia it is impossible to carry out the similar
programmes by its own sources without transnational economic instruments such as pollution permits
tradable at the international level environmental cost - benefit analysis, large investments into special
programmes Development of common economic area of countries of the Black Sea basin an increase of
integration processes makes possible to carry out a number of political and economical measures. Common
industries activities connected with joint enterprises require creating unified regulatory mechanisms. Man
juridical, technological, economical and political regulatory mechanisms permitting to reduce harmful
anthropogenic influence on environment are based on stand arts adopted by the state committee on
environment protection.

Development of common economic area of countries of the Caucasus and Black Sea basin an increase of

integration processes makes possible to carry out a number of political and economical measures. Common
industries activities connected with joint enterprises require creating unified regulatory mechanisms.
The solid or liquid microscopic particles, suspended in atmosphere differ from atmospheric dust having long
"life" time in atmosphere. These particles constitute atmospheric aerosols. Their chemical and dispersive
composition has a wide range of changeability recently a lot of researches have been dedicated to the study
of physicochemical qualities of atmospheric aerosols. It was conditioned by if climatic and ecological great
significance. The results of research of radioactive and no radioactive aerosols in atmosphere are
summarized in many articles and monographs, including in Georgia [1-9]. The research results of
atmospheric aerosolise component for Transcaucasia are summarized in our work. Here, also, was showed
the "climatic stability" of atmosphere's lower layer “self-rectification’s velocity”. The methodology of its
experimental definition became possible after the determination of simple gauzed manifold catching
effectiveness which is used widely in Georgian Hydrometnetwork i.e. the effectively of atmospheric
sediment collectors.

In the process of theoretical analysis, we have found the total index for the atmospheric aerosol
summary Dbeta-radioactivity. That gives us the possibility tot learn integrally the dynamics of atmospheric
“self-rectification’s velocity” rectification for various aerosols, which are different in dispersion and
composition. We defined average velocities of self-rectification for the lower troposphere in months for big
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towns of the Volga region and the Caucasian Daily data about sediments, which were collected during 10
years by gazed manifolds on the surface of ground, were worked out in approximately forty thousands of
measurements and the same measurement about aerosol's concentration in the preground layer. The simple
analysis of the measurement shows that any relation of the stream's admixture to its concentration is the
velocity. The physical essence of this velocity is in the given unity of time, given corpulence of lower layer
of atmosphere is completely cleared from the aerosol.

The geophysical essence of obtained characteristics is:

- It comes out, that seaside regions are characterized by high velocities of “self-rectification’s velocity”,
compared with regions, which are far from the sea (Thilisi, Yerevan, and Rostov).

- Conventionally, we can say that for the given region there is "three types" (groups) of atmospheres “self-
rectification’s velocity” according to the following gradation:

- Continental (Thbilisi, Yerevan) wet velocities up to ~ 0.5 transitional up to 2.0 Km/24 hours (Rostov):

- And seaside (VVolgograd, Astrakhan, Sokhumi, Baku), where velocities exceed 2.4 Km/24 hours.

Note that according to the data of the aircraft measurements of the vertical distribution of the radon
decay products and solid aerosols in the lower troposphere that average rate of deposition of aerosols with a
radius from 0.35 to > 2.0 pm was 0.21 - 0.45 cm/sec (0.18-0.49 Km/24 hour) [6].

Various kinds of admixtures (solid, liquid or gaseous) getting in atmosphere stay there for definite time.
It depends on many processes: the turbulent calculation, sedimentation or coagulation with particles of
clouds, their washing by atmospheric sediments. During the study of geo-ecological aspects of the
atmosphere soiling, processes of the admixtures sedimentation from the atmosphere are divided
conventionally into two groups: dry "sedimentation" and "washing" by atmospheric sediments ("dry" and
"wet" sedimentation). The conventionality of such division of clear, if we go deep into physical and chemical
mechanisms of processes, which go on in the atmosphere. Simple analysis shows us, that gravity and
elementary forces as well as the turbulence, moisture and density of gas (in this case different layers of the
atmosphere) always take part in each process (in the case of loaded particles). In spite of the conventionality
of such division, it gives us the possibility to reveal regional geophysical peculiarities in processes of the
same admixture (or pollution's) sedimentation from the atmosphere. It's a well-known fact, that during the
sedimentation of aerosolise particles from the atmosphere, there are much more "wet" sediments, than "dry"
ones, but it's difficult to make the correct numerical estimation, in spite of huge number of experimental and
theoretical data.

The whole region is characterized by:

Annual washing:

Cold season: 10.0-10° sec;
Warm season: 4.12-10° sec;
Average annual:  7.03 -10° sec™.

For comparison, we note that in the works [9-13] give the data about the processes of the
accumulation of natural radioactive aerosols in the convective clouds, and also about the values of the
parameter of the washing out of aerosols with the cloud drops A (A of order 10 sec). According to the
data of laboratory experiments [8] the values of the coefficient of the washing out of aerosols by a diameter
of about 1 um by the drops of fog by diameter about 20 um composed (9-23) -10* sec®. For drops of water
with diameter of approximately 70 um it is obtained, that with the washing out of aerosols with diameter
about 0.6 um the value A = 2.5:10* sec, and for aerosols with diameter about 4.2 um, A = 24:10 sec [8].
Laboratory experiments in the cloud chambers of the M. Nodia Institute of Geophysics were carried out
[14,15].

The hypothesis of "ergoannualitical” can be approved by the prognostical modelling of admixtures
content and composition. The revealing of such dependence constitutes the special problem. We showed that
the characteristics of statistical fields of pollution do not satisfy this condition and their self-correlation and
interstructural functions are non-statistical and demands the appliament of other statistical model [1, 2].

We have worked out the physical and statistical method of air pollution prognosis for cold and warm
seasons for the city with average population ranges of 1-3 min - inhabitants. The scheme is tested and
reported at many scientific forums and meetings. Real prospects exist to better this number of experimental
parameters for different conditions of the Black Sea regions. That should be done under the international
programme. The scheme of prognosis is substantially précised by introduction of an inertial parameter Pi-1
(for the previous day), the reproducibility of such scheme is about 75-80%, that allows effectively adjust the
loadings on the atmosphere and environment in whole during the unfavourable meteorological conditions
and realize the principles of ICZM (Integral Costal Son Management).
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Studies of the last decade give us the opportunity to introduce the number of new experimental
parameters that allow describing the process of admixtures' sedimentation from the lower layers of
atmosphere [1-3]. Calculates according the long-term experiments studying the introduced climatologic
parameter characterizing the selt~cleaning ability of lower layers of atmosphere for different regions and
speed of cleaning. As one can see given parameters differ twice or three times, that is substantial for
standardization of limits of exhausts set up within the ranges of atmosphere protection, the ICZM scheme. It
should be mentioned that even in the period of the Second World war the American scientists outlined the
physical meaning of the given parameter, that may be stated by simple analysis of the dimension ratio of
admixture's flow value on the earth surface off the lower atmospheric layers per unit of time to concentration
is velocity and is physically equal to the atmospheric layer that is cleaned per unit of time. Long-term
investigations proved that this value is climatologically stable and may be used in practice for
standardization of toxic exhausts in atmosphere.

Processes of atmosphere self-rectification are much more intensive, our estimation = 7 -10° sec? is
much higher than the results, which are given by other researchers.

It is noticeable that estimations, gived for each season, warm and cold, twofold differ from each other
and a how correctness of the existing mechanisms of atmosphere self-rectification.

Given experimental estimations, give us the possibility to use scientific conditioned planning measures
for atmosphere protection.

Thus, the state independence and free market economics, made actual not only creation of juridical
basis, but international unification as well. Climatic unification may be made according the following
scheme 1) coastal regions with high humidity, 2) regions with average humidity, 3) highlands, 4) regions
with low humidity and deserftlike climate. Such rejoining for standardization needs sources and a lot of time.

In this sphere, the international cooperation may be very effective. On the other hand, from the
standpoint of the international unification of the standards there is also a need to consider ways in which
economic instruments may be employed as policy tools for improving atmosphere quality, especially in the
most cost effective manner, possible under free market economics that will improve regional economic
situation.
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ABSTRACT

Intergovernmental Thilisi Conference UNESCO 1977 has signified a transition on qualitative new level
environmental education. Root of modern ecological crisis in unfaithful approaches to the nature-use and
environment protect that puts particular problems before the formation system. Things going not only
practical questions to unifications of scholastic programs for preparing the specialists to different
specialization to high qualifications, regional coordinating and cooperation and etc., as well as fundamental
questions ecological formation in general, joint development new “Concepts of ecological formation”, in
which must be approved in respect of to the “nature moral principles” in the counter-weight utilitarian,
replaced ideological dogma and anthropocentric orientation on ethical value and egocentric glances, with
provision for regional particularities, history experience and conditions of our countries.

Key words: ecology, ecological education

The problems of ecology and saving biodiversity are some of the important in the
contemporary world, including in Georgia [1-5]. 1t’s accomplished over 30 years anniversary of the
having historical meaning UNESCO Conference of Nature Care Education - UNESCO Thilisi International
Conference of 1977 year marks new quality of ecologic education world wide. Till nowadays decisions of
UNESCO Thilisi Conference are widely cited and serve as guideline documents for the purposes of
ecological and nature care education world wide. All other programs and guideline documents of nature care
education are founded on discussions of Thilisi Conference and among them national directive documents in
Georgia.

Appropriated positive experience is already accumulated. In turn are next common steps — unification
and normalization of nature-save acts, juridical efforts to support trans-boarder eco-tourism in the region etc.
This all demands the existence of specialist ecologists with high qualification with wide profile with trust-
worthy and unified basic education It’s been for 10 years that at the Georgian Technical University exists
specialized and the only in region “Board of UNESCO of Nature-Use Education”. Must realize and
coordinate such regional elaborations.

During the time from breakdown of the USSR at the Caucasus were accomplished important
international projects of nature-care profile. Main result of accomplished projects in the social-political mean
is formation of high-qualified united trans-state creative collective of executors well-equipped working
groups, which consist of staff of governmental structures and NGO-s. This Formed collective can
accomplish not only scientific research and problem analysis, but also elaboration of concrete decisions and
to bring it appropriate structures and a well lobby issues in legislative and executive structures.

In the report of 19-th special session of UNITED NATIONS in June 1977 for latter quarter of
century were made prognosis of more frequent “Ecological conflicts and deepening of Ecological Stress”.

After “World Summit Rio-10” in Johannesburg, it is clear lack mainly financial investments and
institution character of process.

Root of ecological crises is in the non-correct approach methods of Nature Use and Nature Care. For
the years passed after Tbilisi Conference of UNESCO “Earth Summit” in Rio claimed interdependency and
indivisibility of the peace, development and Care of the Environment stable development course. Conception
of Education may be considered as factor stimulating Union of the international community. Academician
N.N. Moiseev call main and fundamental condition of the stable development of the Human Society —
ecological education. There is need in new ecological concepts of nature care education based on ethical
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principles. It means that Natural Environment can’t be considered as only source of good and to care for it in
the purpose of the more intensive exploitation. In the practice of teaching Nature Care fundamentals,
Confession of the value of all its parts, independently from benefit for men must lay in basement and serve
as motivation method - minimal challenge in the natural Environment: “Planet is balancing at the edge of
abyss and time to make economical and political choice, to prevent catastrophe is passing to past”. In the
May 2004 at the State Technical University of Georgia (Tbilisi) is planned to held conference “Problems of
Nature and Education in the light of the sustainable Development in the Caucasus” with participation of
Regional educational boards of the network “UNITWIN” of the UNESCO. It is motivated and proved as
chronologically — there is 25 years after Thilisi Intergovernmental Conference of UNESCO, and
geographically as well — Caucasus region is unique with natural biodiversity. Region had gone hard
historical way, but saved global perception of problems is just at the beginning of making concise possible
ways of the stable development. It is necessary to apply all forces to create realization of the principle “from
ecological stability to political”

Board UNESCO at the Georgian Technical University (Founded in 1995 member of world Network
of by brotherhood joined Universities - “UNITWIN”); is head methodical regional center on the issues of
methods ecological ecological-environmental education at the Caucasus, Implementing common, mandatory
continuing education for all University students of technical and humanitarian faculties. Board develops
unified programs, methodical recommendations and prints methodical indices, practical manuals Educational
literature. In the Board are prepared studying materials handbooks collections of scientific issues “Issues on
Ecology* (regional 3-lingual complete), “Colloquium on Ecology™) etc.

On the Conference must be considered not only practical issues of the unification, regional
coordination and collaboration, highest qualification specialists studying courses for education in different
specialties, etc. but also fundamental issues of ecological-environmental education in general, evaluated
possibility of the new “Conception of Ecological Education”, which must prove ethical principles towards
nature, against utilitarianism, changed ecological dogmas and anthropocentric attitudes on the ethical values
and eco-central views and foreseen regional peculiarities and historical experience and conditions of our
countries.

Elaboration of the “Concept of Ecological Education”, ‘“Problem of Ecological Education and
“Ecology of Education of XXI Century” must create necessary fundament for harmonization of relations
between Men and Nature, best understanding between people, and at end formation of the “Concept of
Stable Development® of the region. In the realities of XXI century modern ecology — multidisciplinary
scientific field — basis of strategy and tactics for saving life on the Earth, must be mandatory educational
discipline for future specialists of any specialization Now in Georgia works glorious plead of scientists-
Ecologists. Georgian authors have many significant works in Ecology. Among these world famous
monographs and periodical issues on the different on the different private theoretical and applied issues of
the modern Ecology. Nevertheless, till nowadays there doesn’t exist modern manuals in Georgian for
training at the High Education System of specialists in the field of Ecology with wide profile for any of two
grades of Education in the Universities. Existing separate works of the narrow biological profile can’t serve
for non-biological specialties for these purposes.

Education qualified national specialists of different specialties with engineering educational basis in
the Caucasus Countries serve as guarantors of ecological prosperity. So, issues pertained with highest grade
ecological education are most important and has highest priority. Work in this direction at the leading
Universities of the country, headed by world-known scientists, tutors of qualified specialists, and activity of
the “Ecological Education Block”, Commission on Biosphere and ecological research at the presidium of
Georgian Academy of Sciences are directly correlated and coordinated and go in the several directions:

= Informational supply provided with new investigations in the field of methodic of new and
traditional study courses and disciplines

= Development of thematic programs, educational plans, organization of new environmental
specialties, profiles, improvement of coordination between universities, faculties etc.

= Preparation of Manuals, tutorials, reference and methodical publications.

* Implementation of distant learning and modern audio-visual educational programs foreseen
foreign experience.

All this work is conducted in tight contacts with colleagues from Caucasus countries and foreign
partners. Must serve as example Georgian-language and 3-lingual periodical publications “Problems of
Ecology”, “Conversations about Ecology” etc. issued by Georgian Technical University together with
several Academies of Georgia.
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On the basis of elaborated studying materials, special and facultative courses, by which nowadays is
putting into practice training specialists with high qualification of ecological profile at the Georgian
Technical University. It’s necessary to prepare unified, inter-faculty program of the “Applied Ecology” —
discipline, which may serve as basis of fundamental manual for ecological profile and specialty for non-
biological profile in the region. Must be considered that is not published appropriate tutorial in the Georgian
language “Fundamentals of Applied Ecology” already prepared by us long time ago. Signed by President of
Georgia 18 December 2002 edict #538 “Of State Program of People Ecological Education.” Must guarantee
practical realization on legislated in Georgia principle of common mandatory ecological education.

It means improvement of fully inadmissible today situation characteristic not only for Georgia.

. If we compare study programs and plans to prepare specialists of ecological profile in several
Universities can’t be find common for everyone essential profile, essential studying discipline with
unified structure and program.

. Nevertheless authors from Georgia, just as their colleagues from Armenia and Azerbaijan, taking
part in creation of most interesting foreign tutorials of different profiles, levels and content, can’t
accomplish work of creation of tutorial which must contain all 3 parts: “Fundamentals of General
Ecology”, “Fundamentals of Applied Ecology”, “Environment Defense and Rational Use of Natural
Resources”; and at the same time represent regional peculiarities, traditions of nature-use and sulit
world standards. There exist mandatory demand of common development of such “region-wide”
manual — we are obliged by realities of today:

Great Trans border regional project requiring common efforts from ecologists of Caucasus to obtain

real ecological security of building and exploitation of this project.

. Necessity of common development of trans-boarder environmental projects — Nature don’t confess
boarders; save of rear and endemic species of faun and flora is real without trans-boarder regional
approach.

Appropriated positive experience is already accumulated. In turn are next common steps —
unification and normalization of nature-save acts, juridical efforts to support trans-boarder eco-tourism in the
region etc. This all demands the existence of specialist ecologists with high qualification with wide profile
with trust-worthy and unified basic education It’s been for 10 years that at the Georgian Technical University
exists specialized and the only in region “Board of UNESCO of Nature-Use Education”. Must realize and
coordinate such regional elaborations.

Existing elaborations, experience of work of “Board of UNESCO for Nature-use Education” which
give us possibility to have full information of the world tendencies on this issue, about existing manuals and
learning programs, on conditions of issue not only in the region but CIS, UIS allow us to prove that planned
positive result would be achieved. Main guarantees of success is that Russian language manuals with our co-
authority were twice published at Moscow and Thilisi; gained high positive estimation of specialists in the
region and got recommendation for UNESCO system.

During the time from breakdown of the USSR at the Caucasus were accomplished important
international projects of nature-care profile. Main result of accomplished projects in the social-political mean
is formation of high-qualified united trans-state creative collective of executor’s well-equipped working
groups, which consist of staff of governmental structures and NGO-s. This Formed collective can
accomplish not only scientific research and problem analysis, but also elaboration of concrete decisions and
to bring it appropriate structures and a well lobby issues in legislative and executive structures.

" Achievement of understanding of indivisibility issues of biodiversity saving and social-economical
problems of region, necessity of unified approach in the aspect of guarantee stable development of
whole Caucasus region and its separate parts as well.

Prepared ground and elaborated mechanisms for execution of projects of concrete, inter-state
character, the end result of which would be not only implementation of progressive forms of
biodiversity saving in concrete eco-regions, but significant social-economical drives for native
population, among other in educational sphere (as well as formal and informal education), which at
the end result diminishes social-economical and consequently political tension.

Problem of saving biodiversity of the unique Caucasus region in the first order is pertained with
mobilization of educational, informatics and professional means. It’s pertained as well with economical
problems of existence of appropriate founding and not least with forming necessary public opinions, creation
right drives and motives with understanding worldwide importance of problem and role of Caucasus
community in its decision.
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Pe3rome

[IpupomooxpaHHOe WM DKOJIOTHYECKOe oOpa3oBaHue mMmeeT B I'py3un maBHUE TPaAuWINH, HAYHMHASICH C
TIEPBBIX CIOB «Jlema eHa» m 70 mIeeBpOB MO3HAHUS NMPpUpoasl Muamuel Baxa IlmmaBensl. CoBpeMeHHBIH
AKOJIOTHYECKUI KPU3UC CTaBHT OCOOBIC 3aJlauyM Tepen cucteMon oOpa3oBanms. HeoOxomum mepexoj Ha
Ka4eCTBEHHO HOBBI ypOBEHb MPHUPOJOOXPAHHOTO 0OpazoBaHms, pa3paborka HOBOW «KoHmenmmu
AKOJIOTHYECKOTO O00pa3oBaHUsA», B KOTOPOW MODKHO OBITh YTBEPXKIACHHI B OTHONICHHU K TIPHPOJIEC
MOpAaJbHBIE MPUHLHUIBI B IPOTHUBOBEC YTHUIMTAPHBIM, 3aMEHEHBI MAECOJIOTMYECKHE JOTMBl U aHTPOIIOLECH-
TPUUYECKME YCTAHOBOKM HA 3TUYECKUE LIEHHOCTH M JKOLUECHTPUYECKHUE B3IJIABI, C YUYETOM PETMOHAIBHBIX
0COOEHHOCTEH, NCTOPUUIECKOTO OTIBITA M YCIIOBHI HAIIUX CTPaH.
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ABSTRACT

The paper 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.

Key Words:. Climate change, galactic cosmic rays, cloudiness, air temperature, statistical analysis.

Introduction

Large-scale studies of contemporary climate change in Georgia began in 1996 and they are
continued nowadays. First of all, the inventory of greenhouse gases in Georgia [1,2] was carried out, spatial-
temporary variations of the fields of air temperature and precipitations [1,3-6], cloudiness [7], solar radiation
[8,9], aerosol air pollution [2,3,10], atmospheric ozone [2,3,11] and other climate-forming parameters were
studied.

One of the factors, which influence on climate change, is cosmic radiation [2,12,13]. The effect of
cosmic rays on climate could be expressed in three ways: (a) through changes in the concentration of cloud
condensation nuclei, (b) thunderstorm electrizacation and (c) ice formation in cyclones. The concentration of
cloud condensation nuclei depends on the light ions produced during cosmic ray ionization.

Galactic and solar cosmic rays influence physical-chemical process (reactions) in the lower
atmosphere including cloudiness, density changes and atmosphere cloud coverage and thus, control the
variability of atmosphere transparency and thereby affect solar radiation flax reaching the lower atmosphere.
Clouds reflect both the incoming solar radiation flux upward and the Earth's thermal radiation back to it,
thereby control thermal energy input in the lower atmosphere, thus establishing a link between cosmic rays
and temperature.

There are two mechanisms, which link cosmic rays with cloud. In the first mechanism cosmic ray-
produced ions influence the production of new aerosol particles in the troposphere, which may grow and
eventually increase the number of cloud condensation nuclei. These nuclei act as seeds for the cloud droplet
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formation. In the second mechanism cosmic ray-produced ionization modulates the global electric current,
which influences cloud properties through charge effects at cloud surface on droplet freezing and other
microphysical processes [2,12,13].

In Georgia studies of the climatic effects on cosmic rays also began recently. In particular, in the
works [14-16] the effects of cosmic radiation on the formation in the atmosphere of the secondary aerosols,
which have an effect on cloudiness [2,12,13], are studied. In the works [17,18] the inter-annual distributions
of cloudless days and cloudless nights in Abastumani Astrophysical Observatory (41.75 N, 42.82 E), at
various helio-geophysical conditions, and their coupling with cosmic factors were studied.

This work is the continuation of our foregoing studies

Material and methods

The data of the Hydrometeorological Department of Georgia about the annual values of total (G) and
lower (g) cloudiness and air temperature (T) in Thilisi are used. Information about annual values of intensity
of neutron component of galactic cosmic rays (CR) is obtained at the Cosmic Rays Observatory of M. Nodia
institute of geophysics. The period of observation is 1963 - 1990.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods of random events and methods of mathematical statistics for the non accidental time-series of
observations [19, 20].

The following designations will be used below: Min — minimal values, Max - maximal values, Range -
variational scope, St Dev - standard deviation, R - coefficient of linear correlation, R? — coefficient of
determination, Kpw — Durbin-Watson Statistic, Res — residual component, o - the level of significance, Real -
measured data. The curve of trend is equation of the regression of the connection of the investigated
parameter with the time at the significant value of the coefficient of determination and such values of Kpw,
with which the residual values are accidental.

A background component usually enters into the curve of trend. The value of background component is
most frequently unknown. From the physical aspect, random component can be represented in the form:
Rand = Res + absolute value of the min value of Res. In this case random components have positive values
with the minimum value = 0O (if the value of background component is known, the min Rand will be = Back).
Accordingly, Trend+Back (sum of the trend and background components of time series) will be a curve of
equation of the regression of the connection of the investigated parameter and the time minus absolute value
of the min value of Res. So, Real = (Trend+Back) + Res.

Results and discussion

The results are given in tables 1-4 and fig. 1-4.

Table 1
Characteristics of trend of G, g, T and CR in Thilisi in 1963-1990.
Variable Form of the equation of regression R2? (with year) Kow
G Fifth power polynomial 0.44 (0.=0.001) 2.0 (0. =0.05)
g Fifth power polynomial 0.62 (0. =0.0001) 1.96 (o =0.05)
T Linear 0.047 (o =0.25) 2.23 (0. =0.05)
CR Tenth power polynomial 0.93 (0. =0.0001) 1.98 (o =0.05)
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Fig. 1. Trend of the total average annual cloudiness in Thilisi in 1963-1990.
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Fig. 3. Trend of the average annual air temperature in Thilisi in 1963-1990.
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Fig. 4. Trend of the average annual intensity of galactic cosmic rays in Thilisi in 1963-1990.
According to Table 1 and Fig. 1-4, trends of G and g takes the form of fifth power polynomial, trend of

T is linear and trend of CR take the form of tenth power polynomial.
Table 2 shows the statistical characteristics of real data of G, g, T and CR in Thilisi.

Table 2

The statistical characteristics of real data of G, g, T and CR in Thilisi in 1963-1990.

Variable | G, cloud amount | g, cloud amount T,°C CR, imp/hour
Max 6.9 5.8 15.0 8910
Min 5.2 3.5 12.4 7867
Range 1.7 23 2.6 1043
Average 6.2 45 134 8409
St Dev 0.4 0.6 0.6 336

Correlation Matrix

G g T CR

1 0.23 (¢=0.22) -0.36 (0=0.06) 0.26 (¢=0.17)

g 0.23 (a=0.22) 1 -0.06 (not sign) 0.09 (not sign)

T -0.36 (¢=0.06) -0.06 (not sign) 1 -0.23 (0=0.22)

CR 0.26 (0=0.17) 0.09 (not sign) -0.23 (a=0.22) 1

According to Table 2, the values of G vary from 6.9 to 5.2 (average = 6.2), values of g — from 5.8 to
3.5 (average = 4.5), values of T — from 15.0 to 12.4 (average = 13.4) and CR - from 8910 to 7867 (average =
8409).
The significant linear correlation between the following investigated parameters is observed: G with
g (positive), T (negative) and CR (positive); g with G (positive); T with G (negative) and CR (negative); CR
with G (positive) and T (negative).
In Table 3 the statistical characteristics of the random components of G, g, T and CR in Thilisi are
presented.
According to Table 3, max and average values of random components of investigation parameters are
respectively equal: G-1.1and0.6,g-1.4and0.7, T—2.7 and 0.8, CR — 425 and 210.
The significant linear correlation between the following investigated parameters is observed (table 3):
G with g (positive) and CR (negative); g with G (positive), with T (negative) and CR (negative); T with g
(negative) and CR (positive); CR with G and g (negative), and with T (positive).
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Table 3

The statistical characteristics of random components of G, g, T and CR in Thilisi in

1963-1990.

Variable G, cloud amount | G, cloud amount T, °C CR, imp/hour
Max 1.1 1.4 2.7 425
Range 1.1 1.4 2.7 425
Average 0.6 0.7 0.8 210
St Dev 0.3 0.3 0.6 88

Correlation Matrix

G g T CR

1 0.76 -0.16 -0.26 (a=0.17)

g 0.76 (a=0.001) 1 -0.26 (0=0.17) -0.29 (a=0.12)

T -0.16 (not sign) -0.26 (a=0.17) 1 0.20 (a=0.29)

CR -0.26 (0=0.17) -0.29 (a=0.12) 0.20 (a=0.29) 1

Shares of the average values of random components in the average values of the real values of the

studied parameters (fig. 1-4, table 2 and 3) constitute: for G — 9.0%, for g — 14.6 %, for T — 6.3 % and for

CR-2.5%.

The equation of the multiple linear regression of the connection of air temperature and  Greal, Qrand,

CRrearand CRyang is represented below:

T= -0.3956'Greal'0.09313'grand -0.0003825 CRyreai+0.0012956 CRrand +18.807
R?=0.185 (. =0.03), R between Tea and CRyand = 0.19 (¢=0.30)

Table 4 shows the data about contribution of variations in the values of Greal, Grand, CRreal aNd CRyang t0

the changeability of T.

Table 4
Contribution of variations in the values of Greal, Jrand, CRreat aNd CRrang to the changeability of T.
Variable In the limits of Range (%) In the limits of St Dev (%)
Greal 5.0 2.2
grand 1.0 0.5
CRreaI 3.0 1.9
CRrand 4.1 1.7

According to Table 3, 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.

Conclusion

In the future, for the comparison of the obtained results, similar works will be carried out for other
stations of the observation (Telavi, Tsalka, Anaseuli, etc.), and also other, more contemporary periods of
measurement.
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O cBSI3M rOA0BbIX BAPUALUI MHTEHCUBHOCTH IAJIAKTHYECKUX
KOCMHUYECKHX JIydel ¢ ©3MEHYMBOCTHIO 00JIAYHOCTH U TEMIIEPATYPbI
Bo3ayxa B Touaucu

A.I'. AmupanamBuim, T.C. bakpanze, H.5. I'nonrn,
T.B. Xypoasze, U.A. Tyckusn

Pe3rome

[IpencraBieHsl pe3yibTaThl WCCIENIOBAHUS CBSI3M TOJOBBIX BapHaldii WHTEHCHMBHOCTH TajaKTHYECKHX
KOCMHUYECKHX JIydell ¢ M3MEHYMBOCTBIO O0JAYHOCTU W TeMIlepaTyphl Bo3ayxa B TOwmucu B 1963-1990 rr.
W3yueHbl cTaTUCTUYECKUE XapaKTEPUCTHKH YKa3aHHBIX apaMeTpoB (TPEHABI, CiIy4aliHble COCTABISIOIINE,
KOPPEISIIMOHHBIEC CBSI3M MEX/y PEabHBIMU JaHHBIMU M CIlyYailHBIMA KOMIIOHEHTaMH | Jip.). B wactHocTH,
MOJY4YEeHO, YTO JIMHEHHAs KOPpeNsALUs peajbHbIX 3HAYCHUH HMHTEHCUBHOCTH KOCMHMYECKHX Jy4ed ¢
pealbHBIMH  3HAYEHHWSIMU OOIe OOJIAYHOCTH IIOJIOKHUTENbHAS, HWXKHEH 00JaYHOCTH — OTCYTCTBYET,
TEeMIepaTypbl BO3JyXa — oOTpulaTedbHas. Koppemsmus cilydailHbIX KOMIIOHEHT HWHTEHCHBHOCTH
KOCMHYECKHX JIydeil CO CIy4alHbIMH KOMIIOHEHTAaMH HW)KHEH M oOLIel 00JayHOCTH — TOJIOKHUTEIbHAS,
TEeMIIepaTypsl BO3/lyXa — OTpularenbHas. B mpexenax BapHallMOHHOTO pa3Maxa BKIIAJ HCCIEIYyEeMbIX
napamMeTpoB B U3MEHUYMBOCTh TEMIIEPATYphl BO3JlyXa: pealibHbIX 3HaueHHi obmied obmaunoctu — 5.0 %,
CIly4aifHbIX KOMITOHEHT HWXHel obnauHoctH - 1.0 %, peanbHBIX 3HAYEHWH W CIYyYalHBIX KOMIIOHEHT
MHTEHCUBHOCTH KOcMU4ecKuX Jiyued — 3.0 % u 4.1 % cooTBETCTBEHHO.
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ABSTRACT

The results of a study of the effect of the annual changeability of air temperature, surface ozone
concentration and neutron component of galactic cosmic rays intensity on the mortality of the population of
Thilisi city in 1984-2010 are presented. The statistical characteristics of the investigated time-series are
studied. In particular, it was found that within the variation range the contribution of the studied parameters
to mortality variability is as follows: a random component of air temperature - 8.5%, real values of surface
ozone concentration and cosmic ray intensity - 20.9% and 16.5%, respectively.

Key Words: Air temperature, surface ozone concentration, galactic cosmic rays, mortality, ecology,
bioclimatology, medical meteorology.

Introduction

The meteorological, biometeorological, bioclimatic, geophysical and other parameters, which
sufficiently affect the human beings, are the followings.

Separate meteorological and geophysical elements, space weather parameters and its combinations: air
temperature [1-10], humidity, wind speed, atmospheric pressure, solar activity (Wolf’s number), the
geomagnetic fields, solar radiation, the cosmic rays [11-18], light ions, aerosols, ozone, other air toxic
admixtures and etc. [19-26].

Different simple thermal indices involve more than one climatological parameter and consider the
combined effects (air equivalent- effective temperature EET, Equivalent temperature (TEK), Wet-bulb-globe
temperature (WBGT), Tourism Climate Index (TCI) [27-32]) and others.

The indices derived from energy budget models:

Physiologically Equivalent Temperature (PET), Standard Effective Temperature (SET), Physiological
Subjective Temperature and Subjective Temperature (MENEX), the Universal Thermal Climate Index
(UTCI) etc. [30, 33-36]).

Generally, the human’s health is primarily affected by the lifestyle (50 — 55%), then — by the
environment (25 — 30%), and finally — by heritage and medical care [19]. Additional anthropogenic load on
the biosphere increases the level of above mentioned risk - factors influencing on human health and life [19,
24, 25].

The effects of the action of environmental factors on human health have different scales - from
minute, hour, day, decade and month to the seasonal and annual [37-39]. For example, periodicity of 7 and
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3, 5 day of mortality from the cardiovascular diseases (CVD) is established in the work [37]. Results of
investigation of influence of monthly average values of air Equivalent-Effective Temperature EET and is
represented monthly duration of magnetic storms D on the health of the population of Thilisi city [27]. The
analysis of regression connections of mortality from the CVD with the EET and D showed that the
contribution of each of the variables into changeability of mortality is the following. In the range EET from
—5%1t0 4.6° EET — 8.6%, D — 22.2%; in the range EET from 5.2° to 21.8% T - 26.3%, D - is insignificant
[27].

In work [19] is shown, that days situation together with air pollution by ozone in smog, the ozone
forming gases and the aerosols under the conditions of Thilisi an essential effect on human health have a
variation in such factors as the thermal regime of air, atmospheric pressure, cosmic rays. Thus, increased
surface ozone concentrations on the average growth of annual mortality of the inhabitants of Thilisi city by
1680 people. This is equal to 14.1 % of entire average annual mortality of the population of Tbilisi, which is
approximately 3 times higher than the same indices for the advanced countries [19, 25, 26].

In this work are presented the results of a study of the effect of the annual changeability of air

temperature, surface ozone concentration and neutron component of galactic cosmic rays intensity on the
mortality of the population Thilisi city in 1984-2010.

Material and methods

In the work are used the data of National Statistics Office of Georgia about the common mortality of the
population of Thilisi city.  The common annual mortality (M) of population to 1000 inhabitants is
normalized [25].

The measurements of surface ozone concentration (SOC) were conducted by the electro chemical
ozone instrument OMG-200. Here are presented observational data for 15 hours [40]. The unit of the ozone
measurement is mecg/m?.

The data of the Hydro meteorological Service of Georgia about the annual values of air temperature (T,
°C) in Thilisi are used. Information about annual values of intensity of neutron component of galactic cosmic
rays (CR, impulse/hour) is obtained at the Cosmic Rays Observatory of M. Nodia Institute of Geophysics.
The observation period is 1984-2100.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods of random events and mathematical statistic methods for the non accidental time-series of
observations [41, 42].

The following designations will be used below: Min — minimal values, Max - maximal values, Range -
variational scope, St Dev- standard deviation, R - coefficient of linear correlation, R? —coefficient of
determination, Kpw — Durbin-Watson statistic, a- the level of significance. As in [43], Res — residual
component, Real - measured data. The curve of trend is equation of the regression of the connection of the
investigated parameter with the time at the significant value of the determination coefficient and such values
of Kpw, where the residual values are accidental.

Background component is usually entered into the curve of trend. The value of background component
is most frequently unknown. From the physical considerations, random component can be represented in the
form: Rand = Res + absolute value of the min value of Res. In this case random components have positive
values with the minimum value = O (if there would be known the value of background component, that min
Rand will be = Back). Accordingly, Trend + Back (sum of the trend and background components of time
series) will be curve of equation of the regression of the connection of the investigated parameter with the
time minus absolute value of the min value of Res. So, Real = (Trend + Back) + Res.

Below in the text the dimensionality of the investigated parameters are omitted

Results of detailed statistical analysis of the changeability of mean annual values of SOC in Thilisi in
1984-2010 in [25, 40] were represented. In particular, the changeability of the indicated time series is
described by the fourth power polynomial. An increase in the SOC in the period from 1984 through 1995-
1997 was observed, then - decrease. Thus, in average: in 1984 SOC = 37 mcg/m3, into 1998 — 58 mcg/m?,
into 2010 — 40 mcg/m®. There was presented [25] Information about changeability of M in the investigation
period of time in Thilisi in.

This work is the continuation of work [25]. In it, together with the action of surface ozone (both the
direct action and the indicator of the pollution of atmosphere) on the mortality of the population of Thilisi,
the role of variations in the air temperature and is examined intensity of galactic cosmic rays in the
changeability of values M.
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Results and discussion

The results in tables 1-4 and fig. 1-2 are given.

Table 1
Characteristics of trend of M, SOC, T and CR in Thilisi in 1984-2010
Variable Form of the equation of regression R? (with year) Kbow
M Fifth power polynomial [25] 0.86 (o =0.0001) 1.45 (a.=0.05)
SOC Fourth power polynomial [25, 40] 0.82 (0. =0.0001) 2.03 (0.=0.05)
T Linear 0.13 (0 =0.06) 1.55 (0. =0.05)
CR Seventh power polynomial 0.82 (0. =0.0001) 1.89 (. =0.05)

In table 1, is presented the data about characteristics of trend of mortality, surface ozone concentration,
air temperature and cosmic rays intensity in Thilisi in 1984-2010. As follows from table 1 trends of M,
SOC, and CR take the form of fifth power, fourth power and seventh power polynomials; trend of T is
linear (corresponding values of Rz and Kpw).
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Fig. 1. Trend of the average annual air temperature in Thilisi in 1984-2010.
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Fig. 2. Trend of the average annual intensity of galactic cosmic rays in Tbilisi in 1984-2010.

For the clarity in fig. 1 and 2 are presented the curves of real data, (trend+ background) and random
components of time-series of mean annual air temperature and intensity of galactic cosmic rays in Thilisi in
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1984-2010. Analogous data for M and SOC in [25, 40] are given.

It should be noted that the trend of the average annual air temperature in Thilisi into different time
intervals had different nature. So, in 1963-1990 [43], 1878-1997 [44], 1906-1995 [45], 1907-2006 [46],
1957-2006 [47] the trend of T was linear. In the more prolonged period of time (1850-2012 [48]) the trend of
T in Thilisi took the form of the fourth power polynomial. As far as the trend of average annual cosmic-ray
intensity in Thilisi is concerned, into 1963-1990 it took the form of the ninth power polynomial [43].

In table 2 is presented the statistical characteristics of real data of time-series of average annual air
temperature, surface ozone concentration, galactic cosmic rays intensity and common mortality of the

population of Thilisi city.

As follows from table 2, the values of T varied from 12.4 up t014.8 (average = 13.7), values of SOC
— from 26.3 up to 61.8 (average = 44.1), values of CR — from 7803 up to 9100 (average = 8621) and M -
from 8.03 up to 12.35 (average = 10.3).
The significant linear correlation M with SOC (positive) and CR (positive) are observed. Value of R
between M and T is not significance.

Table 2
The statistical characteristics of real data of T, SOC, CR and M in Thilisi in 1984-2010.
Variable T SOC CR M
Max 14.8 61.8 9100 12.35
Min 12.4 26.3 7803 8.03
Range 2.4 35.5 1297 4.32
Average 13.7 44.1 8621 10.3
St Dev 0.6 10.1 328 1.3
Correlation Matrix
T SOC CR M
T 1 -0.08 (not sign) 0.02 (not sign) 0.01 (not sign)
SOC -0.08 (not sign) 1 -0.26 (0=0.2) 0.39 (a=0.05)
CR 0.02 (not sign) -0.26 (a=0.2) 1 0.24 (0=0.2)
M 0.01(not sign) 0.39 (0=0.05) 0.24(a=0.2) 1

In table 3 are presented the statistical characteristics of the random components of T, SOC, CR and M

in Thilisi.

As follows from table 3, max and average values of random components of investigation parameters
respectively are equal: T—2.3and 1.2, SOC - 14.7 and 7.3, CR — 587.5 and 314.9, M — 1.60 and 0.65.

The significant linear correlation only between M and T is observed (negative).

Table 3

The statistical characteristics of random components of T, SOC, CR and M in Thilisi in 1984-2010.

Variable T SOC CR M
Max 2.3 14.7 587.5 1.60
Range 2.3 147 587.5 1.60
Average 1.2 7.3 314.9 0.65
St Dev 0.54 4.2 141 0.5
Correlation Matrix
T SOoC CR M
T 1 -0.30 (0=0.1) -0.40 (0=0.05) -0.41(0=0.05)
SOC -0.30 (a=0.1) 1 0.56 (0=0.005) 0.11 (not sign)
CR -0.40 (0=0.05) 0.56 (0=0.005) 1 0.13 (not sign)
M -0.41(0=0.05) 0.11 (not sign) 0.13 (not sign) 1
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Shares of the average values of random components from the average values of the real values of the
investigated parameters (fig. 1-2, table 2 and 3) constitute: for T — 8.8%, for SOC — 16.6 %, for CR — 3.7 %
and for M — 6.3 %.

The equation of the multiple linear regression of the connection of annual common mortality of the
population of Thilisi city with Trang, SOCrear, and CRyeal is represented below:

M =-0.3881 Trand + 0.06074'SOCrea + 0.0013088 CRreal -3.183
R? =0.30 (0=0.01).

In table 4 are presented data about contribution of variations in the values of Trang, SOCreal, and CRyeal tO
the changeability of M.

Table 4

Contribution of variations in the values of Trand, SOCreat and CRreal to the changeability of M.

Variable In the limits of Range (%) In the limits of St Dev (%)
Trand 85 4.0

SOCreal 20.9 11.9
CRreal 16.5 8.3

As follows from table 4, within the variation range the contribution of the studied parameters to annual
common mortality of the population of Thilisi city variability is as follows: random components of mean
annual air temperature - 8.5%, real values of surface ozone concentration — 20.9%, real values of neutron
component of galactic cosmic rays intensity - 16.5%. In the limits of standard deviation — 4.0 %, 11.9 % and
8.3 %, accordingly.

Conclusions

In the linear approximation the greatest contribution to the changeability of the annual mortality of
population in Thilisi city introduces the pollution of the atmosphere (ozone as direct contaminator and as the
index of air quality). Significant role in these variations plays the changeability of the intensity of galactic
cosmic rays (as the indicator of geomagnetic activity). The smallest contribution to the changeability of the
mortality of the population of Thilisi city introduce variations in the random component of the average
annual air temperature.
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BausiHue BapuauMu cpeIHeroa0BbIX 3HAYECHUN TeMIlepaTypbl
BO31yXa, KOHUEHTPALUMH MPU3EMHOI0 030HA U HHTEHCUBHOCTHU
rajJJakTHYeCKNX KOCMHMYECKHUX JIy4Yel Ha CMEPTHOCTh HaceJIeHUs
ropogaTounucu

A.I'. AmupanamBuium, T.C. bakpanse, H.T. bepuanuaze, H./l. l:kanapunase,
K.P. Xa3zapana3ze

Pe3rome

[IpencraBnensl pe3ynbTaThl HWCCIEAOBAHWS BIHMSHHUA TOJOBOW HW3MEHYHMBOCTH TEMIIEpAaTypbl BO3IyXa,
KOHIEHTPAI[MK TPU3EMHOTO0 O030Ha W WHTCHCHBHOCTH HEWTPOHHOH KOMIIOHEHTH TaJaKTUYECKHUX
KOCMHYECKHX JIydell Ha CMEpTHOCTh HacesieHust ropoaa Towucu B 1984-2010 rr. M3yueHs! craTHCTHYECKUE
XapaKTEePUCTUKH HCCIIEAYyEeMbIX PSA0B. B wacTHOCTH, moirydeHo, YTO B Mpejeax BapHalMOHHOTO pa3Maxa
BKJIaJ] MCCIIEAYEMBIX MapaMeTpPOB B HM3MEHUYMBOCTh CMEPTHOCTH CIEAYIONIWH: CIIy9aifHOW KOMITOHEHTHI
TEMIIEpaTyphl Bo3ayxa — 8.5 %, peaqbHbIX 3HAUEHUI KOHLEHTPAUU MPU3EMHOTO 030HA U MHTEHCUBHOCTHU
Kocmuueckux Jtyuert —20.9 % u 16.5 % cooTBETCTBEHHO.
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