03060 3\)3050330@0[5 bob{]@mbob mBoQ)obob bob{]@asoogm 360336[)0@3@0
30530@ qumob bob{)@mbob 83000308030[) ond)odmd)o

bodoém33@mb Osdsosaéo 360386b00300
JoérmBghgmemenmgoal 0bbhogyhoe

05(0)3 sbmzoozoo 3g(36096980Locmgol

Ivane Javakhishvili Tbilisi State University
Mikheil Nodia Institute of Geophysics
Technical University of Georgia
Institute of Hydrometeorology
N(N)LE Association for Science

LOGOMNOIMMOLM LEJY(360HT M 3MEBI®HI6(300

036306030 300SLOGMBIGN LOIIGAIITMAN:
3M600M&0630, 36:3336B00, 33VIBIBNL 3IMHINTId

86@36360 bodoém33@m30 6)883@06)3@0 30860(1)36)-330303603@(*)80360 ©°
bgobaz]ém Q03306)386360b mﬁaosoggbnb 175'3 ©o 120-3 6@0[)0’)03[)

dbmdgdo

INTERNATIONAL SCIENTIFIC CONFERENCE

NATURAL DISASTERSIN GEORGIA:
MONITORING, PREVENTION, MITIGATION

Dedicated to 175 and 120 Anniversary of the Organization in Georgia
of Regular Magneto-Meteorological and Seismological Observations

Proceedings

©93938960 — 12-14 — December
2019
mdocemobo — Thilisi



© o03. go3560330m0b Lob. Mdomobob Lobgm3bogm MboggMLbnd gl ge8md393mmds, 2019
Publish Hous of Iv. Javakhishvili Tbilisi State University, 2019

ISBN 978-9941-13-899-7



b333IBENIGM 3MINOION O LOMIVIIBOM bIdSM:

535D ggemndg — 53509303mbo, LodgbogHm 3MI0GgENL MS33RKLMBsM g, dmegzatn Mgsd&mMo.

33m3beam 5d0M365330m0 — Jngzob0.

93960 0g3g§Ms33aman, DMsd 39Mgbgmadg, bmesMa 356535330mn — by, 3. bmosb
bob. 39mxzabozob 0bLGaGYEG, badsMomggmm.

6365 dmsdgamo — Ladg3bogHm 3m3ndg@ol Mmobomagdxomdamyg, mby, 3obydgo dogmodo-
mbol bob. ggmamoggools 0bbG @@ o, bodosMmggmm.

09ba0b (306(35dg — Lo (36096™ 3MBoG g0l Mebsmogzdgmmdamy.

9m0b336 gemnbdsMmadzaman, IsMngs Go§ndgzamn, gomMman dgmady — by, 3oEMMBgGgMEm™-
mmanob 0bbEoGnEo, bojomggmm.

m03bs Jammggmadgomo, gdam BgMgmgma — 3o6Mg3mb gMmazbymoa bosggb@m, oo mggmm.

05336 banMady, 333005 330m3330mn — 0. 3mggdadzamal bab. mgmosgal babgmdbogm ¢bo-
390bod g0, LodoMomggmm.

39956 sbsbndg — I3L 33 93mmMgdb 3ob3nal Brgs — bLosGmnggmm.

™334 mdbhsgs — a. Bymyn30dal bLadom 0bbG @0, bodsMmggmm.

J909356 babamadg — LadoMmzgmmb gobognco smbEmNbs s bL3mEME 0L Lobgmadbogm Lobbag-
mm boggmboGg@o, bogommggmm.

60bm gagsMadg — mdorobol Lobgmdbogm badgwaznbm MbaggMboGgde, Lajosmmggmm.

d5bGngm bym@sgzo — bdg39mab Mgbdndmongzolb ggmmmannbs s abgMomymn Mgby@bgdal
Lobgmdbogm 3m30@g@0b ggmmmaonabs s ggmazndogzol abbGod o, Kddgzgomo.

LagGago LES63g30R0 — ¢3M060L 3g(3609Mgdoms gMMzgbmmoa 309300l ©EgEsdabal 33emg30b
596m3mbImbyMa bsdgzbogm (396@ M0, 3M00bs.

356653 byMm@sg30 — 3gmomzmodsGmmmaonol 0bbEnG @0, agMdados.

SCIENTIFIC COMMITTEE AND EDITORIAL BOARD:

Tamaz Chelidze — Academician, Chairman of the Scientific Committee, Editor-in-Chief.

Avtandil Amiranashvili — secretary.

Demuri Demetrashvili, Zurab Kereselidze, Nodar Varamashvili — TSU, M. Nodia Institute of
Geophysics, Georgia.

Nana Bolashvili — Co-Chairman of the Scientific Committee — TSU, Vakhushti Bagrationi Institute of
Geography, Georgia.

Tengiz Tsintsadze — Co-Chairman of the Scientific Committee.

Elizbar Elizbarashvili, Marika Tatishvili, Giorgi Meladze — GTU, Institute of Hydrometeorology,
Georgia.

Liana Kartvelishvili, Emil Tsereteli — National Environmental Agency, Georgia.

Tamar Nadiradze, M agda Davitashvili —Takob Gogebashvili Telavi State University, Georgia.

Bezhan Asanidze — BP Exploration Caspian Sea LTD — Georgia.

Omar Lanchava— G. Tsulukidze Mining Institute, Georgia.

Ketevan K hazaradze — Georgian State Teaching University of Physical Education and Sport, Georgia.

Nino Japaridze — Tbilisi State Medical University, Georgia.

Bakhtier Nurtaev — Institute of Geology and Geophysics, State Committee on Geology and Mineral Re-
sources of Uzbekistan, Uzbekistan.

Sergey Stankevich — Scientific Centre for Aerospace Research of the Earth, National Academy of
Sciences of Ukraine, Ukraine.

Bakhram Nurtaev — Institute of Helioclimatology, Germany.



LOME®33608560M 3M3NOIBN

693936 memmbGo — LamMasbabssom 3m3n@g@ab bgmddmgabgmo.

356365 bogmmsndgama — bLamMasbodszom 3mdndg@ab bymddmgsbgmalb dmapanmg.

Lmgogm dsmnsdgaman, 535896Mnbg dggxsmadyg, nM3ds memb@o, nbas x36gmadyg — by, 3. bm-
0L bob. agmauz0Dozol 0bbG @G, bogdosMmzgemm.

053360 babu@sdgzama — LamMasbobsgom 3m3n@ g ol msbobgmaddmgabgmo.
60bm 39M0n360dg — 3O AbsGMM0 — ()03 sbmzns(z0s 8936906 930bomzab.

dobgom gogos — bomMasbodsznm 3mdo@g@ob bgmddmgsebgmals dmagaamyg.
636067 sG9c0basba — by, 3nMHMIgEgmEMemmanal 0bLE G ME N, LoJsmnggmmm.

Abyesb 3abadgzamo — gHmzbymo Ybogmmbmgdal Lodgmb s3sMs@n, badstmggmm.

bmesmn gs35b0dz0ma — Lobgmdbogm Ladbgomm Ladgzbogmm-@gdboznca (39680 ,gmEs",
Logotomggemm.

60bm 03603d30man — LodoMmgzgmmb gagmendogymo sbmosz0e.

ORGANIZING COMMITTEE

Nugzar Ghlonti —Chairman of Organizing Committee.

Manana Nikolaishvili — Deputy Chairman of Organizing Committee.

Sophiko Matiashvili, Ekaterine Mepharidze, Irma Glonti, Inga Janelidze — TSU, M. Nodia Institute
of Geophysics, Georgia

Tamari Khakhutashvili — Co — Chairman of Organizing Committee.
Nino Berianidze: Coordinator — N(N)LE Association for Science, Georgia.

Mikheil Pipia—Deputy Chairman of Organizing Committee.
Narine Arutiniani — GTU, Institute of Hydrometeorology, Georgia.

Rusudan Kakhishvili — Office of the National Security Council, Georgia.
Nodar Javakhishvili — State Military Scientific Technical Center "DELTA", Georgia

Nino Taniashvili — Georgian Geophysical Association



63JB0JB0 © 0133300

dmbo@mMabgan (35dm33980, 3635maba, ImEgmamgds, 36imabmda)
30b0bdgMs o 3oLmsb s 3ogdamgdymn dmgzmagbagdo;
3oMmmdg@gmtmmmaon®o 358 obEMmmaqdo;

303580l (33momgds s 3obmab ©s39330Mgdmma 358LGMmMYBgdoa;
39mom3mbdmby@o 308 0bEMHmegdo;

&yob bobdMgdo;

dbgdc0g0 398obEMMRgoal Jomgds@nzMa, g330Magman, sdmMmsGmmoyma (dom
3ol GFoggfnmgds s nb(30Mgds) Imgmomgds;

Lo@gmodMo s 306ob3oMs ab@sbzonmMa gobmdggdo;

30b0b3oMs JLgmyMa 3sdmIgzgdo;

BgM@oemmgabo asdmdzgdo;

3116936030 39@oLGMMBgdom g53mbzgemo bmzosmuMo s g3mbmdn nca
0bs 306930l dgggabgds.

3M3396300

530bols dmeogo30mgds;

3916930030 3oGoLGMMRGdaboasb LonbygnbMm o339 ;
sEMgmemo dg9@ymdnbgdal bobi@gdgdo.

. 390093980b JgMm30mgds

dbgdM0g0 398obEMMRgdal dggagdol dgmdomagdobocmgzgol mbabdngdgdal oggadss;
Logabagdm Lo@ms309ddg Mgogatgdals LadLobyEgdal bogdosbmdal LEHYYmymes;
LogmadmEabm 05653dMMIrmds;

Lo 3obmMb3Egdmmm dsbab bBmmymas.

SECTIONSAND THEMES

Monitoring (measurements, analysis, modeling, for ecast)
Earthquake and related events;

Hydrometeorological Disasters;

Climate change and related disasters;

Heliocosmic Disasters;

Forest fires;

Mathematical, empirical, laboratory modeling of natural disasters (and induction among them);
Satellite and ground distant measurements;

Geological networking measurements;

Point Measurements;

Assessment of social and economic losses caused by natural disasters

. Prevention
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[11. Mitigateresults

Planning events for mitigating natural disasters results;
Improvement of Emergency Response Services Activities;
International cooperation;

Improve the legislative basis.
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INTRODUCTION

The conference is dedicated to the 175" anniversary of organizing regular instrumental Geomagnetic and
Meteorological observations in Georgia (1844) and the 120" anniversary of seismic observations (Tbilisi,
1899) with the help of K. Gauss, A. Humboldt and other great scientists.

It should be noted that the Tbilisi Magnetic-Meteorological Observatory was the cradle of exact science in
Georgia. This Observatory was first work place of 1. Stalin (from 1899 till the end of 1900). The institute
of Geophysics (1933) and the institute of Hydrometeorology (1953) were established on the base of Tbilisi
(Later of Dusheti) Observatory.

Georgia is located in the disaster region of natural disasters. In Georgia and its adjacent countries have
similar problems in the fight against of natural disasters.

Goal of the Conference:
Promoting the historical achievement of Georgia and its current scientific-technical potential related to the
theme of the conference.

Introducing the World Scientific, Governmental Structures, and the other interested organizations and
individual persons with the current state of the problems related to the monitoring, prevention and
mitigation of natural disasters in Georgia.

Strengthen international scientific cooperation around the theme of conference.

Identify the possibility of organizing a unified operational warning system on the hazardous natural
phenomena.

Identify opportunities for improvement of scientific and educational fields of secondary and higher
education institutions in the topic of the conference.

Expected Results:

Promotion of historical and modern achievements of Georgia on natural disaster survey issues

Introducing a wide range of problems for the world. What is connected to monitoring, prevention and
mitigation of natural disasters in the Black Sea and Caspian Sea areas.

Extend International Cooperation for scientific and Practical usage of modern advances on monitoring,
prevention and mitigation of natural disasters in the Black and Caspian Seas.

Assessment of social and economic risk of natural disasters
Identify the organization’s common cause for prevention of natural disasters

Identify opportunities for improvement educational and academic base of secondary and higher education
of the issues related to natural disasters

CONFERENCE ORGANIZERS

Georgia: TSU, Institute of Geophysics; GTU, Institute of Hydrometeorology; N(N)LE Association for
Science.



CONFERENCE SUPPORTING ORGANIZATIONS

Georgia: LEPL State Military Scientific Technical Center "DELTA"; LEPL National Environmental
Agency; TSU, Vakhushti Bagrationi Institute of Geography; LEPL Iakob Gogebashvili Telavi State
University; BP Exploration Caspian Sea LTD — Georgia; G. Tsulukidze Mining Institute; Ministry of
Internally Displaced Persons from Occupied Territories, Labour, Health and Social; LEP] Tbilisi State
Medical University; Emergency Management Service of the Ministry of Internal Affairs of Georgia;
National Security Council, Georgia; Georgian Geophysical Association.

Other Countries. Institute of Geology and Geophysics, State Committee on Geology and Mineral
Resources of Uzbekistan; Scientific Centre for Aerospace Research of the Earth, National Academy of
Sciences of Ukraine; Institute of Helioclimatology, Germany.
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DUSHETI (TBILISI) MAGNETIC OBSERVATORY
INTHE WORLD OBSERVATORY NETWORK
GoguaR.

Summary

Summary: The article gives a brief history of Dusheti (Thilisi) Magnetic Observatory and geomagnetismin general.
It is about the importance of the World Wide Web of Magnetic Observatories, the role of the Dusheti Observatory in
the study of variations in the magnetic field in the Caucasus and its present state.

Key words: observatory, geomagnetism, paleomagnetism.
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PROBABLE INFLUENCE OF THE EARTH'SELECTROMAGNETIC
IMPEDANCE ON PC3- PC5 PULSATION SPECTRUM DURING AN
EARTHQUAKE PREPARATION PROCESS

Jimsheladze T., Melikadze G., Kobzev G., Matiashvili T.

Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia

Summary: Connection between the variation of the geomagnetic field and seismic activities is an essential element
ofthe fundamental problem of earthquake forecasting. It, in its turn, is divided into separate blocks such as specific
geomagnetic pulsations generated in a certain area. Consequently, in order to consider them as an earthquake
indicator it is necessary to clearly distinguish their properties from the ones of global geomagnetic pulsations.

Key words: geomagnetic field, earthquake indicator.

There is diversityin the geomagnetic field pulsation spectrum and its generation area is mostly
distributed in the space near the Earth. The Earth also may possibly be a source of some types of
pulsations,namely, in some cases, in order to consider the local geomagnetic field perturbation as an
indicator of an upcoming earthquake it is necessary to haveinductive connection between the Earth and
ionosphere, the modeling of which is quite difficult and inexplicit in regard to the mechanisms. During an
earthquake preparation process, especially at its final stage, the medium parameters change. We can
simply consider the local geomagnetic pulsations as a result of the mechanical vibrations of the upcoming
earthquake focus, the high-frequency part of which is not shown in seismic records. However, there is
another version, according to which the pulsation generator isthe high-frequency variation of telluric
current intensity.In any case, geomagnetic field perturbation is an induction impact of the Earth processes.
Firstly, we should admit the connection between the mechanical vibrations of the seismic activity focus
and the variation of the electromagnetic properties of the geological medium. Polarizability, electric
conductivity, piezo-electric and electro-kinetic properties of the mediumare significant here, for example,
electro-osmosis phenomenon may develop in a disperse medium consisting of solid and liquid phases,
which contributes to the generation of spontaneous electric fields and stray currents. Here, the
geomagnetic pulsations may show up in either a direct or indirect way in the form of the modulators of
very low frequency (VLF) electromagnetic radiation. Recently, there has been a significant progress in the
studies of the mechanisms of theVLF radiation accompanying earthquakes. However, in the studies of the
mechanisms of geomagnetic pulsation generation there is no other alternative then the variation of the
Earth’s electrical impedance [1], for example, the pulsations connected with an earthquake with frequency
(1-0.001) Hz diapason, first revealed in the records of Dusheti Observatory [2], could not be explicitly
explained. An electrical impedance variation model was first used for the interpretation of electromagnetic
telluric sounding data, though, as it appeared, it could only enable to qualitatively explain, e.g., Pc 3, 4, 5,
6 pulsation generation. Later, at Dusheti Observatory it was revealed that the shortest-period Pcl
pulsations [3] may also be connected with earthquakes. Thus, we can conclude that seismic processes may
cause geomagnetic pulsations with any frequency. However, it does not mean that pulsations definitely
generate before any earthquake.

Variation in electrical impedance means variation in the Earth’s electric inductivity. The inductivity
effect on the ionosphere changes in accordance with the depth, where the impedance variation takes place,
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i.e., according to so called skin layer, VLF electromagnetic waves may break out from the Earth’s depth
and cause w frequency geomagnetic pulsations on the basis of the following formula:
2
0=2( 25 @
Where c is the light speed, A is the skin layer thickness, p is the medium resistivity, ¢, is the vacuum
dielectric constant and u,, is relative magnetic conductivity. Consequently, it means that in an
inhomogeneous medium, where the electric conductivity is variable, electromagnetic waves may generate
in a wide spectrum of frequencies, in extremely low frequency (ELF) and very low frequency (VLF)
digpasons. It does not mean that al the frequencies will clearly appear in geomagnetic pulsations. As the
observation data show in most cases there are the same situations as described above. However, these
frequencies probably appear in an unobvious formin geomagnetic field values.Correctness of this
assumption can be verified by Fourier analysis of the geomagnetic field records, namely, we can
determine variation ofspectral intensity density in accordance with the frequency. This makes it possible to
determine whether geomagnetic pulsations had generated before a certain earthquake. On the local basis
we can speak about the similarity of geomagnetic field pulsations at Dusheti Geophysical Observatory and
the ones at Oni Seismic Station. Moreover, we verified the above saidassumption for the earthquake
M=3.7that occurred on March 4, 2019 at 166 km distance (Lat41.8, Long41.7 Black Sea) from Oni
Station. Figure 1 shows middle-latitude Dst index variation (black) and X components of the geomagnetic
field variations at Dusheti Observatory (blue, Lat42.088 Long44.701) and at Oni Station (green, Lat42.573
Long43.437). Although the pulsation levels are different, there is an obvious synchronicityin the variations
of the vibration intensity and frequency. The global magnetosphere effect is also obvious in the given time
interval according to the Dst index. However, the effect of this source is not strong as far as the Dst index
depression does not exceed the statistical middle value =~ 25 nT. Therefore, the records of both the
observatory and the station were reduced to the global index level.

Fig. 1.

Fig.2a

Fig.2b
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Fig. 2c.

Figure 2 is a Fourier schemeillustrating the variation of the spectral intensity density of the pulsations
at Oni Station.Comparison of Figure 2a and Figure 2b shows that before the above mentioned earthquake
the spectral density significantly increases in the middle- and long-period pulsationdiapason. Figure 2c
shows the pulsation count level effect, namely, 50 nT level variation increases the spectral intensity
density by one order. Such an effect, although, comparatively less (= half an order), also corresponds to
Figure 2a. We should note that at Dusheti Geophysical Observatory the effect of the given earthquake has
not been recorded. It makes us suppose that there was a local geomagnetic effect. However, the mentioned
above cannot be categorically argued, as the intensity of variations in Dusheti in comparison to Oni, is
higher, which may be due to the differences in both local and different level of magnetometer counts. It
should also be noted that the pulses, the effect of which was observed in Oni, under condition of a quieter
background than Dusheti, are clearly irregular in nature, the indicator of which is the level of DST index.
As for the amplitude of the pulses, their separation is a difficult task, although we can assume that their
magnitude does not exceed 10 nT, as in the case of the Borok observatory [4].

Conclusion:

We can consideran abstract magnetic tube, the base of which is a certain area, including the epice-
ntrumzone of an earthquake. As a matter of fact, we should consider a hypogenicphenomenon, leading to a
change in the structure of the given magnetic field tube.Such a phenomenon, the most correct in physical
concepts, is a change in the characteristic electrical impedance in the hypocenter zone. It becomes obvious
that in the hypocenter of the earthquake, mechanical mixing of rocks takes place, which also causes
thermodynamic transformations.

Let us assess the pulsation diapason from Formula (1) for the following parameters: the depth of the given
earthquake A= 2 km, g — /1-10/ Ohm*meter, which is characteristic of the Black Sea coastline [5]. Thus, we

received the diapason characterizing frequencies o(p)~2*102p=~/2-2*10*/Hz. Accordingly, Figure 2 shows the
low frequency part of the geomagnetic pulsation spectrum, i.e., Pc3-Pc5 diapason of the regular pulsations.
Thus, the example studied by us shows that the geomagnetic pulsations generated before an earthquake may
appear in either an obvious or unobvious forms in the records of nearby geomagnetic stations.
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TEMPORAL ANALYSISOF STICK-SLIP RECORDS
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Summary: In this research the results of analysis of time interval (interevents sequences) between bursts of Acoustic
Emission (AE) data sets were investigated. External influences on laboratory stick-slip processes induce changes in
dynamical features of AE record. Stick-dip laboratory experiments have been carried out for three types of stiffness
of driving springs (78.4 N/m, 235.2 N/m and 1705.2 N/m). The records have been investigated under different
conditions: frequency in range 5-120 Hz and voltage in range 0-3V applied on the 20 Hz vibrator attached on upper
(dliding) plate. For the analysis of interevents sequences of Acoustic Emission (AE) we have carried out dynamical,
nonlinear methods: DFA (Detrend Fluctuation Analysis), Recurrence plot (RP) analysis.

Key Words: Sick-dlip, nonlinear analysis, interevents sequences.

Introduction. Dynamical characteristics of nonlinear stick-slip process under a weak external forcing
were investigated. The stick-slip process of rock samples represents a model for the seismic process [1].
From the results of |aboratory experiments the stick-dlip process was observed at relatively low velocities
of movement and at low stiffness. Natural seismic activity may be influenced by different external, inclu-
ding periodic, impacts. External influences on laboratory stick-dlip processes induce changes in dynamical
features and investigate by nonlinear analysis of interevents sequences of Acoustic Emission (AE) records.
Analysis of the dynamics of interevent sequences is an important subject of researches in geosciences and
in geocomplexity [2,3].

Methods. In the present research we analyzed AE data sets recorded from the laboratory set up, which
represents a system of two horizontally oriented saw-cut basalt plates with height of surface about 0.1-0.2
mm. Influence force was applied to the upper (diding) plate on 20 Hz vibrator. The weight of the sliding
plate was 700 gr. In our experiments we have changed the frequency and the amplitude of periodical
mechanical forcing [4].

Stick-dlip records were registered as acoustic bursts by the sound card of personal computer (PC). For
testing three types of springs were chosen: 78.4 N/m, 235.2 N/m and 1705.2 N/m. The forcing frequency
varied in range 0.5-120 Hz for different 0-3V voltages, applied to 20 Hz vibrator. The experimental
records on PC were transfered by 100 Hz Piezo-Transmitter.

Nonlinear analysis have been carried out on time intervals (interevents sequences) between the bursts
of laboratory AE records of stick-dlip processes. At =t(i +1) —t(i)

Long-term correlation and scaling features of the interevents sequences of AE have been assessed by
DFA method [5]. Analysis represent quantitative parameters (DFA scaling parameter) and include full
information about correlation of signals and used in different research fields: geophysics, meteorology,
biology, economics, etc. The analysis shows self-similarity of the part of the system and it finds long-
range correlations embedded in non-stationary time series.

The qualitative assessment and analysis of dynamic features of interevents sequences of AE of stick-dip
process, we have used Recurrence Plot (RP) analysis method, which represents the best method of quail-
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tative analysis of complex time series and allows us to assess the behavior of complex dynamic systems
[6]. RP plots represent graphs with horizontal and vertical lines/clusters which correspond to different
states of stick-slip process, which shows system regulation. From this plots we got information about
changes structure of the stick-slip acoustic emission complex system under different external influence.

Results and discussion. Nonlinear analysis of interevents sequences of laboratory AE records of stick-slip
processes clearly shows changes in dynamical structures. From the results of DFA analysis of interevents
sequences AE records, we can see that long-range correlation and scaling features of AE undergoes clear
changes under external influences (applied different voltage and frequency) and creates the regularity of
the system. In the present research DFA has been accomplished at a polynomial fitting p=2 (see Fig. 1).
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Fig.1 DFA analysis of interevents sequences of AE records: a) spring stiffness 78.4 N/m (white
circles —natural conditions 0V, black circles — applied voltage 1V on 20Hz vibrator); b) spring stiffness
235.2 N/m (white circles — applied voltage 0.5V, black circles — applied voltage 3V and frequency 120Hz
on 20Hz vibrator); c¢) spring stiffness 1705.2 N/m (white circles — natural conditions 0V, black circles —
applied voltage 2V on 20Hz vibrator).

Results of RP analysis shows qualitative changes in regularity of interevents sequences of AE records.
From RP plots we can see changes of recurrence structures at frequencies 20Hz and 120Hz (spring
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stiffness 235.2 N/m) under forcing intensity 01V, 2V). The recurrence structures are not clear for spring
stiffness 78.4 N/m and 1705 N/m and the plots are similar to RP of random sequences (see Fig.2 — Fig.4).
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Fig. 2. RP analysis of interevents sequences of AE records, spring stiffness 78.4 N/m: a) natural con-
ditions OV and b) — applied voltage 1V on 20 Hz sensor.
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Fig. 3. RP analysis of interevents sequences of AE records, spring stiffness 235.2N/m: a) applied voltage
0.5V and frequency 120Hz on 20 Hz sensor and b) — applied voltage 3V and frequency 120Hz on 20 Hz sensor.

0)

Fig. 4. RP analysis of interevents sequences of AE records, spring stiffness 1705.2 N/m: a) natural
conditions OV and b) — applied voltage 2V on 20 Hz sensor.
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Conclusion. Time interval (interevents sequences) of laboratory AE records of stick-slip process have
been analyzed. Results were observed at different applied voltage and frequency. For nonlinear analysis of
laboratory AE data were used DFA and RP analysis. We observed changes occurred in the regularity of
stick slip process under different external influences.
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grant 217838 “Investigation of dynamics of earthquake’s temporal distribution”.
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EVALUATION OF ELECTROMAGNETIC RADIATION POWER
IN CONNECTIONWITH SEISMIC ACTIVITY
IN THE TSKALTSMINDA-UREKI GEOMAGNETIC ANOMALY AREA

Kereselidze Z., Melikadze G., Jimsheladze T.

Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilis State University, Thilisi, Georgia

Summary: The atmospheric electrical field inversion of analogous circuit model distinguishes a local segment from
the unique lithosphere-atmosphere-ionosphere (LAI) system. The reason of the polarity variation of the Earth
surfacecan be the generation of telluric current caused by the activity of thermoionized channel activated by seismic
processes. The local LAl segment corresponds with an electromagnetic circuit, the characterizing frequency
diapason of which is compatible with very low frequency (VLF) telluric electromagnetic radiation [ 1] . Consequently,
we aim to determine in which cases the electromagnetic radiation energy accompanying the telluric current
generated in the sea is sufficient for anomal ous variation of the electron concentration in the lower ionosphere.

Key words: electromagnetic radiation, telluric currents, ionosphere.

In our opinion, the telluric currents probably generated in the focal zone of earthquakes can serve as
such an agent. This assumption is supported by existence of local magnetic anomaly at coastal zone in
Tskaltsminda-Ureki resort, the physical properties of which can contribute to the resonant emission of
VLF electromagnetic waves generated in the focal zone. It seems that, specific geophysical characteristics
of this place add up due to interrelated factors: magnetite-rich sands from western part of the Adjara-Tria-
leti fold and thrust belt, carried by the Supsa River; seepage of seawater to the coastal area; the
polarization effect arising from the movement of a conducting fluid in a magnetized porous rock [2].

Intensity of telluric currents is higher in the sea then on the land. Therefore, the ionospheric effect of
the very low frequency (VLF) electromagnetic radiation close to seas and oceans is higher than in the
depth of the land [3]. When the focus of an upcoming earthquake is located beneathwater layer, besides
the ultra-low frequency (ULF) diapason waves expressed in geomagnetic field pulsations, VLF electroma-
gnetic radiationis probably also generated. In case there is sufficient depth, the high conductivity sea water
layer absorbs the VLF waves and conducts only ULF electromagnetic radiation. However, when the
telluric current circuit includes a part of a land or shallow, in certain geophysical conditions there is a pro-
bability that the spectrum of the VLF radiation is fully manifested. Therefore, total electron concentration
(TEC) anomaly may locally take place. It may be caused in the ionosphere by “heating” of lightly ionized
medium due to the increase in the magnetic viscosity of the plasma. During the recent years such a pheno-
menon has been considered as the indicator, which is extremely sensitive to an earthquake preparation
process [4]. Such a conclusion is acceptable only in case the activity of the cosmic mechanism causing
TEC anomaly is excluded. Therefore, there arises a question: in what circumstances does telluric current
have sufficient energy to create local TEC anomaly in the lower ionosphere? It seems that there is a simple
answer to this question: in case TEC anomaly appears in the area of a seismic-active zone then the telluric
VLF electromagnetic radiation energy has been sufficient for its generation. However, only a qualitative
analysis of the problem is not sufficient to prove this assumption andrelevant quantitative assessments are
also required. Therefore we used the geophysical characteristics of the local Tskaltsminda-Ureki geomag-
netic anomaly.
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Fig.1 a,b. Deep transver se cr oss-section for central part of Tskaltsminda-Ureki geomagnetic anomaly.

For example, Fig. 1a, b shows atypical transverse cross section of the central part of the geomagnetic
anomaly (conditional center “Magnetite” N-41 58 979; E-41 45 570). Apparent (a) and imaginary images
(b) show a variety of specific electrical resistivity (p), which is likely to be reflected in the intensity of the
telular currents[2]. It should be noted that for more persuasion we consider it is hecessary to built a deeper
cross section, although thiswill probably only be possible along the longitudinal direction.

Tskaltsminda-Ureki geomagnetic anomaly dipole model. Let us imagine, that in the depth of the see,
quite close to the geomagnetic anomaly, there appeared a generator of free polarization charges — a
thermoionized channel connected to the upcoming earthquake focus. Thus, in the geomagnetic anomaly
area estimatedto a first approximation by electric and magnetic dipolemoments, a telluric current source
was activated. Let us assume that the telluric current circuit, besides the sea, includes the land as well,
namely covers an anomaly area, which can be identified with the inhomogeneous system of polarization
charges characterized with a certain charge relaxation time interval. Quasi-neutrality requires to satisfy
conditionz << T , where T istelluric current variation time, which isin the relaxation time interval of free

L
and bound polarized charges, 7 = E is the time characteristic of electromagnetic signal distribution, Lis

longitudinal linear measure of the system and c is light speed.

Generally, electromagnetic radiation power W of a charge system is determined by multi-pole
moments. Let us assumethat the telluric current circuit is closed in the charge system area. It simplifies to
assess the energy effect of the electromagnetic radiation of the system, especially far from the system. In
this case the electromagnetic radiation power (ohmage loss) of the model system and consequently, the
geo-€lectric anomalyon the ionosphere level is determined by dipole electric and magnetic moments [5].
Their role in the magnetic effect is depended on the radiation emission frequency and wave length,
namely, in the high frequency approximation the power of the electromagnetic radiation of the quasi-
neutral system of chargesis mainly determined by electrical dipole moment P€ . P

o’ .
127 ,u\/a‘ P

w isfreguency of electromagnetic radiation, € and u are dielectric and magnetic constants of the medium.

2

We = ) (1)
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Concrete assessments of (1) formula requires determination ofthe equivalent electric dipole value.
However, this task is rather difficult as far as it depends on number of parameters. polarization charge
density, the electric conductivity and geomagnetic anomaly measures of the medium. However, there are
circumstances enabling to simplify this problem.According to the model, in the geomagnetic anomaly area
there are necessary physical conditions for conducting the telluric current generated in the upcoming
earthquake focus. Consequently, a telluric current circuit element or independent loop is localized here.
According to the structure and measures of the geomagnetic anomaly the role of the currentin the radiation
loss of the system, compared to the polarization effect, may significantly increase, i.e., the magnetic dipole
factor may become commensurable with or even more than the electric dipole factor. In this case the

power of the electromagnetic radiation of the system depends on the wave number determined by the

latitudinal linear measure | of the system: k = z

l
W™ = E\/g": \(2) . @

The geomagnetic anomaly of Tskaltsminda-Ureki contains great quantity of magnetite. Therefore, by
indirect assessment, compared to vacuum, the relativity of the constants characteristic of the medium may

increase by at least one order: \/% ~ 103 \/? ~3800 Ohm. Determination of the P™ magnetic moment,
0

like electric moment, is difficult. However, we can imagine the magnetic dipole approximating the ano-
maly as the sum of the elementary dipoles. Therefore, we should virtually imagine thatin the geomagnetic
anomaly area the circuit of the telluric current generated in the sea is a spoolof current, the separate cail
radius 1, of which is much less than the latitudinal linear measure of the geoelectrical anomaly. Each cail
magnetic moment m = mré I, where I, is periodically variable telluric current amplitude. In this case (2)
expression is simplified and gains classical form W = 0.5Q1¢ where Q is ohmage.

W™ =500018(r,/D* 12 . 3)

In order to assess the total Q = Y. W™ power of the electromagnetic radiation characteristic of the
model magnetic dipole we may use the geophysical parameters of the Tskaltsminda-Ureki anomaly.
According to the electrical sighting data the value characteristic of the telluric current density amplitudeis
1,=0.01A, while the relativity of the latitudina and longitudina linear measures is r,/1)=0.3 [4].
Consequently, the power of the electromagnetic radiation corresponding the virtual coil is
(4* 10 Ohms* (10%)A%=4 Weaitt.

Conclusion. It is known that in order to make influence on the upper ionosphere 4.5-9 MHz frequency is
needed, which requires nominal conductor power of 750 watt [6]. Consequently, in order to have effective
influence on the plasma medium at the lower ionosphere level (D, E-layers), in the VLF diapason,
minimum ~25-100 kilowatt power is required. Magnetic anomaly we can imagine as a virtual vertically
oriented antenna. By physical analogy, in case of G = 100 amplification coefficient value, such radiation
can emit an antenna of approximately 10 megawatts of capacity that fully covers the entire space [7]. On
the basis of physical analogy we can assume that within the limits of the above described model, for the
local perturbation of the ionosphere medium from the Tskatsminda-Ureki geomagnetic anomaly area,
which can be considered as the seismic activity increase indicator, a L~15 km long virtual current spool
will be sufficient. As far as the radiation power of each coil isW™ =~ 4 watt e.g., when the coil number
is n=1.5*104 then the total power of the electromagnetic radiation corresponding the total magnetic
moment of the spool is Q =~ 60 kW. The electromagnetic process will be impulsive, while the leader in in
frequency spectrum will probably be the VLF diapason frequency, which is characteristic of the electro-
magnetic circuit corresponding to the local segment of the LAI system [1].
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03abomgolb, ®m3 (1) ImEgmoEsb asdmzymo Mgammsmmoa bsboemon, dogdsGonme dgdwaa
dg0mEb. sgsgmm sbamo 3GMm3gbo:

N = qb(_Ql o (rand(0,1)) keN, (4)

Loa(s (]5(_Ql 5)960L bn@doMo aoboborgdol gbg300b Bobomg Lobg. bmmm rand(0,1) oMol
3bggem dgdmbgzomoa (0,1) 068 gM35m Dby 3sbsbomgdmmo Mosbggdo.

(4) gm@EInmoon dgazodmos sMandgb@ab bofmgdg dngnmmo bbgswabbgs 3Mmzgbol gome-
35d9ds. hggba 5dm (30605 303mz3mo 0bgomn Ny, B3 Ladommmnsbo nymb dgdwmggo:

S1(& —1,)" ~ min (5)

sbgmo rand(0,1)n-gmmo 3mgbal dgdga, Mmiss (5)-d0 dombBgyma 0gbgds dabadsmyymo
3603369mmds, 35306 dga30dmos oMmB3N6gdom 3mdgem, MmMB Lo 3gmgs Ex-ob godmgysgom Ny
8650098 9M30b0b@mmo Boboma (mgmta bdsyma), badmmmme, 83 Jgomeozom dogomgm Rzgbo

dgmhgg0l obemghs Mgammammm ©s Lobanmoemnm bsbomgdsm Q) s Ax dgMhgzalb yzgms K
bgM@oedo. sbg3g dgagzndmos domgmo ©s33060M3980L LogMmdgdg 303mzmo bn@dsmyMmaw gs6sbo-

mgdmmo 3ogdLodsmymo (8basgbo) dgdswagbgma, Mm3moamsy Mganmotnm Bobommsb ymggm
bgM@omdn dgx 939600 30300098 doremnsb bGmJab@mE 3Gm3gLb.

bgdmmndmygzobomo domngds@nzmen 6sBomal 3m33ondgemmo Mgomadsaznom sgoggo bob-
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M3 30bo gobsbomgdol gmbd(300 obBamow gdmbzgzs (36mdam bmMdsmuEma gsbsBomgdals
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3mabggmmao 333306930 3G0b0300 : 1. 039-6mgdmsb ; 2. mz30b Emggdo — Bemgdoshb.

bgImombndbymBds obmghed dmazze Ladmamagds g393m3s 860d369mmasba 306mbdmBng-
90900 30babdzgds 30dmd(393980L RsbsBgMgdmsb. Liy@.2-0b Jom3bgbs gMognzody 8d3 oMo
hobl 3mbozgdms bgdmombndbyymn dmba(3zmamdomo gomabzmgdo m39980b dabgogom. goblbe-
Jnocgd0m 3mb3MgGnma©, mgamdabszgdos mgdgmgmoab, ngzmabolb s bmgddMal mz0b sboo-
3ommd dmog@o 3bgogbgds. omosb 3mba(39dms dobado gb 3 3ol gemmo baboemn, Hm3gmoms
dmMal EMHmocn ab@gMmgama mabsdamos, 398 Yy39mgdb Mmal 83 g30dmegddo nbgmn 3Mm(3g-
Lgdob 9MLYdMBadg, EMBgemaz g9bgMMadmoas sMsMMIdMMEM0 RBod@MMgdoo. 30bs0@sb,
3Mm39b0 03¢mogbgdlb dzogame Z 39MmE0zsomutn 360d369mmdal ghmo smgdomoa dadsGomy)-
mgdom ImdMomdal biy@. 2, sdgomos 3gMomeymon BadYMo gosbzmgdn ogdoma dmeyybo-
b Momymazomabygb. LyMm. 2-0b dofg3qbs gMognzn sMab doMsbgbs amognzob Rsdms wmyg-
30l dabgognom. o453, 030b dgs 3gMamedn (12-20 Ma3b390630) 94bEBgbBMgE ML sbsmzgamgda
90% 3g3mbgggzedn ndymaygds Lodmsmm dmbs3gddy domme. sbgmn gog@gdo Imbs(39398dn o~
033063985 a56bsgmomgdom 1990 Bmolb sbomgamgddn, Laws oo Bomo bgdmblbgbgdmem
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03990bg dmeab. gb gogdo abzg3b 858 gdoma IMdz3omRdJEMENma Sbomadalb Ro@omgdal
0b@gMgbl, Mmdgmoa(y 0gbgds Rzgbo 33emg30L d9dmgan g@odo.

Ly@. 3 3960033 Mo gdbgbdm3gEMobl s650m3mgd33n
363 3MAgmaMgdsmn ©d M3 5 36mIsmeuyn 6sbamagda

dmbo(398ms 83 565mnbdn bodmzbns MMogHm sMs MM gmamgdawn babomagda. sbggg, Imbe-
(399ms 06L3gJE&0Mgdal bobamdn g303mzggm dmogMo sbmdamngdo (0b. L. 3-ab JoMgz96s b3gd)-
do). Ladmmmme dmbgmbos g M3nbabG Mmoo (Ly.3-dg 363569 dgxgHommdom ©osbmmmg-
b0 40%) o 58 gMB0babEmmo (bm@MdsmaFmon asbsbamgdmmao dmbs3gdms 60%) 3Mm(3g-
Lgdob obmgRgs. (365N, (3039 3330l Lagznmbas 83 s6mIamngdal 3o3dnMn Lbgs ggmez0do-
3M-39memmany® 3Mm39bgomab.

©3b33b0L Laboo dgodmgds amggol, Mmd 1989-1991 bemgdol 30bobgzgds 30dmgzgz0mo
0053306039060b 8mba(3939830 badmgbas dmgmo Mogo goMyma 396mbdm3ngMgdgdo @s abobo yg-
o0 gdol 08bobymgdgb. 30dmd39300 3GM(39L0L Bog@mMEMS ImMal M3oMmso@gbol godmbogemg-
bo 30bobdgbmbomos 835330000 BoDIMS (339 gddMESL, gogoM330mm Mo baMabbol 3o3-
doto dgodmgds 3mbrgl dmgemg-0gwsdnbol s 3Dg-geednbob bszombgdosb.
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ON ONE EFFECTIVE EVALUATION OF 1989-1991 DATA BY VERTICAL EXTENSOMETER
OF THE UNDERGROUND CIRCULATORY LABORATORY IN TBILISI

KiriaT., Nikolaishvili M., Lomadze E.
Summary

Summary: The article studies the 1989-1991extensometric data and the nature of their behavior at the Thilisi
underground circulation laboratory. The use of selective robust statistical methods to determine the predicted
hypothesis performance areas is presented. The data for these years are mostly low intensity movements, except for
rare episodic strong deviations, eventually the process is statistically stationary and reveals statistical structures that
are mainly characteristic of certain periodic (alternating) factors. In other words, this means that most probably the
stationary stochastic behavior resulting from the same power impacts on the boundary rocks are observed in the
circulation data. We have discussed the recovery of a useful signal from T statistics that is generated by the very
deterministic effect. The statistical estimation model is compared with the normal distribution method when the
parameters of this distribution are known (sampling method).

Keywords: Earth circulatory processes, Sochastic behavior; Extensometer.
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03569 xogobodgocmol bob. mdoemabol bobgemdbogm mboggmbodg§al
dob goem 6monol bob. g39me0d030b 0bbG0GmEB0, Mdocrnba, bsjsGoggenm

3bmGo0s: @sdsndmnsbn gamonl (bmeg. 5(3065) BgFo@mE00Dy mm oo 0b@gbbom@ma ggmdsgbod -

0 sbmsmngdolb gododo bEE & amolb dgbobbogmsw BoBom gdmmos dsg608mdg8maemo 33tmg3980. oS-
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36{]@(\03060 [)ngpngpnb 30’)(*/)07)('76@0@360 360@036@35007.
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3505309800 emm g3rm@mo Sombodgonz06m 953598980b msg0bgdamgdadolb jaemg3980 bLodmsemgdolb dmaszs9db
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bs3356dm boByzgd0: a39mdsgbodamo 390, dogbodmmgmedns; 8sgb0d Mo 39emol sbmdscmns.

3936096960l Lbgosabbgs omadn dombgyma Bomds@gdgdal doDodg, XX Loy 3nbol dm-
mmb 396906030 dmzmgbgdol gofmmm L3gd@Mob s6smabobomzal Rsdmysmndos 3M0b303¢)-
ma@ dbamo bobgMag@nzmmo doamds. gb Joamads 0035mabbabgdl 3mb3MgG Mmoo dmgmgby-
b0l Dgdmddgmagdol gobbodemgmab.

6930b30gMa (3mbamo LobEgds goMz3gMmo 3ommdgdda dgodmagds aymb 93 (gmgd&Hmdag-
Bo@mn) g0dmbbnggdol oo dbmmmme dodmagda, sGedgm aqbgMe@mma(s. h3gbo s3m(365s, MH™A
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393806960b o gbody gomgdy bgdmgdgwgdal bGINmbe s dombab@gdal Mgsdzosl dmeal.

33939000 83m(3069830 M30M39mgl ymazmabs LagoMmms 3madgdbmb bbgsmsbbzs Bystimmsb
3969606 g09ma 3gmgdals 3mm3gMs@ogmo YMHm0gModdgrgdgdo, aobobsdmazMmb 3 3Mm39Lg-
30l ©0bd30gs s 33 3gmgdal dommmann® mdogd@gddy bgdmgdgogdal batabbo MxMgoowsb
5053056530].

356bo39mMgdmmo 360d369mmds hggblb 33mg398do gbogdgds 3gmdsgbo@ne s mommbeyg-

b bEOYJGnPgdob ogm g96gGnmgdama 39mgdom g88mbggnm 9539d@&gdL. Hmams (36m-
d0m0d, ©gsdnbals dogbodyMo 39mo dgmagds dos s 4oty 3m33mbgb@gdnbgsb. dnbsgsbo aobdon-

mMdgdnm0s ©gEsdnbal 93989mgdnom s 3obLadr3gMazL obo dMwdagn ggmol 3oM0s309db.
39m30ab0G M0 39mo yggms (3mEbomo mmaeboddob sMbgdmdol gamgdms. ssd0sbn gob-
Lo gmomgdom 3amdbmdostgs 3gmdsgbod Mo 3gmob ymggmagsmo d53gmmgdal d0dstm, dom
m3989L, o9 gb dgdxmmgdgdo gomorymadaymoas (g56Lszgmmgdoo &qdbmagbymcn) bbgoobbgs
b93mddggdom. sbgzg, bLyPomdyYm gogmgbsl sbgblb Labozmbemm 3Mm(39Lgddg 36ndgbgemm-
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baggmg aodm330L Gndonn doxns 10 Ig@ Mo (g@smndo 33mmg30L dgdmbggzsdn doxo 5 3g8)-
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300 3-d0 LBdambdyg 39emo 93935 47000 a53530y.

booMbal 3HMmPamgdal dobgogom, Bbmmme g gomdgbabgs osmgmoaon ( V=23/63)
dogbo@ Mo g9mal aMongb@gdo o bLbzoabbgs LohdsMom dmdMag 90s3056bg Fogbo@ o

39mob aodgmen bogowgdor:

AF=(AH)%/8n

Gbmocemo 1
3Gmgoemab 13 t63 V63 | AH585/8 | AH a585/68 | AP=(AH)Y/8™

Ne 4

38 10
| 60 30 2 186 55,79 1,38
I 60 30 2 148 44,31 2,7
[ 40 20 2 301 60,11 3,6
\Y 50 25 2 235 58,65 2.3
Y 60 30 2 188 56,33 1,4
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STUDY OF STRONG LOCAL MAGNETIC ANOMALY IN ORDER TO CREATE A BASELINE
MODEL OF A NATURAL MAGNETOTHERAPY RESORT IN ATSANA REGION

K artvelishvili K.| Berishvili G., Mebhagishvili N., Kiria T., Nikolaishvili M., Lomadze E.

Summary: Magnetometric studies were carried out to study local intense geomagnetic anomalies in the Guria Lowhill
(Atsana village). Based on these studies, numerous intensity local anomalies with significant horizontal gradients
were identified.

Sudying the features of the basic element of space weather — the biomedical effects of the local variations of the
geomagnetic field in the area of Atsana anomalies will allow us to solve the problem of creating the basic model of
the natural magnetotherapewvtic resort.

Key words: geomagnetic field; magnetotherapy; magnetic field anomaly.
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SOME BASELINE DATA FOR A EFFECTIVE RESPONSE OF EMERGENCY
SERVICESIN A SEISMIC DISASTER IN SOUTHERN CAUCASUS
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Summary: On the base of statistical materials of 1988 Spitak earthquake suggesting some important date for an
effective response of emergency services in a disaster are suggested: dynamics of casualties (irreversible human
losses) in the ruins during the first days of earthquakes; the dynamics of rescue force expansion during the first two
weeks for earthquake zone with 500000 population; an estimate of minimum necessary medication and medical
accessories per 5000 patients; forecasting the degree of damage to different types of residential buildings depending
on the intensity of the earthquake and the number of possible victims.
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Based on the post-earthquake situation and the impact assessments, it is necessary to estimate the
approximate volumes of assistance to be provided to the disaster zone, including time for rescue opera-
tions, quantity of rescue forces and equipment, medical assistance, medicines and medical supplies, various
services: specialists, technicians and materials, food, water, clothing, financial minds, fuel, overnight acco-
mmodation, evacuation of population from the disaster zone, temporary housing, vehicles and fuel, etc.
For the calculation of all these needs, in addition to international standards, estimation methods have been
developed in the Republic of Armenia in account of local conditions [5,6].

The first 2-3 days are the most important in terms of effective respons to earthquakes, in particular
saving lives, reducing or preventing negative effects (when the rescue, pre-medical, engineering and other
assistance is primarily provided by the local population and services), and the organization of works
locally, at different levels of government [3]. By effectively crisis management, losses of strong earth-
quake can be substantially reduced [4,5]. There are both methods and approaches developed in Armenia
for the preliminary assessment of earthquake effects and important data for an effective response of
emergency service a disaster [1,5,6].

Timefor effective rescue operations.

As a shown in figure 1, the first 5 days after earthquake are very important for saving the lives of
population in ruins. Usually the first two days, before the arrival of professionals, the main rescue
operations lie with the local unprepared population.

Required rescue forces.

In seismic catastrophes it is important to quickly determine the necessary rescue forces — specialists
(rescuers, firefighters, civil engineers, seismologists, life support engineers, etc.) and rescue equipment
(cranes, loaders, bulldozers, trucks, excavators, etc.) [2,6]. The number of rescue forces depends on the
scale of the destruction of buildings, the construction (structural) type of destroyed buildings, the
condition of the implementation of rescue operations, etc. To calculate the rescue forces, we can take as a
guide the data on the dynamics of rescue force during the 1988 Spitak earthquake (table # 1). Which
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shows that for an earthquake zone with a population of 500,000, the number of rescuers needed is 38,000,
and for heavy equipment — 3,100.

100%

80 -

60 -

40 A

20 A

Fig. 1. Dynamics of Casualties (irreversible human losses)
in theruinsduring thefirst 10 days of earthquakes[3].

Table 1. The dynamics of rescue force expansion and survivors number during
the first two weeks after the 1988 Spitak earthquake [5].

Date Number of Rescue Number of Comments
forces extracted people
Specialists| Heavy Alive Dead
Rescue
Equipment
07.12. 11 000 1200 20000 [ 3900 1. Unprepared residents carried out main rescue
1988 operations by themselves;
2. Lack of adequate organization and rescue
forces.
08.12. 33 000 2100 5000 6 000 1. Lack of adequate organization, lack of rescuers
1988 and vehicles/equipment, their uneven distribution
in the destruction zone.;
2. Heavy traffic;
3. Arrival of civil defense forces.
09.12. 35000 3000 4800 3400 1. Start of Traffic regulation;
1988 2. Start of rescue operations;.
3. Assistance of professional rescuers.
10.12. 37 000 3100 5700 750 1. Control of the situation, management of rescue
1988 operations.
2. Sufficient human, material, and technical
resources.
11.12. 38 000 3150 1 800 2600 1. Operative rescue actions, organization of
1988 works:
12 -21.12. - - 1 000 8350 1. Sharp decline of survival ability of those
1988 remaining in the ruins.
Total = = 38300 | 25000
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Minimum necessary medication and medical accessories.
Table 2 provides a list of the most needed first aid medicines and medical accessories per 5000
patients affected by the earthquake.

Table 2. An estimate of minimum necessary medication and medical accessories per 5000 hospitalized
patients based on the 1988 Spitak earthquake experience [3,5].

Name of the drug or Quantity
accessory
Blood 5000 litr
Medicine droppers 3750 pcs
Syringes 10000 pcs
Needles 20000 pcs
Pain Relief and other Medications
Analgin; 1000 bundles with
10 ampoules
Promedol; 1250 package
Physiological solution 2500 bottles
Ringer solution; 1200 bottles
Piliglyukin 2500 bottles
Reopoliglyuks 750 bottles
Glucose solution 1250 bottles
Manitol, 250 bottles
Vitamin C; 250 bottles
B1, B6 vitamins; 125 package
Lasix 250 ampoules
Bandage 15000 pcs
Gauze 2500 metr
Gypsum 250 kg
Splint 250 pcs
Iodine solution 25 litr
Hydrogen peroxide 50 litr
Stretchers 250pcs

Assessment of damage to different types of residential buildings and number of possible human
losses.

Damage to various types of residential buildings common in the Southern Caucasus and the number
of victims with an earthquake intensity of 8-10 units was predicted based on statistics from the 1988 Spitak
earthquake [5,7]. For the assessment of damage degree five point scale was used [5]. The number of
victim in day-time and night-time was calculated (table 3).

38



Table 3. The degree of damage of different types of residential buildings depending on the intensity of the earthquake
and the number of possible victims on the base of 1988 Spitak earthquake statistical data.

N | Types of residential buildings, story The degree of damage(D) of different types of residential buildings
and number of apartments depending on the intensity (EMS-98) and number of victim’s* V4-in
day, Vp-in night) in a collapses building
8 unit 9 unit 10 unit
D] Va|] V| D | Va| Va| D[] V4| V4
Multistory buildings
1 Large-panel 9-storey buildings, 36 | 0 ) 0 0 ) ) )
apartments
5 Large-panel 6-storey buildings, 24 | 0 ) 0 0 ) ) )
apartments
Frame-panel 5-storey buildings, 20
3 apartments (build up to 1991) ! 0 > >4 108 ) ) )
Frame-panel 5-storey buildings, 20
4 apartments (build up to 1991) 12 0 4 30 60 ) ) )
Frame-panel, 14-storey buildings, 48
> apartments (build up to 1991) 2 0 45 72 144 ) ) )
Stone 5 storey buildings of series
6 A-450, 60 apartments (build up to 1991) 2 0 34 63 126 > %0 180
Stone 5 storey buildings of series
7 A-451, 90 apartments (build up to 1991) 2 0 34 9 189 > 133 270
Buildings, constructed by the “floor lifting”
8 | method, 16-storey, 128 apartments (build - - 34 134 269 - - -
up to 1991)
Buildings, constructed by the “floor lifting”
9 | method, 10-storey, 80 apartments (build up - - 5 120 240 - - -
to 1991)
Apartments
Stone 1-2 storey buildings with sand-clay
10 and lime mortar without metal (1000 3 0 3-4 30 60 5 100 200
apartments)
1-2 storey stone buildings with concrete
11 mortar and metal (1000 apartments). 2 0 2-3 15 30 3-4 50 100
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Summary: Based on the analysis of statistical data on the effects of the earthquake in Armenia, the authors develop-
ped technologies for the express preliminary assessment of the following important parameters of the destruction
zone: the boundaries and the most heavily affected settlements; the scale of the destruction of buildings; destruction
of main lifelines, human losses. In our opinion, these technologies can also be used for the countries in the territory
of the South Caucasus.
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After a strong earthquake, there is an urgent need to carry out preliminary assessment of some impor-
tant parameters of the destruction zone for the organization of rescue operations. The first stage, concerns
the determination of the parameters of the destruction zone, the most affected settlements, the extent of the
destruction of buildings, human losses, the areas of damaged main lifelines [2,4,6,]. The methods develop-
ped are based on the statistical data on the consequences and effects of strong earthquakes in Armenia and
on the results of analysis of these data.

Deter mination of the area of destruction and the most heavily affected settlements.

Problem is implemented on the basis of coordinates of the epicenter, magnitude and isoseist models.
Based on the analysis of the isoseist maps of 14 earthquakes in the territory of Armenia with an intensity of
6 or more by EMS-98 scale, the average and maximum radii of the isoseist models of earthquakes with an
intensity of 9 and 10 t are calculated (table 1).

Table 1. Maximum and average radii of statistical models of the isoseist
of strong earthquakes in the territory of Armenia [5,6].

Earthquake Isoseists | Maximum and average radii of isoseist axes in km
intensity at th i
intensity at the) axis 10 9 ‘ 8
epicenter
Max. | Mav. | Max. | Mav. | Max. | Mav.
10 Large 27 20 100 48 130 63
Small 10 6 35 18 65 30
9 Large - - 13 9 20 22
Small - - 5 4 10 15

The scale of the destruction of the buildings.

The 1988 Spitak earthquake caused noticeable damage to buildings located in the zone of intensities
higher than 7(by EMS-98). Large-scale destruction was determined by the 8-9 and greater intensity
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shaking) [3,7]. More than 50% of residential areas were destroyed in the 9-intensity zone, and 100% in the
10-intensity zone. The most likely destruction included: multi-storey (5 and more) residential buildings,
public buildings (educational, health, department stores), buildings of factories build in 1957-1991(Soviet
period) [3,5]. Damages to 1-2-storey private stone houses built with concrete mortar were relatively low
even in the 9-intensity zone. Among the state-sector constructions, 9-storey frame buildings appeared the
most vulnerable: 85% of those buildings collapsed immediately after the intensity 9 shaking, and the re-
maining 15% became unsuitable for rehabilitation. The 9-storey large-panel buildings withstood the same
intensity shaking, and had damages of Categories 1 or 2. Taking into consideration the earthquake damage
statistics for different types of buildings within the same intensity zone, specialists of the Seismic Survey
of the MES of the Republic of Armenia compiled diagrams of damage of five common types of buildings
in the earthquake zone depending on the earthquake intensity (figure # 1). This is a very important data for
seismic vulnerability assessment of multi-apartment buildings, as in practice other methods and calcu-
lations cannot offer a reliable assessment of the seismic vulnerability of poorly constructed buildings.

Fig. 1. Damage statistics data for varioustypes of residential buildingsin the 1988 Spitak earthquake
depending on seismic intensity) [3,5]. Type of buildings: 1-Stone 1-2 storey buildings with sand-clay
and lime mortar without metal; 2-stone 1-2 storey buildingswith concrete mortar and metal;

3- frame-panel 4-12-storey buildings; 4- stone 4-5 storey buildings of series 450 and 451; 5-Large -
panel multi-storey buildings.

Destruction of lifelines.

Urban infrastructure is significantly damaged, from the intensity 8 EMC-98. Railways and highways,
gas pipelines, high-Voltage lines, and water supply lines are damaged from the intensity 9 (table 2).
Possible damage of external lifelines ar given in table 3:

Table 2. Estimated data on damages to the infrastructure caused
by earthquake intensity of 8-10 by EMS-98 scale [5].

N Infrastructure elements Dar?rz:\tggq;.et\/)/elb?/téiﬂrgggake
8 9 10
1 | Water lines weak average strong
2 | Sewer lines weak average strong
3 | Power cables (10 000-30 000 V) average strong strong
4 | Medium pressure gas lines average strong strong
5 | Cables of Telephone lines average strong strong
6 | Streets average strong strong
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Table 3. Estimated data on damages to the external lifelines caused
by the earthquake intensity of 8-10 by EMS-98 scale [5].

N Lifelines Damage level at earthquake
intensity by EM S-98
8 9 10
1 | Water pipes weak average strong
2 | Sewer lines weak average strong
3 | High Voltage Power Lines weak average strong
4 | Gas supply pipelines weak strong strong
5 | Cable telecommunication lines weak strong strong
6 | Railways weak weak average
7 | Highways weak weak average

Assessment of human losses.

The number of earthquake victims depends on many factors. The most important are: number of
destroyed buildings, time and season of the year, rescue potential, public preparedness, degree of
preparedness of the local authorities to manage rescue operations. The main victims at night-time are in
multi-apartment buildings, and in the day-time in multi-apartment buildings, in educational institutions,
hospitals, department stores, factories, etc) [1,5]. On the base of statistical data of the 1988 Spitak
earthquake to assess the number of victims in one destroyed apartment, it is necessary to 2.0-2.5 people in
one destroyed flat in the day-time. At night, the number of victims will be even greater, about 3 people.
According to the same statistics, with 10 victims, there will be 15 injured to be hospitalized.
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Summary: Information about effect of solar forces on global seismicity are presented.

Key Words: solar activity, earthquakes.

The sun radiates energy uniformly in al directions and the Earth intercepts and receives part of this
energy during rotation around the sun. The source of ailmost all the energy on Earth is the sun. Changesin
the Earth’s system atmosphere, hydrosphere, biosphere and lithosphere (sedimentary rocks) depend on
continuous stream of particles flowing outward from the Sun.

Sun loses about 5.5 million tones of mass every second or about 174 trillion tones of mass every year.

1. The radiation pressure of sunlight.

The radiation pressure of sunlight on earth is equivalent to that exerted by about a thousandth of a gram
on an area of 1 square meter (measured in units of force: approx. 10 uN/m2).

Taking into account Earth’s surface area— 510 072 000 km?, the total pressure acts on the surface of
the earth with force of many billions kg/forcein year.

Thus, the solar radiation reaching Earth's upper atmosphere exerts a pressure (force) of sufficient
magnitude to perturb equilibrium of the Earth's tectonic plates.

2. Magnetic field of earth.

The continuous stream of solar particles (solar wind) pushes Earth's magnetic field. As a result, the
geomagnetic field, acting as an electromagnetic barrier, is compressed in the direction towards the Sun and
is stretched into a (tail) in the direction away from the Sun. Fluctuations in its speed, density, direction,
and entrained magnetic field strongly affect Earth'slocal space environment.

The pressure of the solar wind on Earth’s magnetic field compresses the field on the dayside of Earth
and stretches the field into a long tail on the nightside. On the dayside of Earth, rather than extending to
infinity, the magnetic field is confined to within about 10 Earth radii from the center of Earth and on the
nightside, the field is stretched out to hundreds of Earth radii, well beyond the orbit of the moon at 60
Earth radii.

The interaction between the solar wind and Earth’ s magnetic field, and the influence of the underlying
atmosphere and ionosphere, creates various regions of fields, plasmas, and currents inside the
magnetosphere such as the plasmasphere, the ring current, and radiation belts.

3. Gravity changes

Gravity change also deforming the Earth and cause earthquakes. Einstein envisioned gravity as a
bending of space-time by mass. The geodetic effect is the warping of space and time by the gravitationa
field of amassive body (in this case, Earth).

GRACE detected a migration pattern of gravity changes due to deep and crustal processes a few
months prior to the 2011 Tohoku (Japan) earthquake [Panet et a.2018].
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Most earthquakes occur along the edge of the oceanic and continental plates.

Sediment transport is the movement of solid particles due to a combination of gravity acting on the
sediment and the movement of the fluids in which the sediment is entrained. The force of gravity acts to
move the particles along the sloping surface on which they are resting. Sediment transport due to fluid
motion occurs in rivers, oceans, lakes, seas, and other bodies of water.

The aim of this study, to identify the Sun generated forces contribution on total amount of earthquakes
occurred on the Earth. As a main physical value of presented forces effected on the Earth was chosen
Total Solar Irradiance.

World quakes growth trend over the period 1700-2010 can be described as:

Eq=7E-08¢""
Relationship between solar activity and global seismicity in 1680-2012 reveals a good correlation:

EQ=33,45TSI - 45667, r=0,79.

-where Eqg-amount of significant World quakes, TSI-total solar irradiance in W/m? r — correlation
coefficient.

Geomagnetic activity.
Relationship of earthquakes from aa-index over the period of instrumental observation 1867-2008
shows also good correlation:

EQ=1,15aa+ 0,55; = 0,75
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Summary: Acquiring data on the triggers of slope failures, such as intensive snow falls, earthquakes and melting
snow are essential to understand the mechanism of the failure and predict future natural hazards. Sudden landslides
formed simultaneoudly in different areas triggered by deep foci Pamir-Hindu Kush earthquakes create great danger
in the foothill areas of the Central Asian region. The role of distant deep-foci Pamir-Hindu Kush earthquakes as a
"trigger" for formation and mechanism in dispersive soils under the influence of prolonged, low-frequency vibrations
is examined. Microseismic measurements on 7 landslide sites (by Nakamura method) mainly on landslide sites with a
depth of 17-30 m showed the dominant frequency characteristics 1.5-2.2Hz, which coincide with the dominant
frequency of deep-focus Hindu Kush earthquakes at these distances from source. Numerical simulation used to
assess and comprehend the flow behaviour and some flow-like landdlides backcalculated with RAMMS. HillSope
simulation tools.

Key words: earthquake, landslide, numerical simulation.

Central Asia is particularly sensitive to the effects of natural and man-made climate change: the
degradation of glaciers, landslides, the dying of the Aral sea and desertification. The effects, whether
gradual or catastrophic, on the fragile economies of Central Asia countries, including Uzbekistan, can lead
to the collapse of the socio-economic systems and infrastructures of these countries.

The area of the Republic of Uzbekistan is 450 thousand square kilometers of which 20% of total land
is mountainous. Of that landslide prone zone, from 15,000 to 17,000 square kilometers is subject to the
landslide disaster risk with a population of 3 million. The landslide hazard area includes more than 500
villages, 152 recreation facilities, more than 200 sites of roads and canals and more than 22 mines and water
resource facilities. In Uzbekistan, from 100 to 300 active landslides and avalanches occur every year [6].

Acquiring data on the triggers of slope failures, such as intensive snow falls, earthquakes and melting
snow are essential to understand the mechanism of the failure and predict future natural hazards. It is time
to take a different view at the problem of seismic safety of mountain areas. It is necessary to amend
seismic hazard maps with the probability estimate of dangerous slope processes and take it into account at
the identification and calculation of seismic risks. It is especially relevant to mountain river valleys with
the existing and planned cascades of hydro-technical facilities.

In Uzbekistan, the influence of earthquakes in the formation of landslides has gained little attention,
mostly because the studies focused on the role of rainfall and groundwater in the formation of new
landslides. For the Central Asian region the largest center of seismic activity is the zone of Pamir-Hindu
Kush deep-earthquakes[5]. Every year in this area occur about 200 earthquakes at depths of 180-250 km
and 35-40% of it occurs in the spring. Some events are reaching M-7 and in the Central Asia territory, they
produce ground motions such as 3-4 MSK units of intensity (Fig.1). Among the four known intercom-
tinental zones where earthquakes occur in intermediate focal depth (Burma, Romania, Spain and the
Pamir-Hindu Kush), the latter is the most active and best covered by instrumental measurements and fairly
well understood. Comparative analysis of time synchrony of Pamir-Hindu Kush earthquakes and forma-
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tion of large landslides in the period from 1969 to 2018 showed that more than 200 cases of landslides
formed in South Kyrghystan, Uzbekistan and Tajikistan [7,8].

Landscape sensitivity, in terms of the degree to which it can cope with these rates of change, should
therefore be considered as a consequence of combined changes in the preparatory factors (e.g. precipi-
tation events, antecedent groundwater conditions) and triggers (e.g seismic vibrations at this time). Rela-
tionships between rainfall patterns and slope instability are reported in the literature for a range of slope
failure mechanisms and climates[2]. These studies demonstrate the importance of considering the likely
impact of future climate change on slope instability. However, triggers and antecedent rainfall thresholds
are highly site-, region-and material-specific and therefore it is not possible to use studies reported in the
literature as a guide to future behaviour of other landslides in regions that experience different climates
and triggers.

The mechanism of the effects of climate change to the growth in the number of landslides at the turn
of the twenty-first century is connected with the increased frequency of turnover of wet and dry years,
number of years, when the amount of precipitation in preceding period between November and February
was more than 550-600mm. In March — April heavy rainfalls fall more often around 30-40 mm, for a few
hours with an intensity of 8-15 mm / hour. Increased cases where the value of rainfall for two — three days
was 90-110 mm. This large volume of precipitation was significant enough to saturate the soil or
weathered rock, and the higher water table thus contributed much to soil (debris) flows and made steep
slopes potential to fail after earthquake shaking.

Seismic effect of the impact was determined by the parameters of amplitude, dominant frequency and
duration of vibrations [3]. The latter factors could be decisive for the stability of slopes in the wet spring
season, but short-term impact with high frequency, even with very high acceleration may be not dange-
rous. Therefore, drop-out of abnormally large amount of precipitation or severe earthquake in this region
may not cause landslide, and may form several landslides. Much depends on whether the slope has
reached a critical state of stability.

For the main part seismically generated landslides usually do not differ in their morphology and
internal processes from those generated under non-seismic conditions. However, they tend to be more
widespread and sudden. Almost every type of landslide is possible, including highly disaggregated and
fast-moving falls; more coherent and slower-moving slumps, block slides, and earth slides; and lateral
spreads and flows that involve partly to completely liquefied material Features of combination of two
external spatial factors (atmospheric) rainfall and earthquakes on the time and place of formation of the
local slope of the landslide have a very complex relationship. Since the seasonal conditions of moisture
saturation of slopes can increase its susceptibility to seismic vibrations for the orders.

For example, three groups of landslides were considered. The first — massive landslides in wet years
with frequent earthquakes. The second — mass manifestation of landslides in wet years, but with the lack
of strong earthquakes. The third one — activation of man-made major landslides at earthquakes vibrations.

This study shows the relationship between the timing of large landslides and formation of mud flows
in the mountainous areas of Central Asia to the timing of long-duration, low-frequency distant Pamir-
Hindu Kush earthquakes. Fifty-six cases of landslide liquefaction, extrusion, and mud flows at the time of
earthquakes were found in which there are complex relationships between precipitation and earthquakes,
in the time, place and mechanisms of the landslide development.

The main risk of landslides and mud flows caused by the Pamir-Hindu Kush earthquakes is in the
suddenness of their formation, and it is very difficult to predict their place and time. As a result, it is
suggested that agencies devote more attention and resources to early detection, warning, and loss
prevention of landslide hazards associated with Pamir-Hindu Kush earthquakes [5].

Landslides are one of the most damaging collateral hazards associated with earthquakes. In fact,
damage from triggered landslides and other ground failures has sometimes exceeded damage directly
related to strong shaking and fault rupture. Seismically triggered landslides damage and destroy homes
and other structures, block roads, sever pipelines and other utility lifelines, and block stream drainages.
Predicting where and in what shaking conditions earthquakes are likely to trigger landslides is a key
element in regional seismic hazard assessment.
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Factors contributing to slope failure at a specific site are generally complex and difficult to assess
with confidence; therefore, regional analysis of a large group of landslides triggered in a well-documented
earthquakes is useful in estimating general conditions related to failure.

Landslides can occur during an earthquake where shaking reduces the strength of the slope. A
preliminary comparative analysis of the synchronicity in time of deep foci Pamir — Hindu Kush
earthquakes and the dates of formation of large landslides in the period from 1969 to 2017 showed that
more than 100 cases of landslides formed in the south of Kyrgyzstan, Uzbekistan and Tajikistan. These
earthquakes in the Central Asia territory induced low-frequency (1-5 Hz) prolonged (2-3 min) ground
motions and in the spring time on the moist slopes causes processes of compaction, liquefaction and
displacement of loess soils. Complex relationship of two spatial factors — precipitation and earthquake to
origin time, place and mechanism of landslides, occurred in last years in Central Asia, are presented in
examples. Seismically generated landslides usually do not differ in their morphology and internal pro-
cesses from those generated under non-seismic conditions. However, they tend to be more widespread and
sudden. Thus, even a small earthquake, although its consequences are not considered by building codes,
can lead to adverse effects and have catastrophic consequences. A relatively modest Gissar earthquake of
1989 with the magnitude of M=5.5 triggered the liquefaction of loess soils resulting in landslides and a
huge (3.5 km) debris-flow on a slope with the gradient of only 5-6°. This led to 274 human casualties [5].

The analysis of a specific site generally usually requires a probabilistic approach, but a deterministic
check on the resulting decision is appropriate. Generally many tectonic faults and unidentified seismic
sources contribute to the seismic hazard and risk at a site, and the integration of these through a
probabilistic analysis provides the most insight.

These phenomena can lead to changing of earthquake hazard assessment results and constitutes a
major portion of the seismic risk to the structures. Sometimes it required reconsideration of seismic zoning
maps for providing seismic safety of constructions.

A complex of geophysical work was carried out to study the structure of the site, to identify
waterlogged zones, and the propagation velocities of longitudinal and transverse waves were determined.
Seismometric measurements were carried out with digital seismic station CMG-6TD, manufactured by
Guralp. We determined the frequency of oscillations (F0), the ratio of the horizontal to vertical spectra
(HVSP) and seismic liquefaction factor (Kg) in 7 landslide sections at 60 points.

Microseismic measurements on 7 landslide sites by Nakamura method [4] showed the dominant
frequency characteristics 1.5-2.5Hz, which coincide with the dominant frequency characteristics of deep-
focus Hindu Kush earthquakes (Table 1). The exception is the landslide Old Station, where the frequency
characteristics do not match, because the thickness of the dislocating layer of this landslide is more than
100 m.

Table 1
Year Date M T,sec f.hz Site H,m Volume, m’ f,Hz
1995 16.05 5.9 130 1.3-2.4 Naugarzan 30 20 min. 1.7
2011 21.03 5.8 120 1.5-2.5 Old station 100 120 mln. 1.1
2012 23.03 4.4 120 1.5-2.5 Altynbel 20-24 1.8 min. 1.9
2013 04.04 5.4 150 1.5 Parkent 20-22 250 thous. 1.45
2016 17.01 5.0 130 1.3-2.5 Karagli 18-23 1.8 min. -
2017 17.04 5.1 120 1.8 Dovut 5-8 4.5 min. -
2018 24.03 5.1 95 2.1 Achiyak 17-22 86 thous. 2.2-2.5

The mechanism of displacement of landslides during earthquakes is characterized by almost simulta-
neous deformation of rocks throughout the landslide area. Liquefaction of soils occurs in thin layers inside
the massif or the entire mass, with the simultaneous appearance of a large amount of water on the area of
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the landslide. At some sites, the first signs are temporary springs, cracks, and settling of the ground surface
above cavities, i.e. there is first a vertical deformation, which disrupts the movement of groundwater.
Then, there is subsurface erosion, the water issuing from springs becomes turbid, and within 5-10 days
flows occur. Under the influence of low-frequency, long-term seismic vibrations, landslides such as block
slides, liquefaction and mud flows are generated. For extrusion types of landslides, the beginning of their
formation is always associated with a seismic impact. These are deep, long, large-scale landslides with
bulging ridges in the floodplains of gullies and a graben-like wall of separation at the top of the slope.
They are formed in old and ancient landslide hollows. All investigated in this paper landslides are charac-
terized by a one-time simultaneous displacement, occurred at dominant frequency of earthquakes vib-
rations 1.5-2.5 Hz and duration nearly 180 s.

Modeling of flow-like landslides is one of the possible approaches that can be used to simulate
landslide instability and flow development. Large landslides often assume a complex behaviour showing a
continuum passage from sliding to flowing. Numerical simulations can be used to assess and comprehend
the flow behaviour of flow-like landslides. These models can also predict landslide runout and runup to
perform an hazard zonation.The landslide Khandiza in South Uzbekistan is located close to village
Khandiza. The beginning of the landslide movement was recorded on March 31, 2017, when mudflow
with volume of 1.8 million m® occurred. During 22 hours the mass of loess soil with a height of 3 to 5 m
moved for a distance of 110 m. 257 persons living in the expected hazard zone (66 houses) were
temporarily evacuated. Within the next 3 days (April 3) the landslide moved for a distance of 230 m, with
heights up to 10m, destroying a school building. Within another 3 days (April 6) the landslide reached the
river and covered half of it‘s bed. The landslide soil was partially washed away by the the main river and
was moved by excavators in order to prevent the full blocking of the river bed. The overall runout of the
mudflow within 18 days was 2200 m.

Khandiza 2017 mud flow events in Uzbekistan was back calculated with RAMMS: HillSlope simu-
lation tools[1]. These results are based on the assumption that the entire landslide fails instantaneously and
not progressively as a sequence of smaller landslides with barriers over a longer period of time, so pre-
dicted the trajectories, runout distances, but not the velocities of such processes (Fig.1).

Fig. 1. Best-fit results of the mudflow event Khandiza, smulated with RAMMS: HillSlope.

Generally the runout prediction of simulation model for the Khandiza mud flow event show plausible
result as compared to the observed deposition zones. These vital output parameters can be used to provide
insight of the event and extent of run out zone of future potential flows. However, more case studies have
to be conducted to develop a more comprehensive recommendation for modeling the runout of mud flows
in natural terrain.
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SUBSURFACE MONITORING OF NEAR-SURFACE BURIAL SITES/ STORAGESIN
SEISMICALLY ACTIVE TERRITORIES

Odilavadze D., Ghlonti N., Tarkhan-Mouravi A.

Summary: Monitoring of toxic or radioactive burial sites/ storages allows to detect signs of violation of the struc-
tural integrity of underground storages and to identify the possibility of their negative impact on the environment. In
this case, we used a powerful geophysical method, such as GPR, which is a non-invasive method for monitoring
underground structures including burials / storages. In Eastern Georgia, the GPR method using Zond 12e georadar
was used to monitor the burial / storage of environmental pollutants in order to identify part of underground struc-
tures. Due to the conclusion of GPR monitoring, the risk of environmental pollution was reduced after the corres-
ponding repair work on the burial / storage site.

Key words: Pollutant burial ground / storage, Georadar (GPR) monitoring with the Zond 12e.
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LABORATORY MODEL OF SELF-ORGANIZED CRITICALITY
PARAMETRIC MODULATION AND THE RESULTS
OF EXPERIMENTSFOR APPLICATIONSIN SEISMOLOGY

*Oragvelidze M., *Gheonjian L., “Paatashvili T.

* [vane Javakhishvili Thilisi State University, Thilisi, Georgia
** Abastumani Astrophysical Observatory of [lia Sate University, Thilisi, Georgia

Summary: The paper represents the laboratory model of self-organized criticality parametric modulation for
applications in seismology. The main characteristics of the Earth's seismic process show that earthquakes should be
attributed to phenomena of self-organizing criticality. In accordance with this representation, an earthquake, or the
energy discharge of fault, is an unpredictable phenomenon determined by entire system development. But periodic
tension modulation can synchronize the triggering moments and change the behavior of system near the critical
state. Earthquake statistics of Caucasus demonstrates such changes caused by tidal periodicities and indicates the
existence of a class of natural phenomena of self-organized criticality with parametric modulation of criticality
conditions. This class of phenomena was investigated and its existence was confirmed on the laboratory model by the
use of sand avalanches in cylinder with modulated rotation. This model can serve as a basis for creating an idea of
partial predictability of self-criticality. We represent the model and the results of criticality parametric modulation
experiments.

Key words — self-organized criticality model; parametric modulation; critical state laboratory experiment.

1. INTRODUCTION

In the Caucasus we have all physical conditions for the existence of self-organizing criticality pro-
cesses [1]. Also, the important factor determining the dynamics of this system is constant stress caused by
tectonic plates; the variable tension caused by Earth luni-solar solid tide and revealed earthquakes tidal
triggering synchronization mechanism [2]. The region represents a system of connected, continuously
charging and changing their physical states “faults-relaxators”. The discharge of each fault-relaxator we
observe as an earthquake. The power and time of discharges is determined by the evolution of the entire
system, proceeds in accordance with the laws of self-organizing criticality, which in principle excludes
predictability. However, tidal, or other external excitement can synchronize the time moments of discharges
[2] and provide conditions for predictability. In general, external factors time behavior can be calculated or
may be known.

The simple model is used to describe the principles of used triggering synchronisation approach. The
stress P(t) increases monotonically as time function, with constants Py — initial stress in start moment to,
and the stress rise velocity b. If the process undergo the influence of external variable stress with ampli-
tude, frequency and phase, correspondingly a, @ and f , the resulting stress and the stress limit P, , which

determines the discharge time moment are connected by equation
P, +b(t—-t,)+acos(@+ f)=PR,.
The process is described more clearly, if we represent the equation in the form

b(t—ty) =Py — Py —acos(@t + )
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The solutions of equations for relaxators with different start moments to correspond to discharge
moments. If one represents both parts of the equation graphically, the intersection of the graphs will corre-
spond to the instants of the discharge time. Figure 1 demonstrates the process: inclined lines (3) corres-
pond to a set of charge processes with different to, sinusoid (1) — to variable external stress, horizontal line
(2) — to stress limit. Solutions — discharge time moments, obviously reveal time “gaps” (4), or — time inter-
vals when discharges are “forbidden” and critical, discharge time interval (5). Figure also demonstrates
that the width of the time gap depends on the coefficient b — stress growth velocity.

This known approach underlies the nature of synchronization of the variety of technical devices. We
found similar mechanism it in the synchronization of earthquakes [2], in phenomena belonging to the class
of self-organizing criticality [1]. The model will help to take a fresh look at the predictability of self-
organized processes and substantiate our and many other research projects.

Fig. 1. External synchronization of relaxator by
quasi periodic modulation factor (1) of stress near
the breaking limit value of charge process (2). Each
relaxator (3) may exist and be charged inside time
interval (4), and discharged in time interval (5).

2. THE MODEL

The model and the laboratory device should be
as simple as the models and experiments of self-orga-
nizing criticality. Granular structures, in particular
sea or river sand, are considered as the main working

Fig 1. substances of experiments [3-9]. In some experiments,

the criticality was studied with the help of a granular

structure placed in a rotating cylinder [6-9]. This approach is acceptable for us — modulation of critical state
can be carried out by modulating cylinder rotation speed.

Prepared

Rotation Modulation, avalanche

/ e
o

Load forces Load forces Load forces

Fig. 2. Sand avalanche laboratory mode for self-organized criticality parametric modulation study.

Fig. 2 represents our model and experiment. Left picture corresponds to calm state of sand; load sen-
sors signals difference increases with rotation and is modulated by a variable speed of rotation. Central
picture corresponds to the sand reached critical state; load forces difference corresponds to experiment start
and time series minimum value. Right picture corresponds to self-organized criticality state — the avalanche
grows and prepares for destruction; load forces difference reflects the growth process and avalanche mass.

Fig. 3 represents the example of experiment time series without rotation modulation. Sand avalanches
are discharges of different weights sand relaxators. Their distribution form corresponds to self-organized
criticality and distribution characteristic to earthquake Gutenberg-Richter law — Fig. 4.
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synchronization mechanism existence.

In our experiment, the cylinder with sand has the diameter equal to 190mm. His thickness is equal to
50 mm. The sand mass is 600 gram. To perform the rotation, cylinder has 215 mm diameter wheel with
friction coupling with stepper motor. The contact is made by means of a two rubber rings on an axis of the
motor. Rings are in contact with the surface of the wheel. The modulation of rotation is obtained by using
two friction rings. Friction rollers interfere with each other — their equal angular velocities set by the stepper
motor, cannot provide rotation with different linear velocities corresponding to radii R1 and R2, see Figure
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7. Their elasticity modulates the magnitude of the step of transmitted motion, correspondingly, the rate of
approach to the critical state. The stepper motor rotates with velocity 1 step per 12 seconds. In the
experiment modification without modulation, one revolution of the cylinder takes place in 6 hours. Using
two friction rings, we obtained a modulation period of 9 hours, which is represented in Figure 5. Their
distribution form still corresponds to self-organized criticality and the distribution characteristic for the
earthquake is again the Gutenberg-Richter law — Figure 6.

In this modification of experiment, one can obviously see the existence of avalanche triggering syn-
chronization mechanism. The process represented in Figure 8 is in full accordance with concept represented
in Figure 1.

3. CONCLUSIONS

The experiment indicates the existence of a class of phenomena of self-organized criticality with
parametric modulation of criticality conditions. Our laboratory model clearly demonstrates the existence of
a specific class of phenomena of self-organizing criticality whose behavior can be partly predicted if the
phenomenon of modulation exists and if the frequency of modulation of the physical variable responsible
for the critical state is known.

The synchronization and triggering factor was not taken into account earlier in the study of self-organi-
zed criticality dynamics. It should be noted that the problem of synchronization of triggering was considered
in the study of stick- slip problems [10], which also should be attributed to the tasks of self-organization.
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Assessment of the natur e of mudflow hazardsin the Lower Svaneti region And
identifying its spreading zones

Kherkheulidze G.

Summary: The report describes the information about Mudflows conditions and factors in the River Tskhenistskali
and its tributaries Basin region, which was systematized and presented according to a special methodology
developed by the Institute of Hydrometeorology of Georgia, including: catalog containing detailed information
about mudflow rivers and their pools (including the maximum flow forecast), and five category divided mudflow
Hazard distribution zones of Kvemo Svaneti in the form of a map.

Key words: Kvemo Svaneti, mudflow hazard, accounting, distribution zones.
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INITIAL ESTIMATION OF MUDFLOW SITUATION IN THE PONDS OF RIVERS AND
THE EXPECTED TRENDS OF THEIR SUBSEQUENT DEVELOPMENT

Kherkheulidze G.

Summary: The possible (supposed) schemes for the further development of the mudflow situation that was fixed in
the mudflow basin at the beginning of the mudflow season (taking into account the climatic conditions of the
previous period) are analyzed. The forecast of possible development scenarios is given on the basis of a parametric
analysis of the forecast formula and on the basis of a phenomenological analysis of mudflows described in print
media. It is noted that the actual implementation of the forecast requires constant refinement source information in
monitoring mode.

Key words: mudflow phenomena, trend of devel opment.
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s R=100 8%/68-056 momddob R=150 8°68-8g Go(3 3gbadmgdgmoas 358mBsgammo agmb 8gnb-
396 mo LaDOEMME0L s Jobobdzgds Rodmbawgbol do@qdoo.
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©0EY 58 3gMommabsmgal Gmmos Ra,=19.5 8%/68 (16.5%) @960l gsdmygbgdom 8gobgsmamo
Rodmbogbol LagoMonmm 360d3bgmmded dgopanbs: Rg,=14.3 3168 (12%).
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ASSESSMENT OF THE RIVER ENGURI RUN OFF DYNAMICSDURING SUMMER
Tsintsadze T., Grigolia G., Gorgijanidze S., Tsintsadze N.

Summary: The article provides mathematical model for changing and calculating glacial nutrition rivers runoff
(warm period) related to climate change, estimating based on climatic conditions (precipitation, air temperature
and total discharge), as well as analyzing basin K — discharge coefficient.

Key words: Climate change, glacier runoff, runoff coefficient.
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35 5 396 obg3s. Jgmgas IMbammmbgmas doma godmmds, dgd(30Mgds 3nbabgzqgds bymal
©mbggdn o dgbadadabaw dnbofmgmes hadmbowgbaz. 1339 dmgm Mg Mgaombgddo 5nbndbgds
Bymab 363539 ©gB0(3080, o3 9x3gMbgdL dgu@mbgmdol dogmo Mogn oMmgagdal gobgomamgdsl,
a6bo3nmmMgdom Labmgmm-bsdgnMbgm FMmEYAgdol dmbogmosbmdal. s30b godm Lawemgo-
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35DMs3 godmabgns 3og0b goddMmamgds o ggommggdals gobdomgds, Moz aobodnmmdgdl dnbs-
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70



30l Bo3mgdmdol godm Fomomons go@adbmgdal semdsmmds, Mo o badndmmgdsl ¢Jdbal
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CHALLENGESOF EXPECTED LOW WATER LEVELSON THE RIVERS
OF EAST GEORGIA AND THE WAYS OF OVERCOMING THEM

Basilashvili Ts. Z.

Summary: In consequence of climate warming, temperature rises, increase in evaporation and decrease in
atmospheric precipitation and in the river water flows are anticipated in Eastern Georgia. Prevention and slowing
down of the process of desertion will be far more costly and difficult in the aftermath. Due to the fact that economic
crisis and rampant unemployment in Georgia leads the population to find sustenance in the produce grown on the
farmlands, the plots of their lands should be regularly irrigated. However, the low water levels are not the only
problem; the irrigation channels built here are depreciated, which leads to significant water losses. Keeping it in
mind, with a view to mitigating anticipated negative consequences, a complex of adaptive measures has been
developed, the implementation of which will ensure slowing down or preventing of the desertion process, safety of
the environment, increase in crops and harvest and improving economic well-being of the population here.

Key words: droughts, forest, water resources.
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CHANGEABILITY OF THE ATMOSPHERIC PRECIPITATIONS
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Summary: The results of statistical analysis of data on monthly precipitation for five points of Kakheti — Telavi,
Sagaregjo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi are presented. The study period from 1956 to 2015. In
particular, it was found that during the indicated period of time in various months of the year in Kakheti at different
points the variability of precipitation is quite heterogeneous. So, in 1986-2015, compared with 1956-1985, the regime of
precipitation in Kvareli did not change; in Telavi, in the second period of time compared to the first, the monthly
precipitation decreased in June and July, and increased in October; in Sagarejo —a decrease in precipitation from June
to August and an increase in October; in Gurjaani and Dedoplstskaro —a decrease in rainfall in June; in Lagodekhi an
increase in October and November. The results of the study may be useful for planning works on artificial precipitation.

Key Words: Regional climate change, atmospheric precipitations

Introduction. In Georgia, as in other countries, to studies of atmospheric precipitations was always given
important attention. So, study of the precipitation climatology, their statistical structure and distribution on
the territory of Georgia were carried out in the works [1-4]. Analyses of statistical structure of spring-
summer precipitation for 18 locations of Eastern Georgia was carried out in [5]. A study of lasting varia-
tions and expected changeability of atmospheric precipitations in the future, in particular, they are carried
out in the works [6-9]. Information about influence of heavy rains on flash flood hazard in Georgia in [10,
11] are presented.

In this work, which presents the continuation of the foregoing studies, some results of the changeability
of monthly sum of atmospheric precipitation in five location of Kakheti in 1956-2015 6 are represented.

Study area, material and methods. Study area is Kakheti region of Georgia. Data of the Hydrometeoro-
logical department of Georgia about monthly sum of precipitation in five locations of Kakheti (Telavi,
Sagarejo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi) in 1956-2015 are used.

The standard statistical methods are used. The following designations will be used below: Mean —
average value of precipitations for 1956-2015; I — average value for 1956-1985 (first period of time); II —
average value for 1986-2015 (second period of time); R* — coefficient of determination; o— the two-sided
level of significance. Missing observational data using standard methods were recovered. Comparison of
mean values of precipitations in two periods of time was produced with the use of Student's criterion with
the level of significance not worse than 0.15

Results and discussion. Results in Fig. 1-4 and Table clearly are presented.

In Fig. 1-4 the graphs of linear trends of monthly sum of atmospheric precipitation in Telavi,
Sagarejo, Dedoplistskaro and Lagodekhi in 1956-2015 are presented. In Kvareli the trend of precipitations
is absent.
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In Table the difference between monthly sum of atmospheric precipitation in 1986-2015 and 1956-
1985 for five locations of Kakheti is presented.
Table
Difference between Monthly Sum of Atmospheric Precipitation
in 1986-2015 and 1956-1985 for Five Locations of Kakheti (mm)

Month Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug | Sep ‘ Oct ‘ Nov ‘ Dec
Loc. Telavi
M ean 27.1 349 | 504 | 833 | 1163 | 111.0 | 69.9 71.3 66.9 602 | 43.6 | 29.7
(-0 0.6 -0.5 -0.3 9.1 9.8 -23.8 | -15.6 | -4.0 -1.6 14.0 6.8 2.4
a No No No No No 0.10 0.2 No No 0.15 No No
Loc. Sagarego
Mean 29.4 389 | 589 | 92.1 | 106.5 | 97.6 68.1 59.6 65.6 71.7 | 458 | 295
(-0 -5.7 -5.9 9.1 3.0 -6.9 | -21.6 | -26.3 | -18.0 | -9.1 19.3 4.6 24

a No No No No No 0.10 0.05 0.15 No 0.05 No No
Loc. Kvareli
Mean 37.9 49.1 73.0 | 1024 | 1299 | 118.8 | 87.8 91.4 97.9 85.1 57.4 | 40.1
(- 3.0 -1.7 -6.8 -3.6 158 | -144 | -17.6 5.6 -16.3 15.5 6.2 3.6
a No No No No No No No No No No No No
Loc. Gurjaani

Mean 31.0 40.7 | 61.7 88.4 | 1144 | 91.7 73.0 67.9 71.0 71.0 47.6 | 30.7
(- 4.4 0.0 -5.5 8.4 159 | -21.8 | -13.8 | -11.0 -0.1 8.4 5.6 2.5

a No No No No No 0.07 No No No No No No
Loc. Dedoplistskaro
Mean 27.4 30.6 | 44.6 65.4 89.8 89.7 51.8 42.0 50.7 533 33.7 | 233
(- 10.0 2.8 -1.6 43 7.8 -30.1 -4.3 -6.0 9.0 6.3 6.8 -0.6

a No No No No No 0.05 No No No No No No
Loc. L agodekhi
Mean 42.6 53.4 81.9 | 110.6 | 132.6 | 121.9 | 103.0 | 100.1 | 111.7 | 106.0 | 72.1 | 42.5
(- 7.9 10.2 8.7 18.4 11.7 -1.3 12.2 26.3 11.6 24.2 18.1 9.6

a No No No No No No No No No 0.07 0.07 No

As follows from these Fig. and Table in 1986-2015, compared with 1956-1985, the regime of
precipitation in Kvareli did not change (no trend); in Telavi, in the second period of time compared to the
first, the monthly precipitation decreased in June and July (negative trends), and increased in October
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(positive trend); in Sagarejo — a decrease in precipitation from June to August (negative trends) and an
increase in October (positive trend); in Gurjaani and Dedoplstskaro — a decrease in rainfall in June
(negative trends); in Lagodekhi an increase in October and November (positive trends).

Conclusion. In Kakheti in the summer months is noted the tendency of the decrease of precipitations that
negative influences to the state of agricultural crops. In our view it is expedient to examine a question of
an artificial increase of precipitations by active actions on the clouds with using anti-hail service potential
[12].
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bL33PILL3S 1LYFNEN VS 36BILOGMBID( FIGIMEGMDMBNIGN 3M3IGNL
JGNOMMITCN GHId0BI6006 LOMISLONZIG0 3GMBILOL IMPOIT0EHId

*9mab33M5330ma 3., *FgmaDd3M33z0ma 3., *FgmaDdsMmdgzama 3.

*05069 xo35b0d30m0b bob. mdoemobob bobgemdbogm mboggmbodgdn, mdoemobo, bogemamggemm
*bogorozgemb §a94603m9M0 Mb039mbodgG0b Jommdgdgmmmemgonl 0bb@n@mdn, cdoemobo, bogs@mamzgem

3bm@s(305: bomdmmaggbocemos bsdndo s joGobBHEmeymemo dg8gmEmemmana@o dmgemgbgdol G oG m-
@m0 6 90m0ds(300b dmogemogdol 3mb(3993(300. 8obboeemos dmogemom gdolb MHodmogbody 3060568 0.

bs3396dm bo@Byzgdo: 308obBHMRemo d98gmmmenmgonmo dmgemgbs, bGmdob@ngaein 3Gm39bn, dmwyg-
™0 930.

Lodndo, o6 3o@OLEGMMBYmO g@gmEmmmao®a Imgmagbgdal, MmImgday 9Msbgmabs-
356 odmM3000989mbo 50sb, BoM3mJdbal Ggabagy® 3Gm(39LL LEMJsbEoznMa babosma og3b,
530@m3 ob dgadmgds gobbomaye 0gbsl, Gmam(y dgdmbgggomo 3Mm39L0 smdsmnmdal mgmo-
530 (3bmdoemo mgm@93gd0l bogndzgmdy [2].

LEMIoLEG 3oL doMomsn ©EgdPMgdgdol Mobo(3ds OdMY nEgdgm dmgmagboms ApA,,
As.... An, 3m33mgqbol smdosmmds dgadmgds godmogmoarn 0dbsl smdsmmdoms godmagmgdals
0 gmE980L msebabdaw [1]:

P (]'L[. A, ) ]-[. PiA;]

bommm mogbgdon 3mgmgbgdals gobbm@(30gmgdol smdocmmds gobabodmzMgds smdscmmds-
»o d936950L mgm@gdoom,

P(TA) =Y P (Ai) =3 P (AIA)) + 3 P(AIAJA K ) —... + (<1)"'P(A1 As... An),

bowos P(A ij k)— o60b A ij k=3mgmgboms smdocmds, ijk =1,2,3, ...n.

A dmgmgbols gobbm&(309mgdobalb, Hm3gma Abpgds Mm3gmadg Hi, Ho, Ha,...HN, 3mgmg-
bobmab gMmom, Hm3gmag Jdbol dmgmgbsms LEm ganab, HK —3mgmgbals sbama smmdscmm-
4900 godmomgmgds d50gbol gmMIymom:

PiH| A) = ,_:,P‘:H&"PE'{I Hi) .
3 P{H;P{A| H;)
i=l

3074350 A ©d B 3mgmgbs dgadmagds bomdmnddbal gom33gmmo 30Mmdgdal dgb&memagdobsl
5 3943650 Mmngo dgnmegbgdgmo dmgmagbasms bBmmo bobdgds:

(AB), (AB), (A_B), (A_B_).

30M39em0 Jomngobo 60dbogl, Mm3 bomdmndgs mMogg Imgmgbs. dgmg 60dbagl, Hm3 Bomdm-
09335 A dmgmgbs s o6 BoM3madgs B 3mgmabs o .3.
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09) (36mdoemos Imzmgboms semdommdgdo P(A) s P(B), 35906 god8Ma3mgdal ogm&gdol
mobobdo:
P(AB)= P(A) P(B
P(AB_)= P(A) — P(AB)
P(A_B)= P(B) — P(AB)
P(A_B_)=1-{ P(AB)+ P(AB_)+ P(A_B)}

09 30 asbbmMzogmes Momdg H dmgmgbs, Gmdgmoi mogbgdowos (AB) Lob@gdal
90mgfm  dmgmgbobomsb donb(z, 85306 dsogbol cmgmMgdol mobobdow  sbomo  ommdomo
3do0mMdgda g560LsdM3Mgds FMMIMmoo:

P{(AB)i[H}= {P (AB)i P(H| (ABi))}/ 5{ P (AB)i+ P(H| (ABi))}.

Bom3meagbomn gmmMdnmagdol g0dmygbgdom asbgabomma dmegmydo godmmgmgdals Mo-
dm©9bndg 3oM0sb@o:

bamggdgdo—dmoagma JoMa. 3bGnmdn 1 bomdmeoagbomos Bamgdgdol s dmogHo Jofal
(158/63 s 3g@0n) ghomdmngn Ggomadszonl smmdosmmdgdal Bemon@a bgms asbbbgeggdeym
30b03nM-agmaMogom d0mmdgdda [3,4].

bGoeo 1. bomgdgdol @s demagHo Jofal gBmmdAngo Ggsmodsgoal semdsmmdgda, %

doomds | 36480 (bodsmes) 239000

sewdoormds | I9bdde (bedore) T T T T T T T S s | 7 1 s | 9 | 10| 1] 12
Lbod@MgEns(28) 5 4 6 4 2 08 | 04 | 038 2 3 3

P(AB) | od0omalo(403) 16 | 1.6 3 2.8 3 2 12 108 | 12|12 08 1
Boo—bodagon(1242) | 21 | 21 | 23 | 21 | 21 17 | 15 18 18 | 20 | 18 18
LodGMgR0s(28) 51 48 | 53 | 48 | 44 | 41 41 38 | 43 | 44 | 43 51

P(A+B) | od0omalo(403) 28 | 28 | 37 | 44 | 53 | 43 | 33 | 29 | 33 | 33 | 29 | 28
Boo—bodmgon(1242) | 73 | 72 | 75 | 72 | 73 | 70 | 65 | 66 | 68 | 70 | 66 | 68
L3 BMHYR0s(28) 50 | 44 50 | 44 | 40 | 40 | 40 | 40 | 40 | 43 37 | 42

P(A|B) |®d0mobo(403) 23 | 26 | 30 | 40 | 50 | 40 | 30 | 26 | 30 | 40 | 26 | 20
Boo—bodmgon(1242) | 54 | 54 | 55 | 50 | 54 | 57 | 47 | 46 | 42 | 48 | 43 | 47

3660m0Esb 353m3nbofMgmdl, MmI s0bodbyma 3m33mgJLol smdsmmds 36nd3zbgmmabaw
3980 3madn ©d 3Mmmbgmal Esdmmddg s bo3mgdos smdmbagmgm bojsMmggmmb dofmda. sdo-
39 ©OML 3mbgmolb edmmdobomzgol YoEabo smbdscmds sdsbsbnsmgdgmos bsdmMabs o
30bogbymol abobynbobomgal, smdmbagmgo LadoMmgzggmmb domabomgolb — gobagbamabe
5 bagbymal ©sbsbyobobomgal, bmmm 3mgddo dogmo Bmob aobdsgmmdsdn domamos o
658009650039 3egdmmmdl 0gmabosb byd@gddmal homgmoao.
1. 3983b@FAmgnmo IgGgmedmemmaonma dmgmgbgda. (3bGomdo 2 BamMdmmagbomos Dmang-
00 33@dbGOHMB o Imzmgbal gMmEMHmMmo Mgomadsznol semdsmmdgdo.

3bGoma 2. 3080LEOHMAMmo 3G gmEBmmmannfn dmamabgdol
9ROEOHMMmo Maomodazonlb smdsmmdgda. (%)

R50-HU R50-Fd Hu- Fd B-Fd
fs0mbo P(AB) | P(A+B) | P(AB) | P(aA+B) | P(AB) | P(A+B) | P(AB) | P(A+B)
Jomorsnbo 0.004 1.4 0.006 2 0.02 2.6 0.002 17
odomabo 0.001 11 0.002 17 0.0002 13 0.0008 16
8580bmbob yeo. 0 0.9 0 44 0.4 45 10 68
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o RS0 3089b@Mmagmmo bomgdqdns, BmEgbsz 8smo mgmeda®o xodo smgdsdgds 50 38-L
[7], Hu — gGogsmato Jotros [5], ®m3moal LoRdstags omgds@gds 323/63—L, Fd —bsdnda Babemons,
mEabsg bomgamdal 5Mg o6 omgds@gds 903-b [8], B — Jomdyydos [6]. Gmamts (3bomnoasb
Robl Bomdmmagbomo  3g@gmEmmmann@n  3m33mgdLgdosb  3mmbgmol dsMdn  yzgmody
SdoYM0d gMngdsmmafn Jomo — badodo boba (HU- Fd), s0dmbogmgom bojstomggmmb dofmdn —
39&oLEOMGFMma bamgdgdo — aMogsmy@o Jocn (R50-HU), bmem 30330b0mbbg — Jodmdmdo —
bodndo bobemo (B- Fd).

2. 3583b@MAmgnm IgGgmmmmamym dmzmgbsms bEyma bab@gds. bGomdn 3 bomdme-
3960m0s bmgogHomo 398sbGMMPMma s badndn 3gGgmEmmmann®o dmzmabol gMomoGOMMmo
950 dd(300L Lbgsabbgs 3m3dabs30gdal smdsmmdgdo.

Gbﬁm@o 3. %maoa({)mo do@)ob@)ﬁm%‘g@n 5 bodndo Bgéamﬁmqmman‘ah/m 8m3@360b aﬁ)mggﬁ)m‘ggm
Mgomadaz00b bbgemabbgs 3m3dnbs30980b smdsmmdgda (%) 3580bmbob mmam @ gborm by

3M3d0bs(300 R50-Hu R50-Fd Ha—Hu Ha- Fd Hu- Fd B- Fd

P(AB) 0 0 0.1 1 0.4 10

P(AB)) 0 0 2.1 1.2 0.5 13.8
P(A_B) 0.9 44 0.8 42.8 434 33.8
P(A_B) 99.1 56 97 55 55.7 42.4

o Ha ool Lg@yzs, obomhgbo smbndgbgdo (36mdamas. Gmami (sbGommo 3-sb Rsbl
9nEOMMmo Mgomods300b yggmadg domama smdasmmds (10%) 3gqbadadgds 3m383mgdbl Jom-
dmdo — badndo babemo (B- Fd), Go3 magobomago domnsb bobogsmm 8mgmgbss. 14%-8g smmde-
0mdom dmbammEbgmos 3bmmme Jotdgdo (B), bmmm 34%-3g smdscmdoo dmbammubgmans
bodndo bobema (Fd ).

3. L33336bMInmgdnsba 3MI3mgdLgda. 65b.1-bg boMmImoagbomons JoMmdmdalb s babenals
90EOMmo Mgomads(300b dmdscmdgdol brmonMo Lgms Mgomu® 3oMmdgddo ©s dmogMo
Joal dg8mbgzgzedn 39339L0mMBAL doamBmnsb Dmbadn, d50gLob MMl Mebsbdsc.

bob.1-g BoMdmma gbnmons Jotdmdol s bobmal gMmo®mmma Mgsmadsznol sendscmmdgdol Bemagmn bams
Mgoma 306mdgdda P(BF) s demogo dofal 3g3mbggzeda P{(BF)i|W}:. 1- 3530bmbab qe.,, 2-4sddgan

6ob.1-056 BobL, B3 demngfn Jool dgdmbggzeda Jomdmdob o Bobmob gMmoMmema
950 dd(300L demdommds 36n0d3bgmmgbom nbHYds. dogomomam 3s80bmbolb YmgmEgbomby
3omBob m39d0 smdommds gondofms 35-ob 92%-3wy. omdocmmdgdol  asblbsmmcgdom
3603369mmzo60 BM@s 5nbndbgds 93M0moEsb mg@mIdMalb homgmom. LEmGgo gb 3gMomeo
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boboosmegds  Jomalb dgbabBgdom. 83o@md Jombgoogem cmzmolb bLogsmob ombgdmdody

domomIm0sb dBmbadn, 83 3gHomeda Jomda ol smdscmmds d0bndsmm@ns. Jomal godmngfmgdal
dgdmbggzado 30 BomImnddbgds JoMdmdol assd@ommgdobomgal bgmboyMgmo 3oMmdgda, o
s0babgds dmegmomgdol dgogagddg (6sb.1).
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MODELING OF THE STOCHASTIC PROCESS OF JOINT

IMPLEMENTATION OF VARIOUS DANGEROUSAND CATASTROPHIC

METEOROLOGICAL PHENOMENA
Elizbarashvili M .E., Elizbarashvili E.Sh, Elizbarashvili Sh. E.

Summary: The concept of modeling the joint implementation of hazardous and catastrophic meteorological pheno-
mena is presented. Several modeling options are considered.
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TBILISI AIR TEMPERATURE FLUCTUATIONS AGAINST THE BACKGROUND OF
GLOBAL CLIMATE CHANGE

Kapanadze N., Mkurnalidzel.

Summary: The mean annual air temperature variability in Thilisi from 1881 till present has been analyzed in pre-
sented article. By comparision of deviations of (1906-2005) Thilisi ten-year average temperature with corresponding
Asia, Europe and global ones, the anomalies of mean annual temperature are revealed. The air temperature growth
trend in Thilisi has been established and adaptation measures are proposed toward possible climate change.

Key words: temperature variability, global warming, climate change.
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CHANGEABILITY OF AIR TEMPERATURE AND ATMOSPHERIC
PRECIPITATIONSIN TBILISI FOR 175 YEARS

Amiranashvili A.

Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thiliss State University, Thilisi, Georgia
avtandilamiranashvili@gmail.com

Summary: A statistical analysis of data on monthly and seasonal values of air temperature and precipitation in
Thilisi from 1844 to 2018 was carried out. Trends of air temperature and precipitation in three period of year (year,
cold and warm seasons) for 175 year observations is study. Comparison of monthly and seasonal mean values of air
temperature and precipitations in two thirty years of time (1844-1873 and 1989-2018) was carried out. In particular,
it was found that in the indicated periods of time there is a significance increase in air temperature for all months of
the year, except May and November. As for precipitation, their growth is observed in October and November, and a
decrease in July and September.

Key Words: Climate change, air temperature, atmospheric precipitations.

I ntroduction

In recent years the problem of observed and expected climate change on our planet acquired special
urgency [1]. This problem has high importance in Georgia, because of the variety of climatic regions in its
territory [2, 3]. In our last studies with the use of different statistical models the statistical structure and
estimations of the expected changes of air temperature [3-10] and atmospheric precipitations [5, 11-16] for
the next decades for some regions of Georgia, including Thilisi city, were carried out.

In Thilisi regular meteorological observations were begun into 1844. In this work standard statistical
analysis of changeability of air temperature and atmospheric precipitations in Tbilisi in 1844-2018 is
carried out.

Material and methods

Data of the Hydrometeorological department of Georgia about monthly mean air temperature and
monthly sum of precipitation in Tbilisi in the period from 1844 to 2018 are used. The standard statistical
methods are used. The following designations will be used below: Mean — average values; Min — minimal
values; Max — maximal values; St Dev — standard deviation; R* — coefficient of determination; T — air
temperature, °C; P — sum of precipitation, mm. Missing observational data using standard methods were
recovered. Comparison of mean values of air temperature and precipitations in two thirty years of time
(1844-1873 and 1989-2018) was produced with the use of Student's criterion with the level of significance
o not worse than 0.15.

Results and discussion

Results in Table 1, 2 and Fig. 1-4 are presented.

In Table 1 statistical characteristics of monthly mean and seasonal values of air temperature in Tbilisi
are presented. As follows from this Table monthly mean values of air temperature changes from 1.3 °C
(January) to 24.6 °C (July). Range of changeability of (Max — Min) monthly mean values of air
temperature composes 32.9 °C (-4.1°C in January and 28.8 °C in August).
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Trends of seasonal values of air temperature in Tbilisi are positive (level of significance a(R?)
<0.001) and take the linear forms (Fig. 1). In the cold half-year an increase of air temperature is more
intensive than into the warm period. Rate of growth of air temperature in different seasons of year are
following: Year — 0.62 °C/Century, Cold Period — 0.75 °C/Century, Warm Period — 0.48 °C/Century.

Table 1
Statistical Characteristics of Air Temperature in Tbilisi in 1844-2018 (°C)

Month | Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Cold | Warm | Year
Min -4.1 -2.1 1.8 74 | 150 | 187 | 219 | 213 | 154 | 95 04 | -3.6 3.1 17.6 11.3
Max 6.3 7.3 119 | 17.0 | 22.3 | 249 | 28.1 | 28.8 | 235 | 17.7 | 109 | 9.2 9.1 219 15.3

Mean 1.3 2.7 6.8 122 | 175 | 214 | 246 | 244 | 197 | 139 | 7.7 32 5.9 20.0 13.0

StDev | 2.1 2.1 1.8 1.7 1.3 1.3 1.2 1.4 1.5 1.5 1.6 1.8 1.0 0.8 0.7

Level of Significance of Difference: T(1989-2018) — T (1844-1873)
a <0.01 | <0.01 | 0.02 | 0.01 | No |<0.01| 0.12 {<0.01| 0.01 | 0.15 | No | 0.02 | <0.01 | <0.01 | <0.01

Fig. 1. Trend of Air Temperaturein Thilisi in Three Period of Year in 1844-2018.

Fig. 2. Difference between Air Temperaturein Thilisi in 1989-2018 and 1844-1873.
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In Fig. 2 data about difference between air temperature in Tbilisi in 1989-2018 and 1844-1873 are
presented. As follows from Fig. 2 and Table 1 in the indicated periods of time there is a significance
increase in air temperature for all months and seasons of the year, except May and November. The greatest
increase of the air temperature in second thirty-year period of time in comparison with the first period is
observed during January (2.3 °C), smallest — in October (0.5 °C). In the cold half-year an increase of the
air temperature composes 1.2 °C, into warm — 0.9 °C, as a whole in the year — 1.1 °C.

In Table 2 statistical characteristics of monthly and seasonal sum of precipitations in Tbilisi are
presented. As follows from this Table mean monthly sum of precipitations changes from 16 mm (January)
to 82 mm (July). Range of changeability (Max — Min) of monthly sum of precipitations compose 267 mm
(0 mm in all months, besides April and June, 267 mm — in May).

Trend of seasonal values of sum precipitations in Tbilisi only in cold period of year is observed
(positive linear trend, level of significance a(R”) = 0.03, Fig. 3). Rate of growth of sum precipitations in
this period compose 17 mm/Century.

Table 2
Statistical Characteristics of Atmospheric Precipitations in Tbilisi in 1844-2018 (mm)

Month Jan [Feb |Mar |Apr [May [Jun |Jul Aug [Sep [Oct [Nov |Dec [Cold [Warm |Year

Min |0 0 0 5 0 3 0 0 0 0 0 0 71 131 240

Max |68 87 92 187 267  [265 175|203 200 139 126 84 308 690 814

Mean |16 21 30 52 82 73 48 40 43 41 32 21 162 (338 1499

StDev (13 16 20 31 46 43 35 33 33 30 24 17 49 94 104

Level of Significance of Difference: P(1989-2018) — P(1844-1873)

o No No No No No No 0.11 |No 0.13 [0.09 [0.08 |No 0.03 |No No

Fig. 3. Trend of Atmospheric Precipitation in Thilisi in Three Period of Year in 1844-2018.
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Fig. 4. Difference between Atmospheric Precipitationsin Thilisi in 1989-2018 and 1844-1873.

In Fig. 4 data about difference between sum of precipitations in Tbilisi in 1989-2018 and 1844-1873
are presented. As follows from Fig. 4 and Table 2 in the indicated periods of time there is a significance
increase of sum of precipitations in October (14 mm) and November (10 mm), and decrease — in July (13
mm) and September (11.5 mm). In the cold half-year an increase sum of precipitations composes 24 mm.

Conclusion

In the near future, it is planned to analyze these data using statistical methods for non-stationary series
of observations.
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EFFECT OF CLIMATE CHANGE
ON THE FREEZING LEVEL IN KAKHETI
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Summary: Results of a study of the impact of climate change on the level of zero isotherm in Kakheti are presented.
To do this, a statistical analysis of data on monthly average maximum air temperatures was carried out for six points
of Kakheti (Telavi, Sagarejo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi) from 1956 to 2015, as well as data
on the height of the zero isotherm over the studied region from 1958 to 1961 and from 2012 to 2016. In particular, it
was obtained that from 1956 to 2015 in Kakheti, at almost all six points in June and August, climate warming took
place. In July, September and October an increase in the maximum air temperature is noted in the majority points.
Accordingly, from June to October over the study area in 2012-2016, compared with 1958-1961, there was an
increase in the height of the zero isotherm within 71-442 m. During May changes in the values of maximum air
temperature in 1958-2015 is not observed, the height of the zero isotherm in this month in the second period
decreased by 260 m. In all months, except June, into 2012-2016 in comparison with 1958-1961 an increase in the
values of vertical gradient of air temperature is noted.

Key Words: Climate change, air temperature, zero izotherm.

I ntroduction

The thickness of the supercooled part of the convective clouds is one of the most important conditions
for formation and development of hail processes in them. Besides this, the data about the levels of nega-
tive temperatures in the clouds are necessary for the meteorological forecast of showers, thunderstorms
and hail, determination of different characteristics of convective clouds from the data of radar measure-
ments, optimum zones of sowing in them by the ice-forming reagent with the operations on the active
actions for the purpose of the interruption of hail, the regulation of precipitations, etc. [1].

In the past century in the Soviet period of time the aerological sounding of the atmosphere in Tbilisi,
Sukhumi, Batumi [2], and in the years of the work of anti-hail service in Kakheti in the village of Ruispiri
of the Telavi municipality was carried out [3,4]. The aerological sounding of the atmosphere is not condu-
cted after 1991 in Georgia.

At present, in connection with the restoration of anti-hail works in Kakheti [5,6], arose the need of
obtaining the operational information about the vertical distribution of the meteorological parameters in
this region of the Georgia, which was necessary both for conducting active actions to the hail-dangerous
and hail clouds and for operational provisions of contemporary radar on recording of the parameters of
hail clouds (probability of hailstorm, the size of hail, etc.) [1, 7]. For obtaining this information the resources of
service of the worldwide network of the aerological observations of http://ready.arl.noaa.gov/READY cmet.php
are used, according to data of which is possible the extrapolation of the vertical distribution of meteoro-
logical elements for by any point of world.

In connection with the climate warming [8-10] it is important to estimate the influence of this
warming on the height of zero isotherm. This question, besides the scientific interest, has at least great
practical value for developing the optimum means of active action on the hail clouds.
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Material and methods

For investigating the thermal regime in the free atmosphere above the territory of Kakheti the
resources of http://ready.arl.noaa.gov/READY cmet.php were used. For investigating the thermal regime
change on the ground level in Kakheti data of the Hydrometeorological department of Georgia about
monthly mean max air temperature in five locations of this region (Telavi, Sagarejo, Kvareli, Gurjaani,
Dedoplistskaro and Lagodekhi) in 1956-2015 are used. Data about height of zero isotherm over Kakheti in
2012-2016 and 1958-1961 in respectively [2] and [3] are presented. Comparison of mean values of mean
max air temperature in two periods of time was produced with the use of Student's criterion with the level
of significance o not worse than 0.15.

Results and discussion

Results in Tablel,2 and Fig. 1-4 are presented.
Table 1
Monthly Mean Values (1956-2015) and Difference Between Monthly Mean Max Air Temperature in Kakheti in
1986-2015 (II) and 1956-1985 (I) from May to October

Month May | Jun | Jul | Aug | Sep | Ot
L ocation Telavi
Mean 22.3 26.4 29.4 29.2 24.6 18.2
[1-1 -0.1 1.3 1.1 1.7 1.3 1.1
o No 0.001 0.01 0.001 0.001 0.05
L ocation Sagarejo
Mean 21.6 25.6 28.4 28.2 23.8 17.7
[1-1 -0.5 0.7 0.4 0.9 0.5 0.1
a No 0.1 No 0.1 No No
L ocation Kvareli
Mean 234 27.6 30.6 30.3 25.7 19.3
[1-1 0.1 1.4 1.0 1.6 1.1 1.0
o No 0.001 0.05 0.001 0.01 0.05
L ocation Gurjaani
Mean 234 27.5 30.3 30.0 254 18.9
[1-1 -0.1 1.1 0.9 1.4 0.9 0.7
a No 0.001 0.05 0.001 0.05 0.15
L ocation Dedoplistskaro
Mean 20.8 25.5 28.5 28.3 23.5 17.0
[1-1 0.0 2.1 1.8 2.4 1.8 1.2
o No 0.001 0.001 0.001 0.001 0.01
L ocation Lagodekhi
Mean 23.6 28.0 30.8 304 25.9 19.5
[1-1 -0.4 1.1 0.7 1.3 0.8 1.0
a No 0.05 No 0.05 0.15 No

As follows from Table 1 and Fig. 1 in 1956 — 2015 in Kakheti, at almost all six points in June and
August, climate warming took place. In July, September and October an increase in the maximum air
temperature is noted in the majority points. During May changes in the values of maximum air
temperature in 1956-2015 is not observed.
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Fig. 1. Difference Between Monthly Mean Max Air Temperature
in Kakheti in 1986-2015 and 1956-1985 from May to October

Accordingly, from June to October over the study area in 2012-2016, compared with 1958-1961,
there was an increase in the height of the zero isotherm within 71-442 m (Table 2). During May the height
of zero isotherm the second period decreased by 260 m.

Table 2

Difference Between Freezing Level Height over Kakheti
in 2012-2016 and 1958-1961 from May to October (meter)

Month . 1958-1961 1. 2012-2016 -1
May 3600 3340 -260
Jun 3800 3978 178
Jul 4250 4432 182
Aug 4200 4439 239
Sep 3650 3721 71
Oct 2400 2842 442

In Fig. 2-4 data about vertical distribution of air temperature over Kakheti in from May to October in
1958-1961 and 2012-2016 are presented.

As it follows from these Figures, the vertical gradient of air temperature in the first and second
periods of time respectively constituted — May: -6.52 and -6.73 “C/km; June: -6.73 and -6.32 °C/km; July:
-6.0 and -6.29 °C/km; August: -6.1 and -6.61 °C/km; September: -5.82 and -6.48 °C/km; October: -5.74
and -6.14 °C/km. It should be noted that in all months, except June, into 2012-2016 in comparison with
1958-1961 an increase in the values of vertical gradient of air temperature is noted. In this case a
maximum increase in the vertical gradient of air temperature in the second period of time in comparison
with the first is observed in September (0.66 “C/km).
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—+—May.1958-1961 —=—May.2012-2016 ~—Jun,1958-1961 Jun.2012-2016

30
May,1958-1961=-6,5177x+ 23,398 May,2012-2016=-6,7269x + 21,901
R?=0.9993 R>= 09981
20
Jun,2012-2016 =-6,7283x + 26,049 Jun.1958-1961 =-6.3229x+ 23.657
R?=0.999 R*=0,9998
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Fig. 2. Vertical Distribution of Air Temperature over Kakheti in May and Junein Two Period of Time

——Jul. 1958-1961 —=—Jul.2012-2016 ~——Aug.1958-1961 Aug.2012-2016
30
Jul.1958-1961 =-5.9959x + 25_383 Jul.2012-2016=-6.2877x+ 26.97
R2 = 0.9996 R*=0.9994
20
Aug.1958-1961 =-6.0969x+ 25,337 Aug.2012-2016=-6.6084x+ 28311
R* = 0.9994 R*=0.9991
10
$ o T
1 6 7 8 =l
-10
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Fig. 3. Vertical Distribution of Air Temperature over Kakheti in July and August in Two Period of Time

Fig. 4. Vertical Distribution of Air Temperature over Kakheti in September and October in Two Period of Time
Conclusion

Over the long term, in proportion to the accumulation of data, we plan performing analogous work for
the days with the hail processes.
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$9939MoGMoms x53gdal dsBgds sMbgdom bgas@oy®m aogzmagbsl ggMm dmobogbl sgmm zym-
&M950Lb bEMs-gobgnmamgdobs o dom 3o3M(39mgdady, doMadom, bgmb dgnbymdl bogmeg-
3oL LEMmPoLmgsb 3m3boggdsl. m9yd(3e, gobomzgamabBobgdgmos aoM 339 dgdmbszgsgddo,
3emdsmMH0 Eomdmdol BmMbdy, azomzgal 06896LogMdnsb 35dm3nbamy, d(39b0699d0L Gqb-
g3mo Lob@gdob (Bodmbggmmb) dgbsdadabo &gbom NBOHYMb3gmymays (sds@gdom MByss). bogs-
393 Mganmbdo (VI-VIII) badygsmm doe®mmmgmdnmo 3mgpangbdo <1.0-%g dgowmggbl 0.7, bm-
mm >1.0-59 — 1.4. 3bGomo 4-30 dmzgdmmos 3obgomnlb Mgaombdo agzomgol 068 gbbogmds wo
dgdmbggzoms Mnzbgo.

bFomal Bobgogom, 3obgmal Mgaombdo, dmenm 35 brals 356dnemdyg (1983-2017 66.), dgm-
g 3gcomedo dgd(3009dmmos bnbGo 0b@gbbogmdalb ggzomaalb dgdmbggzoms Ma3bzo 2-0m o6y
6%-0m, 30639 39M0mEcsb dgosmgdoo (1948-1982 66.). oyd(39, IgmEg 3gMommdn gondam-
5 badmamm Godob gzomgal Gabgo (3 3gdmbgggzoom 969 9%-0m) 3oMggm 3gMommab dgme-
Ggdom. sbggg, bogdome Bmads@s Jgmmyg 3gGommdn dmagMds gzomgsd (8 dgdmbgggnom by
23%-0m).

3bGoen 4. a35mz0b 06Eg6Lbogmds s dgdmbzgzoms Masbgo
35-6mnabo 3gMommgdol dobgogno

39@gm- 3gMomo, 33530b 068g6bogmds s dgdmbgggzems Ma(zbgo
Logmco Bgmo LybEn <0.8-0.9 | % | badyomo <0.6-0.7 | % |dmogmn <0.4-0.5| %
0 gmag0 | — 3g60mn 5 14 1 3 1 3
1948-1982
Il - 3g60omen 7 20 6 17 2 6
1983-2017
4356900 v e 7 20 1 3 1 3
o 5 14 1 3 0 0
gomxmob- v e 5 14 9 26 5 14
Byotim vy 3 9 7 20 13 37
Il - 3g6omeo | o@gds | gmgds | 2 6 3 | 9 8 | 23

bgImombndbyymnsb go3mdmnbsmyg, ammdsm@mn ©smdmds gogmgbsl sbogbl sgmommmao
Lyd&MPOL FFMsgam aMady, Lows Bmbammbymos Mmam@ g 3mdodon®o (o Ggd3gFedn-
ol 3o@gds LzgbaMom gomzamabbnbgdym 25C-0m 858gdslb o6 gowosgemdgdl 2020-2050
Brmgdabamgaly), nbyg bgas@ono (33mamgdgdo. (3960 gmmo bagacal dobab3ams 3ogMal g3qbs-
do $9g33gMo@Mnl 358909, dgodmgds bgmboymgmo 50dmhAboglb ssgemgdol 40dmadbggg do369-
dgm-m@a560b3ms 2-3-xqM g0 sbamn momdgdals godMogmgdabsmgal. abobo dgadmgds ©s-
30gdbocEgL 08 sanmgddn, bowss sMY o6 dgnbndbgdmes. Moy go3mbgg39d0L Bnbody wosyg-
693L 9b&m™Imemmaqdl, goGm3smmmmagdl, bymgdombgcgdl s Lbg. s30@8mad, 36ndzbgmmas-
bos 3o Bobssmdmagy dgbadsdobo dMdmmol mmbobdngdgdol go@omads, Moms maz0sb 0fbsl
5(30mmgdmmo 3(39606Mgms FmbammEbgmo ©os3009d900 ©d Fomgsb gsdmbggmmo dmbogmal
393306905, M5 40-50% dg000g96L.

@0BIAIGYMS

1. Meladze G., Meladze M. Influence of global warming on agroclimatic indices of agriculture and intensity of
droughts in Kakheti region, East Georgia. // Bulletin of the Georgian National Academy of Sciences, vol.10, Nel,
2016, pp. 97-104

2. Meladze G., Meladze M. Climate Change: a trend of increasingly frequent droughts in Kakheti Region (East
Georgia) // Jurnal of Annals of Agrarian Science, Georgia, vol.15, Nel, 2017, pp. 96-102
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3. dgmadyg 3., dgmodg g. ammdamfin EIMIMAS S S3MMINMEBH7dal aobznmamgdal dofMomown
80R39698emgdob s azomgnsbmdal 8s@qdab §gbwgb30gdo 3obgmda. // LagsGmzgmmb bmgmob dgue-
Bgmdab 3g(36. 830g300L bogHmedmEabm 3mbggMab300L dobamgda. mdaemaboa, 2015, 3. 232-236

IMPACT OF GLOBAL CLIMATE CHANGE ON AGROCLIMATE FEATURESAND
REOCCURRENCE DROUGHTSIN GEORGIA (ON THE EXAMPLE OF KAKHETI REGION)

Meladze G., Meladze M.

Summary: On the background of climate change, agroclimatic features and reoccurrence droughts in the
Kakheti region are assessed. Based on the analysis and statistical processing of multi-year (in 1948-2017)
meteorological observation data, as well as future scenario (2°C temperature increase), the duration of
vegetation periods, sums of active temperatures (>10°C) and atmospheric precipitations (mm) and
hydrothermal coefficient has been identified a trend of increase/decrease of dry subtropical, mountainous
and mountainous zones. Agroclimatic features were calculated for the study zones, as shown with trends.
It is estimated that during the last 35 years, the less intense droughts decreased (by 6%) during the second
period (in 1983-2017) compared to the first period (in 1948-1982), while the droughts with average
intensity (9%) and severe droughts (23%) are frequent. The expected positive and negative changes
caused by global warming in the agrarian sector are discussed.

Key words: climate change, agroclimate features, drought
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Jd3006IFODIG0 50IIFIBNL 3963IMEOI6ICM3NL FIBILIB
d. 33060630 303500L 363M3TI6NT0 B3N IdNL BMEdI

dogds9§sdg ©., 3353baMndg 3.

33030 696 gormob bobgerdbogm mbogagmbodgdo, Jameobo, bogsGmzggerm

oEm@oGno: aermdsamo gemodo@ob Godmobofmg wsmdmdol gmbdg og@msrrmdab o jomaogh bojombo

dobo g gbgemn 398 gmgegdgbdgdol bodmsmmgdol gobsboengdol (33emnemgdscms dgbobgd. oadze godmg-
mgbocr bdodomm dmaengboms 36939630068 s dmbo&meinbgol dodboom moowgb ymmewmmgdolb 0dbobea-

®98L 8989mgemg8968980b 99L& gdsemam Jobobosmgdgemms dgbbsogems.
J- dmosobdo 3ogmob bodocnm §9939Mo@ @ 980b od gofmo godmjzgoaemo doBgdob, bmenm o@dmb-

RO o boemgdgdol xsdgdol Medwgbomdg jemgdol gmbdyg, boemgggdol 94b@ gdscrama dobobosmgdgern
— ggmdme, dogbodndgdol d60d369emmdg80 cnm ol gobsbggmgdmemns, bodsgngmmem Godwogbsdg dmds-
Bgdmros 30 88-006 mgms 8068 gme gdsmmdol Mosbzo.

bog3956dm bogyzgs: oBdmbegmaemo boemgdgdo, g4bBmgdsmamo, mbogmeinbgo.

303580b (33momgdal aemmdsmy@n smdmdol gmbdyg, Mganmbsmy® 3madsy® mego-
LydYMYosms OEagbs LM YRMM dGPomyMn brpgds, Medgomyy JmadsGon gobabomgds, Hm-
Mm@ (3 93Mmmanm®o, sbg39 ¢360d369mm3z569L0 LmgosmNE-93mbm3Boz Mo god@mto.

359600 §9339MoGnMnbogab gobbbgsoggdom, GmAmal (33tmomgdslb gemmdamyma dobd@odo-
DM3(3 30, 39033900 396mMBDMBngMgds sbabnomgdl, 8dmbggemmo bomgdgdo @MmMbLs s bog-
(3990 gMo-gem yzgmsedg (339mgdse gmgdgb@l bomdmowaqbl. o3 dbMag dobo Momemgbmdabe
5 GagMoGmEonmo asbsbomgdol mgombsdGnbom, Lojomggmm mogaobn dwmgdstgmdal,
MBMaMogommo 30mmdgdol, d3gugbomo bgmsedamals bobosmobs s gods@mbgdama (306 3mme-
30960 3Gm(39L9d0b bgaszmgbom, gMo-gfom asbbsgnmMmgdaym Mganmblb BomMdmawagbl.

Bomgdgdal (303mnEMdal sMsgfmmagemmgbgdodg bbgs 8g(360gcgdalb dbaszbaw dommomg-
396 Jofmggmo 3mods@mmmagdas: 3.b30R0s (1971), 3. amandzoemo (1974), . 353065330m0
(1981), . 898emadyg (1975), g. gmabdamadgama (2007). doma 33mg39d0m ©abagmagom bodem-
»39mmdn, 3sbbsgnmmgdom dob Fomdow bmGom Moombgddn, bomygdqgdol Bmoyma ksdgdals bo-
139090003 dbgmgmmdol do@gool Egbogsns sbobnsmgdl, dogmad sbggg asdmymegb nbgor o-
30mgdba(s, bawag bamgdqgdol godgd0 ob o6 0(33mgds, ob bogMommesz 3mgdammdl [1].

bomgdgdal gobsbomgdol smbadbymo LyyMmsmalb ggmbdy, Rzqgbo 33emg30L B0bsbl Bomdmaco-
396L obogmagm Logomggmmb (30m3gmm sanmgddo, 53 dgdmbgggzeado Ggaombals (3968,
J-gnmeabob 5&3dmbggMema bomgdgdol 3Msgombmanto Mggadal, sbg3zg 9dbEG 93 Lowo-
©yMd M30LgdmMgdoms dgiabagds, @abemgbo (2009-2018 66) 398 gmBmmmgonmo ©s33063980b
3dmbs(393900L sbsmnbal bLogmdzgmby.

bogBmadmEnbme Mg3m3gbamgdamn gmmuemmmanna doamdgdol, 3gMdme, me 3g-
omeb dmmob gemgdgb@ms boawol (33emomagdol dgggebgdabs s sbgsg (33mamgdal bohjsmab
306bobmzgabs EMMOlL goM339m ImMbs33gmdn 358mygbgdoom, oagbom 0dbs 58dmbygMmmao
bomgdqdol xs3gdal Mgyoda, 94bEMgdomnE Lowogoms gsbdgmmgdsmdal bobdomyg, Mo oe-
30b 3bMog 3Mmgm306955L B3l Lbgoabbgs LEoJoy® dmgmgbsb.
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J. Jmooobda 58dmbggenm bomagdgddg ©s33063980L Mbyzg@&n dmbBo(398900 sMLgdmMAL
1936 Bemosb, 569 dobo (33cmomagdol Mogo Lszdome babamdmongns. smbndbyymn dmbs(3939d0
0539453000 M 39M0omEa. bamgdqdol x089d0 o doMmogombemanma Lodysmmgdn dgzosmgm
mobmglb 2009-2018 Brmgdal Lodmommgdl, b 8d3060@ go3mbaGmmoa 3mnds@nlb gmmdmatn
mdmMdol 3gMomeb. 3gMomgdl dmmal bamgdgdol 3mgdol G gbwg300L 8d30Mom aodmba@y-
mo LYOsma abs@gds. 39Mmdmm, 1940-0560 Brmgdnsb 1970-0560 bemgdols Romgmom Jomsgda be-
94980 bemoy@o xodo 1330 33-1505 33 dmMabog 3o IgMygmdws. 1961-2010 Bemgddo 30 dGe-
3ombmoy®ds badyommd 1404 33 dgognbe.

6ob. 1

353m3049bgom 3MmMabmb@nimm 3g8gmEmmmmansdn sd3300Mgdmm Mbg s (306 boemg-
Josbo 3gFommgdal gsbbodmgmal Bgbo [2], gobgmoam 50-bnsb 3g@omwadn (1961-2010) Jnoro-
obdo dbmeme byogg® ogodbofMos oMy bamgdn s sbgzg byomxg®, Mbzbsmgdosbo 6gmao
o6y Lodomme so Bgmobawdn gMombgm. Moz dggbgds gobmglb 3gMmamel (2009-2018 66), — o3
domgedo ¢339 2-%96 ox0dbomos 3mgdob Egbwgns 2015 s 2018 Bmgdda. sbgy dgdmbgg-
3oms M0(3b30 300DIM®s, 09Yd (30 LogMmm xsddn 3oEgs ghmbgm Nbos dogymommm, MHmd Mg-
30mbdn 35960l §9339Mo@ Mol 5@ 9d0L gmbdyg, bamygdqgdol xs3L badgomam 3magdol &9bwog-
(300 dbobosmgdl.

o3 399bgds g4LEE s bomgdgdl, Jomaddo dabo Bomdmddbobs o gobsbomagdal 3o-
©33 9BOM Ooggmo byGocmo abobgds. dsgsmoms, 2010 bgmb, Jnmenbdn, 3oMzgmew ©s33060-
3960L 100 Bob obBmEMool 356domDdy ogndboMmes, 3sgMol Ladsmm §gd3gMsdms 17,3°C.
83 Bgmb Bomgggdolb Bemon@o xodn 3Mogsmbman® bm@mdsdyg bojmgdo — 1387 83 mogodbomws
[5; 6]. ®og0nb 3oMamjbamamss o6 Nbos Rsbrogl 230 33 bommgdob mgms Gobgn LEmMgw >3
bgmb a3Jmbes yzgmedg dg@&o — 14 3gdmbggazs. @obsMhgb bemgddn 30 smowsb Lydsdwyg dgdsn-
5. 24 3s0bb, 8, 14, 23 Lgd@&q39gdgML, 67-77 33-Lo(z aoosgsMds. dSMbNsb 3gMmomedo dojlbnde-
&0 3ohg9695gmo 2011 Bgmb ogodboMms s 60dbymds 95,4 33-0(3 3o dgoanbs. Mo dgg-
bgds 94LEMgIomnE Bomgdms Lybmby® as6s60mgdsl 230 33 bomggnsbo @mggdal dojbodsda
5006036y dgdmeamdbg 38 dgdmbggszs. bagbambs s Dodmamdn — dgbadadobaw 19 s 17 dg3-
B3935, booem ygzgmadg bogmgda gobogbymdg 10 dgdmbgggs.

domgdamo dg0gagdnsb gsdmdpabamg dgadmgds sogsolygbsm, Gm3 gmmdsmnmds @om-
dmdad g5M33999mo (330 gdgdo g53mabg0s, MHmam (s bomgdms xs89da0b, sbggg Ybgo bammygdg-
30l aobobamgdoedaz. 091330 93539 @MML Ybws Jogmmommm, GmA Jymeobdo ymgoms dgd-
0b393900, MmEgbs magbbds b30898ds 188,3 33 (1946 Bemob 1/VII) s 126,5 33-0(3 3o (1977
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Bemal 18/VIII) dgoanbs [4]. 01830 dmmm s0Bmgmmnbagsb gobbbgeggdom sbgo d53mbgg398L
o300 3Jmbos dogbmmmdo.

6ob. 2

934bEM g3 00z3mgds sbgzg 3MBGMLE Mo Ybomgdm 3gMomea(s. LEMMgE sbgmo
oym 2010 Bgmo Jnmsnlda. 83 Bgmb, bmgddcal mgzgdn, 35306 HmEgbss ©s3g306M3980L dnsemgeo-

do (2009-2018 66) dgdmeamads godmoambgzs megbbds 6303930l 354bod¢ydnm, (dgdmbgggoms Go-
mEgbmdob dobgogom — 14 dgdmbzgazs) dbmemme 9 33 bamgdo dmgaws. 2015 Bl bgd@gddcals
™3980 30 bomgdo dgadmgds amggsel ofz 3mbymes s ogndboMos dbmemme 1,8 33 (14 Lgd-
&9ddg6n).

domamo §9339Mo@Mgdn Mbomgdmdabs s §gbolb gn00@l §mbdg 0b393L azomagdl,
3ol bobgMmdmoagmds LbmMgo 8030bstg gmmmdsmeymn ©smdmdaolb gmbbg Medwgbndg
0©sb bdd M358y 3o 30 DIMES s gabdomws 3owg [3]-

303580l 30d@nbomyg (33momgdgdl dmgmo Gogo LGodonMo mzmgbgdo ¢ 39330Mw©7ds.
ao6bbgoggdnmo  godogn® ggmaGegonmo 30mmdgdalb bgaszmagbom 3o yzgms Mggombo
abbbgoggdnmom Mgogomgdl, o3 dbMog asdmbsgmoabo oM boggmggo Mgaombos [7]. dogsmo-
0@, JMmsobda gobymo Layyzbal 80-056 bemgdsdwy swanmo 56 3Jmbos oo Jomsdgdoboo-
30b @odobobnomgdgmo 9.6. ,Lomdmb 396dygmagdol” bomdmddbal [5]. pmgl 3o, LEmMgE 3made-
&Mo 30mmdgdol (33momgdal, 396dme, o9l Ladygsmm §9339MoG Mol do@gdal, 5&3Imb-
g9 mo bamgdgdol dgd30690al, gJLEE3smNEA bomgdms aobdoMgdobs [8] s Jofal g.b.
3608 039mo LoRdsfggdaol 5-6 3/63-ob 3-5 8/63-30g dgd(306980L BgmMmbdY, Jomaddo 339 b6o3-
©30m5® 5©30e0 543L ,b00dmb 3Nbdymgdalb” BomdmJabsb.

bgImombndbymmsb gMmow, LBmMgo dmmm smbmgymmda bszdome bdnmowm gojboMogds
200bob Gommgdob” dgdmdms o g.6. ,GMm303mn 0odggdol” gobdamgds, Moz zgbo 3moade-
Gobomgal sMg o6 ngm s3sbsbosmgdgmo. sbgmo mggdo Fzqbo gsbgnl dozbmgmgdgmmes
X63M0gmmdady asbbognm@gdom 3o 3533398%g 8 3mbyy390dg Meymaznmom dmgdgogdl
(sbgomo ngm LBmEMge 2010, 2012, 2015 Bemgdo) [1].

9db&MgdsmmEn dmgmgbgdosb Aggba Jomojabomgal asbbszmmmgdoo bodndo s oo
3o gM0dommEn s 53305bmMn DoMamal MG obos ®o3Lbds B3089d00 g83mbggmma Bymal
©mMbob 5@ gds (bysmoamds-bysmdmgsmwbs) [6].

Ro@ofMgdmmo 33mn39000056 353mInbatyg, sbygbol Loboo dgodmgds smgbadbmom, HmA
aemdsm@o 3mmads@ol (33momgds dofMomsmsm Bomdmhnbogds Mgaombomy@o 3emads@gdol
dmg3ma3o0000b0 (33mamgdom. Moz gd30b gomgdgs, Mmamts dmbgdMoga, sbggg SbmMmM3maqby-
0 Bod@MMgdoo oMb gob3nmmdgdymo. ymggmogg 8356, nbggzg Hmames bbgs o Jomsdqd-
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do, Jmmonbdaz godmabgos 3603369mmaaba (33mamgdgdo s go03b3535 g3mmmanm@o bmbab-
Bemdal dgbamhbgdols Logombo. 50badbymol aowobogMgmom s Jomogal gobgomomgdals
Legosm@o s g3mbmdognto god@mmgdol Lol gdsdndsznabsmgol Jomsjol mgomndstmgg-
mmdob 0boz0o@ 0300 g58mygbgdme 0gbs SWOT sbomobal 8gomeon, 393¢deggdmm abs Jome-
Job 30bg0m06gdals LGEsGgans, Moz 30Mzggm Mogdo amabbdmdl Bysmamobgdals Jugmalb Hgo-
domo@o(300b, ,,39aM0 baMhgbgdol 0b@gaMamgdym Fommazalb, 9bgmgools bysmgdal aggmbo-
B035(300L, 3gMdme, gbgMmamdmbdamgdol dgd(3069dsLs s gobsbmagdawon 9bgManal Bystmagdal
353mygbgdsl, dmaMomn GMobLIMMENL NdOYbggmymaysl, Jomsoddo 3oMmzgdobs s Lbgs god-
635690mmo &g mmngdal s 363569 3mGom@gdol dgddbsl s o.3.
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ASSESSING THE REPEATABILITY OF EXTREME RAINFALLSIN THE BACKGROUND OF
REVEALED CLIMATE CHANGE OF KUTAISI

Miqautadze D., Kvabziridze M.

Summary: In the background of recent warming of global climate the issue of changes of its establisher

meteorological elements, is actual, but for the prevention and monitoring of revealed natural disasters, we should

pay attention to the study of extreme features of meteorological elements.

Atmospheric precipitation and air temperature are one of the important indicatorsin assessment of climate change.
In Kutaisi, in the background of the rise of wind medium temperature, as well as the reduction of the totals of

atmosphere rainfalls, the extreme feature of rainfalls — the importance of maximums are almost halved, however, the

number of repeatability of the days of 30 millimeters are somehow el evated.

Key Words: atmosphere rainfalls, extreme, monitoring.
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JQ@3333000 LABMEIGO 336060 LOFOGAZIT ML OIGNOMEGNHI

3d39mbamadg n., 333565dg b.

bojo!ﬁmgg@mb @gjb-nd:yrﬁn g50306[)0@0@0[) gngpﬁmag@gmﬁmgnmannb 051)@0@'3@0, méo@n[)n,
bogomoggemm

3bmGoios: dmsgdmen 653mm3dn Bomdmoggboemos gendgdosb wmgms bsdmsermmgonma gobsbormgds bo-
Jomoggemmb bbgosbbgs @ gg30mbgddo. dgogagdo dmisgdmemos g60g03980L bsboo, Gmdemgddg bom-

dmoggbocmos gendgdosb omgms Gozbzob (9of) bodmsmm s dojbodseamo d60d369cmmdgd0. godmgemyg-
boemos gaom-b bgdmbamo gobsboemgdob mogobgdam gdobo. bogs. bodys: gendadn, badmbo, oz, Hggombo.
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SEASONAL DISTRIBUTION OF THUNDERSTORMSIN GEORGIA
Mkurnalidzel ., Kapanadze N.

Summary: In this work the seasonal distribution of thunderstorm days in the territory of various climatic zones of
Georgia is established. We used long-term monthly average data on the number of days with thunderstorms. Data
processed statistically and analytically. The results are presented in the table and in the graphs, respectively.

The findings can be used both for practical purposes (forestry, tourism, building etc.) and in the development of
various climate and forecast models.

Key words: the number of days with thunderstorms
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PREDICTIVE ANALYTICSAPPLICATION EXPERIENCE FOR CLIMATE
TRENDSIN CAUCASUS MOUNTAIN REGION

Nurtaev Bakhram

Intitute of Helioclimatology, Frechen, Germany
nurtaev(@gmx.net

Summary: Data about dependences of air temperatures and precipitation from solar activity in Armenia,
Azerhaijan, Georgia and Turkey are presented.

Key Words: air temperature, total solar irradiance.

Predictive analytics encompasses a variety of statistical techniques from data mining, predictive
modeling, and machine learning, and that analyze current and historical facts to make predictions about
future or otherwise unknown events.

The climate change in Caucasus region and its effects on the environment, ecology, and economy in
the 20th century close connected with global climate trends.

The growth in the quantity and diversity of data has led to data sets in climatology, larger than is
manageable by the conventional tools. To manage these data sets, new methods of data science and new
applications in the form of predictive analytics proposed.

The study is based on two fundamental principal in geosciences:

—  The global climate is regulated by how much energy the Earth receives from the Sun.

—  Uniformitarianism is the fundamental principle that geologic processes and natural laws now
operating to modify the Earth's crust have acted in the same regular manner and with essentially the
same intensity throughout geologic time.

The goal of this study is to reveal the general underlying structure which generates or allows such a
variations in climate and precipitation trends in Caucasus region.

The Earth atmosphere is an open energy system receiving energy from the sun.

We compared solar activity with yearly averaged air temperature and precipitation for four Caucasus
region states over the period 1902-2008.

Dependences of air temperatures (T, °C) and precipitation (P, mm) from solar activity (Total Solar
Irradiance — TSI, W/m?) in region are following:

Country Regression (R- coefficient of linear correlation)

Armenia T=1,217-TSI - 1655; R=0,73 P =-86,54-TSI + 11874; R=0,78
Azerbadjan T=0,853-TSI - 1155; R=0,79 P =48,14-TSI - 65313; R=0,76

Georgia T=1,170-TSI- 1592; R=0,72 P =73,18-TSI - 99055; R=0,75

Turkey T=1,115-TSI- 1512; R=0,73 P =-74,29-TSI + 10204; R =0,75

Correlations between solar irradiance and climate parameters are higher for directly station measure-
ments, for example an air temperature in Istanbul, T=0,641TSI — 861,6; r=0,91

Precipitation rates are slightly decreased in cases of Armenia and Turkey on 50 mm over the 100
years observations.

In the next two decades NASA has predicted very weak solar activity, this actually will lead to the
temperature decrease in all studied countries on 0, 5°C in the both averaged solar cycles.
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SOME FEATURESOF BLIZZARD IN SAMTSKHE-JAVAKHETI REGION
Pipia M., Beglarashvili N., Diasamidze L ., Jincharadze G.

Summary: Data on 18 meteorological stations for the Samtskhe-Javakheti region have been analyzed. The average
annual and maximum annual days of the blizzard days for the last 50 years are calculated. Characteristics of the
distribution of blizzard throughout the region throughout the year are analyzed. The blizzard changes with respect to
changes in altitude have been estimated.

Key Words: Blizzard, dangerous meteorological phenomena, altitude.
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Summary: The analysis of the data of the Georgian Environment Agency on the incidents of hail in Georgia and
damage from them in 2016-2018 is presented. The greatest number of days with hail for the indicated three years
was recorded in Kakheti (32 days with hail, 90 locations subjected to hail), the smallest — in Samegrelo-Zemo
Svaneti (one day with hail, 1 subjected to hail locations). A map of hail cases has been built.

Key Words: Hail storm, dangerous meteorological phenomena, geoinformation map

I ntroduction

Among natural disasters, hail is a dangerous event for Georgia. It causes significant material damage,
damages the roofs and walls of buildings, crops, orchards, vineyards and leads to the death of pets.
Research on hail processes in Georgia has been the subject of many works, including over the past 15
years [1-12]. Therefore, the city has attracted the attention of local residents, historians and travelers from
ancient times. In July 1877, the Iveria newspaper reported that on July 4, in fine weather, it got dark in the
afternoon, a heavy thunderstorm, heavy rain fell, and then hail, the grain of which was the size of an egg
of a dove, followed. Crops and vineyards were completely destroyed in Gurjaani, Vejni, Bakurtsikhe and
nearby villages. On June 6, 1972, hail was noted in the regions of Lagodekhi, Gurjaani, Telavi and
Dusheti, resulting in damage to hundreds of hectares of crops. On July 19, 2012, a midnight natural
disaster struck the eastern part of Georgia, Telavi and neighboring villages in the Telavi and Gurjaani dist-
ricts. A whirlwind storm was accompanied by a strong hail. Buildings were damaged, crops were comp-
letely destroyed, and at dawn not a single leaf was on the plants. The loss exceeded $ 100 million [1].

This paper studies the occurrences of hailstorms in the territory of Georgia in 2016-2018 and analyzes
the damage caused during this period. For the work were used materials National Environmental Agency
observational data and literature on hail.

Results

Based on the materials available to us, on the hail and the damage it caused, which covers 20162018,
a table was compiled (Table), which shows data on the damage caused by hail for the regions of Georgia.
It also indicates the number of hail days, duration, damage, process and affected municipalities.

Analysis of Table 1. shows that hail processes in 2016-2018 were significantly more active in eastern
Georgia than in western Georgia, especially in the Kakheti region (32 days) and Samtskhe-Javakheti
region (16 days), where hail was observed in all municipalities these regions. It was also shown that hail is
more common and more destructive during Western processes.

This trend of the hail is not new and was mentioned in a number of literary sources and scientific
articles, including in our studies [2-6]. It should also be noted that the damage caused by hail in the east of
Georgia over the past three years has reached tens of millions of GEL, which is a huge loss for the
Georgian economy.
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Hail Damage in the Regions of Georgia (2016-2018)

Table 1

Regions Nu?;yesr of Damage Duration | Process Municipalities
Batumi
Adjara 2 Hail damaged citrus and plants Khelvachauri
Khulo
Guria 1 Traffic was hampered by the hail 15 min. Ozurgeti
Samegrelo- . 1 The hail destroyed the crops Tsalenjikha
zemo Svaneti
Thilisi 3 Cars damaged Thilisi
Western
Agricultural fields have been destroyed, process,
. poultry have been killed, vineyards and | 10-30 min. | Eastern C
Kakheti 32 orchards damaged. The diameter of the hail process, All municipalities
was in some cases 18 mm. Intramass
process
Intramass
Mts.kheta.t— ) Plants and vineygrds were damaged. process, Miskheta, Dusheti
Mtianeti Vegetable crops, fruit trees were damaged. Western
process
Hail destroyed crops, damaged orchards and
Samtskhe- agricultural lands, hail diameter in Bakuriani Western
. 16 was 18 m. The disaster damaged much of the| 10-20 min. All municipalities
Javakheti . . . L process
national park in the Borjomi municipality,
broke trees, broke lights.
Kvemo Agri.c l}ltur.al CIops wete damaged l.n Tsalka Intramass | Rustavi, Bolnisi,
. 7 municipality the diameter of the hail was 24 .
Kartli process Dmanis, Tsalka
mm.
Western
The disaster has destroyed much of the fruit process,
. . trees, vineyards and crops in Shida Kartli. 20 min. Eastern . . .
Shida Kartli 10 Yards and roads were flooded in the city of process, Gori, Kaspi, Kareli
Gori and traffic has slowed. Intramass
process

According to Table and based on statistical data for 2016-2018, we have prepared a geoinformation

map of the hail on the territory of Georgia. (Fig.).

Fig. Hail According to 2016-2018 Data in Georgia
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Fig. also shows that the hail especially damages the Kakheti region and also causes great damage to
the regions of Samtskhe-Javakheti and Shida Kartli. The smallest hail is observed in the Samegrelo-Zemo
Svaneti region.

Over the past three years, the number of hail days in Kakheti was 32, which was recorded in 90
locations in the region, this is the highest indicator hail in Georgia. The lowest indicator hail is in the
Samegrelo-Zemo Svaneti region, where the number of hail days is 1 in 1 location.

Conclusion

Over the past three years, hail has been a frequent occurrence in Georgia. The hail in eastern Georgia is
characterized by a duration (30 min) and the largest hail grain (24 mm), which is mainly due to western
processes.
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ATMOSPHERE PROCESSESAND CLIMATE PARAMETERSVARIATION IN
RIVER MTKVARI BASIN
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Summary: The River Mtkvari is a main artery of the Trans-Caucasus. The aim of presented research isto investigate
atmosphere processes and climatic parameter variability in Mtkvari River basin. Mathematical modeling is used to
assess wind velocity value in river basin, namely in Thilisi, as the main city of the country. In order to investigate
climatic state of territory the following climatic parameters (temperature, precipitation, wind velocity and direction,
snow cover) meteorological station observation 1960-2015 data located along River Mtkvari gorge were used. The
location of Georgia, its physical and geographical conditions, allow for a wide variety of meteorological processes
with appropriate thermal-barrier fields to reflect and develop this area. Thus, any physical-mathematical model
capable of describing microprocessors developed in individual regions is of theoretical and practical value. The
results may be used in river water management issues.

Key words: Mtkvari River, atmosphere processes, climate change.

Introduction

The River Mtkvari is a main artery of the Trans-Caucasus. The river starts on the territory of Turkey
on the Karsi mountain and crosses the Georgian border in Akhaltsikhe region where it starts to run
northeast in a gorge for about 75 km. spilling out of the mountains near Khashuri. It then arcs east and
starts to flow east-southeast for about 120 km., past Gori, then near Mtskheta, flows south through a short
canyon and along the west side of T'bilisi. The river flows steeply southeast past Rustavi and turns
eastward at the confluence with the Khrami River, crossing the Georgia-Azerbaijan line and where it
receives the Aras as aright tributary and enters the Caspian Sea.

The river is now moderately polluted by major industrial centers like Thilisi and Rustavi and it is now
much slower and shallower, as its power has been harnessed by hydroelectric power stationsin Georgia.

Fig.1. River Mtkvari basin.
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The complex mountainous relief and influence of Black Sea have conditioned the diversity of climate
zones across the region, from everlasting snow caps and glaciers to warm humid subtropical forests and
humid semi-desert steppes. The river basin covers areas with unequal climatic conditions, threatened by
both floods and droughts.

Resear ch aim and methodology

The aim of presented research is to investigate atmosphere processes and climatic parameter variabi-
lity in River Mtkvari basin.

Atmospheric processes are highly heterogeneous and anisotropic in space and time. The main reason
for thisis Solar energy uneven distribution to the Earth's surface. In the lower layers of atmosphere, the
heat regime is provided by the long-wave radiation reflected from the Earth's surface. The heterogeneous
surface causes the rays to be reflected at different angles, which in turn causes an uneven distribution of
the heat field. Uneven heat field causes unsmooth distribution of atmospheric pressure and formation of
permanent "barrier centers’. These centers provide air masses motion mainly from west to east ("leading”
flow) with approximately 8-12 m/sec velocity and other zonal flows. These processes are irregular
everywhere, especialy in such difficult physical terrain as Trans Caucasus and Georgiain particular [1].

Wind velocity is a three-dimensional vector. Vertical component is small compared to horizontal
motion and can only be (10-20) cm/sec. or more in intense convective motion. Such convective motions,
however, often occur on bumpy, mountainous terrain. Therefore, in the mountainous terrain it is not
acceptable to have wind zero divergence as allowed for a smooth surface. Experimental measurements of
wind vertical velocity are associated with principal difficulties and therefore their evaluation using
theoretical methods is necessary.

It is assumed that origin of wind velocity is conditioned only by surface friction and relief; in parti-
cular it is defined from integration of continuity equation:

H (du dv
W:—fo (aﬁ'a)dZ (1)

The air flows are affected by upwind —downwind currents rising from relief considering of which is
essential on any selected local polygon. Those currents define local circulations and peculiarities. After
transformations the equation (1) obtains the following type:

1 1
W = » [rotz‘r + . (plnn)H] 2

The obtained equation is differing from already existing ones by the last member that reflects orogra-
phic loading [2].

W, =——(p,In7)H 3
Lpn

where H is atmosphere layer atitude and W reflects upwind flow velocity rising from orographic
factor. After calculations W, amounts 8,7sm/sec. that indicates that orographic factor is important.
Namely, Surami Ridge affects air masses dynamic on west and east sides. This fact is revealed on the
formation local wind nature in Mtkvari River gorge. In Mtkvari River gorge wind transfers in gradient
wind and their directions coincide. Thus we got one wind flow in the gorge that is much stronger than in
other river ones (Rioni River). Such event is observed everyday and is of orographic nature. We can use
this factor to explain so called “Thilisi concave” phenomena.

The peculiarities of “Thilisi hollow” may be explained using above given theory. To do this, let's
evaluate the impact of the terrain parameter. The relief characterizing parameters a=5,52*10°m™ and
b=23*10°m™", W0=12,64sm/sec. Significant results will be obtained considering those values [3]. As the
terrain impact parameter b in the north-south direction is four times greater than that in the west-east
direction, therefore, the air masses generally move only in one direction — across the Mtkvari gorge (h =
4.12m). In the cavern there rises congested circulation that is enhanced by the deficiency of vertical
velocity (max. 20sm/sec). Such flow dynamic justifies all the climate "phenomenal” peculiarities.
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In order to investigate climatic state of territory the following climatic parameters (temperature,
precipitation, wind velocity and direction, snow cover) meteorological station observation 1960-2015 data
located along River Mtkvari gorge were used. The only those station data were used that have continuous
and homogeneous observation series. These stations are: Tbilisi, Borjomi, Gori, Khashuri, Paravani,
Akhalkhalaki, Akhaltsikhe, Skra, and Rustavi. The observation period is sufficient to reveal climate
change effect on River Mtkvari basin [4]. The climatic parameters data are given in Tab. 1-5. On Fig.1
annual sum of daily precipitation is presented for Tbilisi.

Station: tbilisi [41.45°N, 44.46°E]

Index: r95p. Annual sum of daily precipitation = 85th percentile

mm
100 150 200 250 300 350

50

T T T T T T T T T T T T
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Linear trend slope= 0.832 Slope error= 0.572, p-value= 0.152
ClIimPACT2v 1.2.6

Fig.2. Annual sum of daily precipitation (1960-2015)

As it is shown in the given Tables, average annual air temperature for all the m/stations is positive and
it ranges within 13.0°C (Rustavi) and 9.1°C (Borjomi). Average monthly air temperature of the coldest
month — January in five m/stations is negative. The absolute minimum air temperature in all the m/stations
in January is negative and it ranges between 31.0°C and -23°C. The absolute maximum of the air
temperature is observed in July-August and it ranges within 37.0°C (Borjomi) and 41.0 °C (Rustavi).

Table 1. Air temperature absolute minimum (°C)

Station I II 11 v vV | VI| VIl | VIl | IX X XI XII | Annual

Thilisi -163 | -14.8 | -74 -4 1.5 163|121 | 11.5| 4.8 -2 -55 | -114 | -163
Paravani -31.3 | -325|-31.1|-186 | -9 | -6 | 0.2 | 0.7 | -42 | -11.7 | -21.5 | -31.5 | -32.5
Khashuri -23.1 | -218 | -164 | -88 | -24|29| 59 | 47 | 0.1 -9 -16 | -21.4 | -23.1

Akhalkhalaki | -27 | -29.5 | -27.5|-222 |96 | -4 | -1.7 | -03 | -58 | -15.7 | -23.3 | -28.8 | -29.5

Akhaltsikhe | -27.8 | -24.3 | -21.4 | -10.8 | -4.8 | 0.5 | 3.3 | 3.6 | -29 | -13.2 | -18.6 | -244 | -27.8
Borjomi -195(-199 | -159 | -10.1 | -0.8 | 32| 71 | 62 | 1.1 | -46 | -10 -15 -19.9
Gori -26.1 | -235 | -15.1| -8.6 | -23|34| 67 | 51 |-08| -49 |-17.5]-20.1 | -26.1

Table 2. Mean maximal air temperature (°C)

Station I II I v v VI | VII | VIIl | IX X XI | XII | Annual
Akhalkhalaki | -1.6 | -0.4 | 3.9 | 113|163 | 195|232 |235|202| 139 | 7.2 | 09 11.5

Akhaltsikhe 25 | 46 | 106 | 174 | 21.7 | 248 | 28 | 279|244 18 10.8 | 4.5 16.3
Borjomi 4 59 104 | 16.6 | 20.6 | 23.8 | 26.6 | 26.6 | 23.1 | 17.3 | 11.3 | 5.7 16
Gori 41 | 58 | 11.3 | 178 |21.9 | 254|281 (276|239 | 178 |114| 6 16.8
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Thilisi 63 | 7.8 | 125 ] 189 | 23.6 | 27.7 | 30.9 | 30.1 | 259 | 194 | 133 | 83 18.7

Khashuri 28 | 43 | 99 | 16.8 | 21 |242 267|265 | 23.1 17 105 5 15.7
Paravani -41|-34 |03 | 7.1 |123| 156|185 | 181|155 | 10.1 | 39 | -1.7 7.7

Pasanauri 2 4 84 | 147 | 19 |225]253 (249|213 | 156 | 9.7 4 14.3

The east direction winds are prevailed here during the whole year in Borjomi, in Khashuri west, in
Skra east and west, in Gori, Tbilisi and Rustavi north-west and south-east winds are prevailed [5].

Table 3. Average monthly and annual wind velocities, (m3 /sec)

Station I II 111 v v VI vl | vIII | IX X XI XII | Annual
Borjomi | 3.0 32 2.9 2.4 1.8 1.6 1.5 1.6 1.4 2.0 2.2 2.5 22
Khashuri | 2.8 2.8 3.5 4.2 3.7 34 3.5 3.7 3.5 2.8 2.9 24 33

Skra 39 4.6 5.8 5.8 4.7 43 4.7 43 4.5 4.0 43 34 4.5
Gori 32 4.0 4.9 5.1 4.6 43 4.6 43 4.2 35 34 2.9 4.1

Thilisi 2.2 2.7 2.8 2.8 2.5 2.5 2.8 23 2.1 2.0 1.7 1.8 24

Rustavi | 4.4 6.0 53 4.9 52 54 6.0 4.9 4.5 4.2 3.1 34 4.8

Table 4.Multi-annual monthly and annual precipitation level, (mm)

Station I I I v v VI VII | VIl | IX X XI XII | Annual

Borjomi 40 40 42 56 81 88 55 48 53 59 54 37 653
Khashuri | 47 48 47 58 87 70 49 38 48 53 50 49 644
Skra 42 44 44 52 77 62 44 35 42 48 47 44 581
Gori 42 47 45 52 76 62 44 34 43 48 47 45 585
Kaspi 23 33 30 49 95 69 48 37 42 34 34 23 517
Thilisi 19 27 36 57 93 78 52 39 46 46 40 26 559

Rustavi 19 22 36 44 70 60 29 30 36 37 33 21 437

Total of annual precipitation level ranges between 653 mm (Borjomi) and 437 mm (Rustavi). The
month of May is especially prominent for the abundance of precipitations and in January its level is very
low. The precipitation level starts to increase from the month of April on each m/station and lasts until the
month of July. In July-August the level of precipitation is gradually decreasing, while in September and
October it increases again. The precipitation level is especially increased during the warm period (the VI-
X months) and it ranges between 61.3% (Skra) to 73.5% (Tbilisi) and the rest is distributed among the
months of the cold period.

The earliest date of snowfall in Borjomi, Khashuri, Skra and Gori is the 26th of October and in Tbilisi
in the 6th of November. The number of snow cover days to the direction of the Mtkvari River gradually
decreases from 67 (Borjomi) to 14 (Tbilisi).

Table 5. The max. decadal snow covers height in Winter period (cm).

Post Mean height from max. from decade | Min. from decade Max.. of Date
decade period
Akhalkhalaki 21.3 91 2 95 21-Feb-1990
Akhaltsikhe 13.6 71 1 89 2-Feb-1988
Borjomi 20.5 63 1 85 28-Nov-1964
Gori 11.3 45 1 63 3-Feb-1988
Thilisi 49 29 0 44 3-Feb-1988
Pasanauri 353 115 2 147 19-Jan-1976
Tsalka 20.9 70 1 85 11-Feb-1976
Khashuri 24.7 90 1 101 5-Feb-1988
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The climatic parameters variation conditions River Mtkvari hydrological regime. The water regime of
the River Mtkvari is characterized by high waters in spring as a result of the seasonal snow melting, by the
stable summer and low water in winter. The high water period downstream start in the middle of March
and its peak level is observed at the end of April and beginning of May and it ends in the beginning of
July. After the stable low water period in summer, the autumn stability is often violated by the peak levels
as a result of rainfall. The low water period in winter is characterized by long, low, stable levels and the
minimum level is observed in January-February. The river structure is mainly formed by: snow and ice
melting, rainfall and ground waters. 60% of the river water flows in the springtime (III-IV months).

Conclusion

The location of Georgia, its physical and geographical conditions, allow for a wide variety of meteo-
rological processes with appropriate thermal-barrier fields to reflect and develop this area. Thus, any
physical-mathematical model capable of describing microprocessors developed in individual regions is of
theoretical and practical value. The investigations of precipitation forming processes are important for
river flooding prediction that includes not only surface meteorological parameters investigation but also
upper atmosphere processes [6], where weather is formed. The climatic parameters evaluation is essential
for river water hydrological potential assessment and management for sustainable development.
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WINTER TOURISM DEVELOPMENT TRENDSIN GEORGIA
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Summary: One of the new tools that can be effectively used to hedge weather risks are derivatives of the weather
(forwards, futures, options and swaps on selected weather variables — temperature, rain, snow, wind, etc.) .In this
article, we will introduce the possibility of using weather derivatives in winter tourism — snowfall ahead — to insure
the tourism business. Our research is based on snowfall data from a ski resort in Georgia. We show that weather
derivatives can be an effective tool for hedging weather risks and reducing income volatility in the winter ski tourism
business.

Key words: winter tourism, snow cover

Tourism, which is one of the driving forces of economic development [1-6], has a number of risks. In
addition to foreign currency exchange and frequent fluctuations in prices for fuel and transport our
research shows that the tourism industry has become increasingly vulnerable to climate conditions in
recent years.

Mountain ecosystems are considered to be vulnerable to climate change, which can have a number of
negative effects of reducing winter seasons, glacier retreats and also reducing water resources. The winter
tourism sector is particularly vulnerable to climate change, while some resorts are expected to reduce the
length of the ski season and recreation zone. It is particularly important to determine the regularity of
changes in the climatic characteristics of winter resorts in order to determine the start and end dates of the
season in order to plan the development of mountain-ski tourism.

In order to study how snow conditions change in the light of climate warming for the two winter
observation periods in the winter tourist regions, we have identified two main climatic characteristics of
snow cover duration and maximum snow cover changes over a long period of observation 1956-2015.

The spatial distribution of snow cover parameters is significantly influenced by the location and
height of the tourist site. There is a significant decrease in the length of snow cover days during the study
period. Statistically significant change was observed mainly in the southern part of the region. It is
accepted that skiing is considered reliable with snowfall when the height of snow cover (artificial or
natural) exceeds 30 cm for 100 days no more than 7-10 years. According to studies, the largest changes in
snow cover duration are observed in December and March, while a significant change is observed only in
April. The maximum height of the snow cover was virtually unchanged during the survey.

The period of snow cover is determined by some of Georgia's winter resorts, for the three observation
periods I — 1956 + 1985 I — 1986 + 2015 and 1 I I-1956 + 2015. According to Student's criterion. This
parameter was set the regularities of change between the first and second periods I — 1956 + 1985 1I —
1986 +2015.

Particularly sensitive to climate change is mountain-ski tourism, the development of which is impor-
tant to consider aspects of climate change.

In Mestia, during the study period, the average snow season began on November 30 and ended on
March 19. The average duration of snow cover was 108 days. Snow coverage trend is negative. -Duration
of snow cover in period II decreased by 17% compared to period I.
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Table 1. Duration of snow cover characteristics at winter resorts.

. Season’s Season’s Season’s Duration Season’s
Station Years .. .
beginig ending days change % number
Mestia 1956-2015 30 Nov 19 March 108 32
1986-2015 26 Nov 2 March 95 -17 6
1956-1985 1 Dec. 28 March 111 26
Gudauri 1956-2015 23 Nov 5 May 162 35
1986-2015 29 Nov 3 May 154 -12 19
1956-1985 15 Nov 7 May 172 16
Goderdzi 1956-2015 8 Nov 10May 182 46
1986-2015 10 Nov 15 May 185 3 20
1956-1985 6 Nov 6 May 180 26
Bakuriani 1956-2015 26 Nov 28 March 122 35
1986-2015 19 Nov 17 March 118 -8 19
1956-1985 15 Nov 22 March 127 16

During the observation period in Gudauri, the average snow season started on November 23 and
ended on May 5. The duration of the snow cover was 162 days throughout the observation period. The
trend of snow cover is negative. During the second period the duration of snow cover is reduced by 12%
compared to the first one.

In Goderdzi, the average snow season for the observation period began on November 8 and ended on
May 10. The duration of the snow cover was 182 days throughout the observation period. The trend of
snow cover is positive — the duration of snow cover has increased by 3% compared to the first period.

In Bakuriani, for the observation period the snow season started on average on November 26 and
ended on March 28. The duration of the snow cover was 122 days throughout the observation period. The
trend of snow cover is negative. During the second period the duration of snow cover is reduced by 8%
compared to the first one.

The results show that the duration of the winter season in addition to climatic factors depends on
physical and geographical factors such as the location of the tourist site and the altitude. Evaluations are of
a benchmark nature, further studies are required.

In the future, climate change may significantly affect the length of the ski season. According to the
climate scenario, average temperatures are expected to increase every month compared to the baseline 30-
year period (2041-2070) compared to the baseline 30-year period (1971-2007) (Table 2). Precipitation
throughout the whole territory of Georgia, with the exception of a few low-lying stations, has reduced
precipitation. In the future, as temperatures rise and precipitation falls, snow cover will likely decrease.

Table 3. gives the statistical characteristics of the maximum snow cover depth in Bakuriani and
Gudauri from 1956 to 2015. As shown in this table, the average depth of snow cover in Bakuriani is
highest in February (61.3 cm) and minimum in June and September (0.1 cm). During the whole
observation period, the maximum depth of snow cover was 130 cm in Bakuriani in March 1956. The
average depth of snow cover in Gudauri is highest in March (115.1 cm), minimum in October (0.7 cm).
The maximum depth of snow cover at 330 cm in Gudauri was recorded in February 2008.

Table 2. Average temperature change (°C) in individual months
compared to baseline during the first forecast period.

. Month Season
Station - - Year
Oct. Nov. Dec. Feb. Mar. | Apr. | Spring | Autumn | Winter
Mestia 4.4 2.1 2.8 2.4 5.9 1.6 3.5 33 2.5 2.9
Gudauri 34 3.1 2.9 2.7 2.8 2.1 2.9 3.0 2.9 3.0
Goderdzi Med. 2.7 1.7 1.3 1.5 2.0 1.7 2.1 2.3 1.3 2.0
Bakuriani 2.8 2.6 1.8 2.1 2.3 1.7 2.2 2.7 1.9 2.1
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Table 3. Statistical characteristics of maximum snow

cover depth in Bakuriani and Gudauri 1956-2015.

Months Mean Min Max

Station Bakuriani Gudauri Bakuriani Gudauri Bakuriani Gudauri
Jan. 49.0 81.2 0 0 83 300
Feb. 61.3 99.8 0 0 112 330
Mar. 54.2 115.1 0 0 130 294
Apr. 23.9 91.9 0 0 109 260
May 2.3 37.6 0 0 23 312
June 0.1 0.0 0 0 3 0
July 0.0 0.0 0 0 0 0
Aug.t 0.0 0.0 0 0 0 0
Sep. 0.1 0.7 0 0 2 35
Oct. 4.9 6.8 0 0 28 50
Nov. 20.2 26.1 0 0 80 121
Dec. 35.2 55.8 0 0 70 244

Table 4 and Figure 1 provide the statistical characteristics of maximum snow cover depths in
Bakuriani and Gudauri.
In Bakuriani, from 1956 to 1985, a noticeable change in the average mean depth of maximum snow
cover was observed in January (decrease of 17%), in February (decrease of 19%) and in November
(increase of 17%) in 1986-2015. The average maximum depth of snow cover in Gudauri increased in April

Table 4. Change in mean depth of maximum snow cover between two periods

(18%) and
Bakuriani
Months | 1956— | 1986— | Change
1985 2015 %

Jan. 54 45 -17
Feb. 70 57 -19
Mar. 55 56 2
Apr. 22 23 5
May 18 21 17
June 30 30 0
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Gudauri
1956-1985 19862015 Change %
81 82 1
98 101 3
110 116 5
83 98 18
20 26 30
58 61 5

Fig. 1. Maximum snow cover depthsin Bakuriani and Gudauri.
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Summary: Using the Zimenkov-lvanov model of hail melting in the atmosphere and modern data on the level of zero
isotherm in Kakheti (Georgia), the critical size of hailstones in clouds that are not harmful to crops in the conditions
of this region was estimated (almost complete melting of hailstones near the earth’s surface at altitudes 250, 500,
750 and 1000 m). The calculations were performed for the average ten-day values of the heights of the zero isotherm
from April to October. In particular, it was found that the critical size of hailstones in clouds, almost completely
melting near the surface of the earth at an altitude of 1000 m and 250 m, respectively, varies from 0.73 to 0.92 cm
for the first decade of April and from 1.43 to 1.60 cm for the second decade of August.

Key Words: Hail storm, zero izotherm, hailstones thawing, hail size.

I ntroduction

Kakheti (region of Georgia) is one of the most hail-dangerous regions of the world [1,2]. In the last
century, until 1989, anti-hail works were carried out here [3]. These works were restored in 2015 [4-6].
The anti-hail service is equipped with the modern “METEOR 735 CDP 10 — Doppler Weather Radar”,
meteorological radar, with which it is possible to determine the size of the hail in the clouds [7].
Therefore, the problem arises of estimating the size of hail falling on the earth's surface, taking into
account their size in the clouds. These estimates are important not only for assessing the effectiveness of
the anti-hail service, but also for optimizing the system of warning the public about dangerous weather
events (it was possible to warn in advance in what place and at what size the hail would fall). Another
important aspect of this task is modeling the danger from the hail of territories taking into account the size
of the hail in the clouds, the level of freezing and the height of the terrain.

Such estimates were first made in [8], in which the Zimenkov — Ivanov model on hail melting in the
atmosphere [9, 10] and modern data on the level of zero isotherm in Kakheti [11] were used. Data were
obtained on the diameter of hail falling on the earth’s surface from April to October for all ten-day periods
of the indicated months. With the initial size of the hail from 1.0 to 5.0 cm and the height of the earth's
surface from 300 to 700, the final size of the hail varies from 0 to 4.88 cm.

This work is a continuation of the previous study. Results of calculations of the critical size of the hail
in the clouds, which do not harm agriculture in the conditions of Kakheti are presented below.

Material and methods

The Zimenkov — Ivanov model about the hailstones thawing in the atmosphere [9,10] and the
contemporary data about the freezing level in Kakheti during calculations of diameter of falling out to the
earth's surface of hailstones in the condition of this region were used (Fig. 1). Calculations for the heights
of area relief 250, 500, 750 and 1000 m are carried out.
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Fig. 1. Ten-Day Period Distribution of Freezing Level over Kakheti from April to October [11].

The following designations will be used below:
H — heights of area relief, meter; D, Cr — critical hail diameter in cloud, cm; Min — minimal values;
Max — maximal values; St Dev — standard deviation; Cv = 100-St Dev/Average — coefficient of variation,

%; Om - standard error; 99%(+/-) — 99% confidence interval of mean.

According to the TORRO Hailstorm Intensity Scale (http://www.torro.org.uk/hscale.php) hailstones
with the following diameters lead to the subsequent consequences: <0.5 cm — no damage; 0.5+1.5 cm —
slight general damage to plants, crops; 1.0+2.0 cm — significant damage to fruit, crops, vegetation; 2.0+3.0
cm — severe damage to fruit and crops, damage to glass and plastic structures, paint and wood scored;
2.5+4.0 cm — widespread glass damage, vehicle bodywork damage; 3.0+5.0 cm — wholesale destruction of
glass, damage to tiled roofs, significant risk of injuries; 4.0+6.0 cm — bodywork of grounded aircraft
dented, brick walls pitted, etc.

In our calculations, the critical size of hailstones in the clouds corresponded to the hailstone diameter
at the earth surface <0.1 cm (small graupel or complete melting).

Results and discussion

The results of calculations in the Table and in Fig. 2 are presented.

As follows from Table, on the whole the critical diameter of hailstones in clouds non prejudiced to
agriculture at the ground level with height 250 m varied from 0.92 to 1.6 cm, and 1000 m — from 0.73 to
1.43 cm. Mean values of D, Cr varied from 1.11 cm (for H=1000 m) to 1.29 cm (for H=250 m).

Table
Statistical Characteristics of Critical Size of Hailstones in Clouds non Prejudiced to Agriculture on the Various
Elevations in Kakheti in Different Ten-Day Period from April to October

Elevation, (H) 250 m 500 m 750 m 1000 m

Min 0.92 0.85 0.79 0.73

M ax 1.60 1.54 1.49 1.43
Mean 1.29 1.23 1.17 1.11

St Dev 0.22 0.22 0.22 0.23
Cv,% 17.1 18.0 19.1 20.4

om 0.05 0.05 0.05 0.05

99% (+/-) 0.13 0.13 0.13 0.13
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Fig. 2. The Critical Size of Hailstonesin Clouds Non Prejudiced to Agriculture on the Various Elevationsin Kakheti
in Different Ten-Day Period from April to O

Fig. 2 provided detailed information on the Do Cr values for various ten-day period from April to
October. In particular, these data can be used to compile detailed hail hazard maps on the territory of
Kakheti for different seasons.

Conclusion

Over the long term is planned performing analogous work, also, for other regions of Georgia.
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CHANGE OF HEAVY METAL CONCENTRATION IN SURFACE WATERSAND SOILSOF
EAST GEORGIA CONSIDERING THE ANTHROPOGENIC IMPACT

Shavliashvili L., Intskirveli L., Bakradze E., Kuchava G., Buachidze N., Mdivani S.

Summary: The concentrations of heavy metals (copper, lead and silver) in the surface waters and soils of eastern
Georgia were studied taking into account anthropogenic impact for the period 2017-2019. It is shown, that the
priority soil contaminant in eastern Georgia is copper, followed by lead, and silver concentrations are not
significant. As for the content of heavy metals in the waters of water bodies, it is within the normal range and does
not cause pollution.

Key words: heavy metals, pollution, soil, surface water.
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NUMERICAL MODELING OF THE ANTHROPOGENIC DUST
TRANSFER BY MEANS OF QUASISTATIC AND
NON-QUASISTATIC MODELS

““SurmavaA., "Gigauri N., Kukhalashvili V., "Intskirveli L., Mdivani S.

" M. Nodia Institute of Geophysics, |. Javakhishvili Thilisi State University, Thilisi, Georgia
" Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia
intskirvelebi2@yahoo.com

Summary: Kinematics of the anthropogenic dust propagation emitted into the atmosphere by big cities and separate
sources using numerical integration of the system of three-dimensional non-linear quasistatic and non-static equations
of atmosphere hydrothermodinamics and equation of dust transfer-diffusion in the atmosphere are studied. It is
obtained through modeling that kinematics of a dust propagation obtained by quazistatic and non-static equations
have both common and different features. In case of beta- mesoscale diffusion, which is described by means of
quazistatic equations, advective diffusion plays the key role in the dust transfer process of. In case of gamma-
mesoscale diffusion, which is described by means of non-static equations, the major role in the process of dust
transfer, is played by convective diffusion.

Key words: Dust, Thilisi atmosphere pollution, numerical modelling.

I ntroduction

Modeling of atmospheric air anthropogenic polluton in big towns and industrial centers, study of
peculiarities of its spatial and time distribution is one of the topical problems related to human health and
environment protection. Polluting sources are numerous, and their origination sources (wWww.eea.europa.
eu/themes/air/air-pollution-sources), transformation kinematics and propagation dynamics [1] are diverse.
Respectively, the mathematical models describing wide range of the problem from local one to global-
scale processes are multifarious. One of the research directions is a propagation of polluting ingredients
from separate sources at the territories of local scale and beta-mesoscale areas. Mathematical systems
describing local propagation of ingredients use semi-empirical methods, stationary or non-stationary
Gaussian models or rest on numerical integration of Navier-Stocks’s nonstationary nonlinear non-static
equations on the high-definition numerical grid.

Empirical system of atmosphere pollution assessment became widely used in Georgia and post-Soviet
countries [2]. It is used for assessment of environment pollution extreme level, maximum permissible
exhausts and common pattern of contamination and doesn’t reflect the local features of pollutions caused
by separate sources.

The goal of the presented work is to investigate a process of dust diffusion by the non-static (on a grid
with very high-definition 10-20m ability) and quasi-static (on a grid with high-definition 800m ability)
equations of the atmosphere hydrothermodynamics and equation of transfer-diffusion of substances.

Resear ch methods and ways of solution

Experiment 1. Thilisi dust propagation in the atmosphere is simulated by means of regional model of
meteorological fields evolution and polluting substances propagation. Pollution source is presented by
dust available in Tbilisi, and major source of its origination is motor transport operation. Maximum value
of dust content in the atmosphere sometimes 2 or more times exceeds the corresponding maximum

134



permissible concentration (MPC = 0,5 mg/m’) (nea.gov.ge/ge/service/garemos-dabindzureba/7/biulete).
Modeling is conducted at the territory of 94x72 sq.km area, in the centre of which Tbilisi is located.
Taking into account geometrical dimensions of the territory, a complete system of equations of
atmosphere thermodynamics in quasistatic approximation is used. Horizontal step is 800, and vertical step
is 300 m. Meteorological conditions are in compliance with a light eastern wind, when background wind
velocity is changed from 1 (at 2 m height) to 15 m/sec (during tropopause).

In Fig. 1 there are shown dust concentration and wind velocity fields against the background of Tbilisi
region terrain at 2 and 100 m height from ground surface, when t = 0 h. Concentration value is given in
units of maximum MPC.

Fig. 1. Distribution of region terrain height, dust concentration isolinesand
wind velocity vector at 2 and 100 m heights from the Earth surface, whent =0 h.

As is seen from Fig. 1, at 2 m height maximum dust concentration 1-2 MPC is obtained in urbanistic
part of the city. Dust concentration around this part rapidly decreases and in the eastern, western and
southern parts within 2-3 km band drops down to 0,001 MPC. In the north-west part of the city under the
influence of weak south-east air flow formed along the Mtkvari River valley dust pollution propagation
takes place approximately in 1-2 km band. In this part concentration is getting smaller from 0,1 MPC to
0,001 MPC. The similar distribution of concentration is obtained at 100 m height from earth surface. This
difference is quantitative. Dust concentration above the urbanistic part of the city varies within 0,1-1 MPC.

It is obtained by modeling, that local wind velocity and at the same time dust advective transfer
increases by t = 12 h both in surface layer of atmosphere and in the boundary layer of atmosphere. Dust is
preferentially distributed in north-west direction throughout Kartli plain located along Mtkvari River. Dust
pollution cloud is of ellipsoid-shaped form. At 2 m height Tbilisi dust is distributed approximately over 10
km distance, at 100 m height — 12-14 km and more than 30 km distance — at 600 m height. Obtained dust
concentration distribution shows that in the surface layer of the atmosphere the vertical turbulent dust
diffusion prevails, while above 100 m height horizontal advective dust transfer increases along with
increase of altitude.

Local circulation in the boundary layer caused by daily thermal regime predetermines change in wind
velocity vertical distribution. Convective ascension of warm air masses originated in the vicinity of Tbilisi
takes place in evening and night hours. It is substituted by the air cooled in night hours at surrounding
mountain slopes. Formed mountain-plain circulation, along with the terrain form existing in the vicinity of
Thilisi, originates north-west wind in the lower 200 m atmospheric layer. As a result of described
thermodynamic process the dust propagation direction is changed and in the 200 m thick surface area it is
transferred in south-east direction throughout plain territory located along Mtkvari River valley (Fig. 3).
At higher altitudes the terrain impact on local circulation gradually reduces and in 600-150 m high layer a
dust is transferred westward in the form of narrow 16 km width band.
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Fig. 2. Distribution of region terrain height, dust concentration isolinesand
wind velocity vector at 2, 100 and 600 m height from the Earth surface, whent =24 h

For the next 24 hours dust diffusion process is repeated on a quasiperiodic basic, during which dust
transfer direction in the surface layers of the atmosphere is changed from south-east to north-west one. Dust
transfer in the upper part of the surface layer occurs in the direction of background wind — i.e. westward.

Experiment 2. The process of local diffusion (gamma-mesoscale diffusion process) of dust emitted
into the atmosphere from two basic sources located at 22 and 42m heights is investigated. For numerical
modeling the system of non-static full equations of atmospheric hydrothermodinamics is used [3]. The
domain of modeling is 800m x 800m. In the center of domain two sources of pollution are located at 22
and 402m heights.

Spatial distribution of dust concentration obtained through calculations during background calm air,
when thermal convection is the main mechanism of dust propagationis is shown in Fig. 3 and 4. It is seen
from this figure that after emission from gas-cleaning systems a dust is propagated in the atmosphere in
the form of two vertical cylindrical streams independent from each other.

Fig. 3. Dust concentration isolinesin the atmosphere during calm air at 10, 50 and 450 m altitudes

The basic dust mass (with concentration >0.1MPC) is distributed in the narrow area, which is getting
wider and unites (gets together) approx. at 200-350 m height. Cylindrical column spread angle varies
within the limits of 5-45°. At the higher levels a dust pollution cloud is of “mushroom”-like shape that is
caused by origination of vertical vortex in the process of convection.

Concentration > 3 MPC is obtained directly above the emission site in a 100-meter column. Concent-
ration value 0.01-0.1 MPC is obtained at the significant territory of modeling area, at 10, 50m heights
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from the Earth surface and higher. We got low dust concentration 0.5-0.01 MPC close to the Earth surface,
within 10 meters, around the waste treatment facilities of the source. 1. In the vicinity of relatively higher
waste treatment facilities of the source No. 2 dust concentration 0.1-0.01 MPC is obtained at substantially
smaller area.

Spatial pattern of concentrations obtained through calculations is formed by velocity distribution
peculiar for thermal convection (Fig.4).

Fig. 4. Dust concentration isolines and wind velocity vector projectionsin
XOZ planes passing through treatment facilities

It is seen from the figures that the emitted warm gas and dust mass cause development of thermal
convection. Formation of a powerful vertical stream is peculiar for them. Clearly defined convergent zone
is formed in the 350m thick stream layer, and intensification of vertical motion and dust transfer to the
upper layer take place. Above 350m air convergent stream gradually turns into divergent one, vertical
velocity is getting smaller, wind is increased in horizontal direction and dust horizontal diffusion process
is getting more intense. In the middle part of the modeling horizontal and vertical vortexes of wind
velocity are formed, the unity of which creates a complex pattern of spatial annular stream. The maximum
value of wind velocity 6 m/s is obtained in the convectional vertical stream.

Motion kinematics shows that dust propagation in the central part of the modeling area occurs
resulting from convective, advective, vortex processes and turbulent diffusion. The contribution of
convective transfer and vertical turbulent diffusion in the vertical plane is roughly the same. In the
horizontal plane a vortex turbulent diffusion prevails compared to an advective transfer.

Gas emitted from waste treatment facilities changes atmosphere temperature in the vertical cylindrical
area located near to the source (Fig. 4). Temperature change is minimal close to the earth and maximal in
the vicinity of aeration lanterns. Warm air column penetrates through the space up to its upper limit. At the
450m height the maximum value of ambient temperature perturbation reaches 5°C.

Acknowledgment. The work is performed with funding from grant project NeFR-3667-18 of Shota
Rustaveli National Science Foundation.
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&9bboyma §ndnb bgaMm 306 3nmammo ol mboob LobEmmM3ol baboo gmabrgds [2, 8].
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g LobGg3ob gMbgomca babBgdolb s@Mbgdoom (33momgdasl [3, 5, 9].

0©53056980bmgal 40-45 g(30dgmo dIm3mmmdolb bIsyMo 0ol gobdsgmmdado bagbgdom
sbo@obns, msdg 30 gb 85h39690gm0 35 ®g(30dgmody 3(300®gds. Lonb@gMmgbms ol g,
6m3d dagmol ogdol domngfo ddabomg s©dnsbl 10-14 gndgmom BGm ©sdsma odsl,
3000609 — gbobgmb [3].

bmgmomb gobs(330L MMasbabsz0al My3mdgbrs(znom, bIsyMal dojbodsmyMow ©obad-
3900 ©@mMbg 85 g(3009m0s. 33obmsbagyg, sbgom b3oy@nsb gomgdmdn 8 Losmdg dg@bobl gohg-
90s 36 dgadmgds. o9 bdomeo 100 g30d9mdg omamos, sbgm gomgdmda 15 baymdg 398
bobl @omhgbs Mg3m3gbogdama o6 560l [5, 6, 7].
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000 (0mbnbdogdgdals go@omgds [3].

138



Rggbo 33mg30L 30bobl BomImomagbrs Jomogd cmgmogdn gmbymo b3snMalb dohz9bgdmals
30a965 5 0dol 3obbadEgMs, M) Medgbsm dggbadadgds Jomaddo mab Lbgswabbgs Imbs 3-
39030 gmbyMo bdom@al mby bm@mdsl. 30Bbab dabombggew dgzomhogo Jomsd ogmogdo b3o-
0L Embolb gobabdmdo mm3s(30900, Losy 3dMIsg00 FmbyMma bIsyMal EmMbal bsdmEabs
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a0bbmM(309mEs 3 mdngd@dg: 1. mgmogal d5bMob dodwgdadg GgMndmmns; 2. mgmagal (396-

&M0 — boosgadob dmgsbo; 3. 3B MMl s obzgbgdol 306 30 ,6own 3goMn".

bGoo Ne2. b3snFal @mbggda Joemsg mgmazdo bagbyymal Lybdmbdy

330m3Eg83Mgmads/ | bdsnMoa (0d) | bIsnMo (©d) | bIsyMa (0d) b3dsMab Bys@mmgda
$9(393@™Ao 9°-11%%bo | 13”15 b | 18%-20% Ln
ogmsgob dabDMal Lo@MobL3MEMEm Ladmseg-
dndgdatg 42-45 55-57 36-37 3980l oMM gammotimemo
&gFoGmMos dmd@momds. bambaly
bdodomama bayydatn
Lo@MobL3mMEMEm Ladmseg-
ogmsgab (396@60 — 40-43 52-53 34-47 3980l sFsMgammammo
boosgadal dmgwsbo dmdMomds. 50530569500
bdodomama bayydatn
3NEMob s 505305679800 o (3bmgzg-
©50b396980b 30630 32-35 40-43 48-52 90l dogf ao8m(353mo
,0500 33560 bdgdo. 3mddgwo s@Mags0-
mbgdal bdgdo.

139




le)335.>. 33mg30L dgmgasm Jgazndmas ©o30Lb330600, EM3 Jomogd ogmegdo bdsym@ol ©mbab
gmbyma  8shg9b9dgmo  LydmbyMom a33mgds, JgMdmE, asEomgdom  domamos  Dogbamda, o3
LEmmos dmbgdngsm dgadmgds dognhboma s Jgoamgdom @sdamns Dodmamda. 830l dombrsgsw,
gmbyMo b3smEob mby Jomeddo dmgmo emal go63s3mmdsedn, Dogbamolb s DodGEMalb bydmbdy o
0Fomdgdl Dz abedggd bm&madsl, Moz badomggmmb dmagmmdal 2017 Bemol 15 sg30b@mL Ne 398
omagbomgdom domgdemn Mgamodgb@om sMab aobbadmammmoa. ymggmogg Dgdmom mddmmo agedmyszl
030b  Loggmdggmb, Gm3 Jomodo mgmego dogzoRbomo bybsm, 8dg0m mmzsznalb sgomem, bLows(s
3bmgMgds ©d wobggbgds Bemob Bgdobdng®m LybdmbDg yggms ozbmzMgdmabs s GMobGabogzal
Laby@ggemo s 808bowzgmos.

@aBIAIGYMS

1. Jogons a. 39Mg8mb a(330L ggmemaan&o 360b6(3039d0.// mdamobo 2008.

2. ,xo63Mngmmdal @s338" bGoMabGogndo (36mdsta, 2012.

3. 3bgdcng0 aoMgdmb gmbamo dpgmdastgmds (6sbama 2), 2017.

4. b3smmab smbg@ms s dgi3obyds. // BS 7445-2, 2003.

5. Logommggmmb dmogmmdab momggbomgds Ne 398, 2017.

6. The top 10 causes of death. // Updated July,2013.

7. Air Quality Guidelines, WHO, 2005.

8. http://www.education.ge/index.php?do=definition/view&id=627

9. http://www.who.int/mediacentre/factsheets/fs310/en/index.html

10. http://www.euro.who.int/en/health-topics/environment-anhealth/airquality/publications

NOISE POLLUTION LEVEL IN TELAVI
Davitashvili M.D., Margalitashvili D.A., Nadiradze T.G., Azikuri G. Sh.

Summary: Noise is a combination of sounds of different frequencies and levels, which interfere with the perception
of useful sound signals and cause undesirable, irritating effects on the human body. The paper investigates
background noise levels during the summer and winter seasons in Telavi, at the same time, and it is concluded that
the background noise level in Telavi does not exceed the permissible standard. Therefore, Telavi can be considered
asone of the quiet and attractive cities of Georgia for tourists.

Key words: noise, calibrator, celtic area.
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30b o oo dmnb dogn degal g3mbob@gdobsmagal [1-3].
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141
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POLLUTION OF THE WORLD OCEAN (WITH FOCUSING ON THE BLACK SEA) BY OIL
PRODUCTSAND MARINE LITTER. MONITORING AND FORECASTING

Demetrashvili D., Kvaratskhelia D.

Summary: A brief overview of the current state of the world ocean pollution by oil products and marine litter, their
monitoring and forecasting issues are presented. Certain attention is paid to the modern state of the Black Sea
pollution and the mathematical modeling of oil spillages. It is noted that pollution of the seas and oceans by marine
debris, most of which is plastics, is a huge danger to humanity in the future.

Key words. satellite radar, oil dick, mathematical model, Black Sea.
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OVERVIEW OF RADIOECOLOGICAL RESEARCH IN SOME
CURRENT AREAS OF GEORGIA

Matiashvili S.

Summary: Scientists are studying radiation hygiene and their goal is to reduce the harmful biological effects of
radiation on humans and other living organisms, environmental conditions. In particular, the distribution, migration,
and nature of radioactive substances should be studied. Participation in the biological chain through which exposure
to radiation and ionizing radiation on the human body should be designed and implemented to protect against
exposure to environmental contaminants and work sites. Sudies in this regard will continue to be continued by us.
Future resultswill be in the form of articles. The following study areas are the Vaziani and Zestafoni Current zones.

Key words: radiation hygiene, radioactive substances.
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COMPARATIVE ANALYSISOF THE SURFACE OZONE
CONCENTRATION IN TBILISI AND AT KISLOVODSK
HIGH MOUNTAIN STATION

"Kekenadze E., “Kharchilava J., " Chkhaidze G., " Senik I.

"Sate Military Scientific-Technical Center “ DELTA” , Thilisi, Georgia
“"Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi Sate University, Thilisi, Georgia
" A.M. Obukhov Institute of Atmospheric Physics of Russian Academy of Sciences, Kislocodsk, Russia

Summary: A comparative analysis of monthly average data on the surface ozone concentration in Thilisi and at
Kislovodsk High Mountain Sation (KHMS) from 1989 to 2013 is carried out. In particular, it was found that the
ozone content on KHMS is on average 2.6 times higher than in Thilisi (2.2 times higher in March and April, 4.1
times higher in December). The variability of ozone concentration in different months in Thilisi is higher than on
KHMS (the coefficient of variation in Thilisi varies from 16.5 to 32.2% in June and November, respectively, and in
Kidlovodsk — from 7.0 to 12.7% in February and July, respectively). Both in Thilisi and on KHMSthereis a tendency
to decrease in the level of surface ozone in all months of the year. However, in Thilisi this trend is higher than on
KHMS. So, in 2002-2013, compared with 1989-2000, in Thilisi the ozone content decreased from 10.3 to 46.8% in
July and November, respectively, while on KHMS it decreased from 6.5 to 13.7% in August and November,
respectively.

Key Words: Surface ozone concentration.

Introduction

Atmospheric ozone is one of the most important species defining the quality of life [1-3]. Therefore,
special attention in many countries of world, including in Georgia and in Russia is paid to studies of
atmospheric ozone [4-11]. Special attention in the study of surface ozone variability is spared to remote
sites including high mountains [2,6,8,9], and also in the strongly contaminated locality [1,3,5,7,10-12].

The ozone concentration in the lower troposphere, especially in the atmospheric surface layer, varies
widely depending on photochemical processes, horizontal advection, intrusions of stratospheric air, vertical
mixing, dry and humid deposition, etc. At high-altitude stations located above the planetary boundary
layer, anthropogenic factors manifest themselves only slightly. Accordingly, the comparison of variations
of the surface ozone concentration of under the conditions of the strongly contaminated locality and under
the ecologically clean conditions (for example, high mountain region) always drew special interest [8].

In this work a comparative analysis of monthly average data on the surface ozone concentration
(SOC) in Thilisi and at Kislovodsk High Mountain Station (KHMS) from 1989 to 2013 is carried out.

Material and methods

The regular researches of surface ozone concentration in Tbilisi (41.72 °N, 44.78 °E, height — 436 m
above sea level) are conducted by the Mikheil Nodia Institute of Geophysics from 1980 to present time.
Thus, since 1984 there are data of the continuous series of ozone observations. The measurements of
ozone were conducted by the electro-chemical ozone instrument OMG-200 [1].

At the KHMS (43.7 °N, 42.7 °E, height- 2070 m above sea level), SOC measurements have been
performed since 1989 with a Dasibi 1008-AH gas analyzer described in [2, 6, 8]. This device has an
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automatic correction of temperature and pressure dependence. Its sensitivity is 1 ppbv and its accuracy is
1-2 ppbv. Air was taken at a height of 3 m above the ground level.

Data about mean monthly values of SOC from 1989 to 2013 were analyzed with the use of standard
statistical methods. The following designations will be used below: Mean — average values; Min — minimal
values; Max — maximal values; St Dev — standard deviation; R? — coefficient of determination. Comparison
of mean values of SOC in two period of time (1989-2000) and (2002-2013) was produced with the use of
Student's criterion with the level of significance a not worse than 0.15.

Results and discussion

Results in Table 1 and Fig. 1-5 are presented.
In Table 1 statistical characteristics of mean monthly and annual values of SOC in Tbilisi and at the
KHMS are presented.

Statistical Characteristics of Monthly Mean Surface Ozone Concentration in Tbilisi and falet
on KHMS in 1989-2013 (ppbv)
L ocation Thilis KHMS

Month Min | Max | Mean | StDev | Cv,% Min M ax Mean | StDev | Cv,%
Jan 4.4 22.5 13.1 4.2 32.0 34.5 46.7 40.7 32 7.8
Feb 10.1 234 16.4 4.1 25.0 39.7 51.7 44.0 3.1 7.0
Mar 11.6 30.0 20.6 4.9 23.9 37.4 56.1 46.1 4.3 9.4
Apr 14.1 30.3 21.3 4.7 22.1 36.3 53.1 47.1 4.4 93
May 12.1 27.0 20.4 44 21.8 37.4 56.3 47.5 4.8 10.1
Jun 12.9 26.7 20.2 3.3 16.5 36.8 59.0 45.7 5.3 11.6
Jul 12.6 27.7 20.5 3.6 17.6 36.4 63.1 47.3 6.0 12.7
Aug 11.9 25.8 19.3 3.9 20.3 35.9 57.9 47.5 5.7 11.9
Sep 10.2 25.1 17.7 3.4 19.3 27.8 48.4 40.8 4.8 11.8
Oct 8.0 242 154 4.1 26.6 27.7 47.7 37.6 4.7 12.5
Nov 6.9 21.3 12.9 4.6 352 31.2 45.6 383 39 10.1
Dec 4.5 14.8 9.5 3.1 33.0 332 45.5 38.8 33 8.4
Y ear 4.4 30.3 17.3 5.4 314 27.7 63.1 435 5.8 13.4

As follows from this Table monthly mean values of SOC in Tbilisi changes from 9.5 (December) to
21.3 (April) ppbv, and on KHMS - from 37.6 (October) to 47.5 (May, August) ppbv. Range of
changeability (Max — Min) of monthly mean values of SOC composes: in Tbilisi — 25.9 ppbv (4.4 ppbv in
January and 30.3 ppbv in April); at KHMS — 35.4 ppbv (27.7 ppbv in October and 63.1 ppbv in July). The
variability of SOC in Thilisi is considerably higher than at KHMS. Accordingly, values of Cv in Tbilisi
varied from 16.5% (June) to 35.2% (December), and at KHMS — from 7.0% (February) to 12.7% (July).
Mean annual value of Cv in Tbilisi 1s 31.4%, and at KHMS — 13.4%.
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Between SOC in Thilisi and at KHMS linear correlation and regression is observed (Fig. 1). Intra-
annual variations of SOC in 1989-2013 in Tbilisi has the form of the third power polynomial, and at
KHMS - the fifth power polynomial (Fig. 2).

Fig. 1. Linear Correlation and Regression between SOC in Thilisi and at KHMS (All Data).

Fig.2. Intra-Annual Variations of SOC in Thilis and at KHM Sin 1989-2013.

Fig. 3. Ratio of SOC at KHM Sto Thilisi
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As follows from Fig.3 the ozone content on KHMS is on average 2.6 times higher than in Tbilisi (2.2
times higher in March and April, 4.1 times higher in December).

Fig. 4. Variations of monthly mean SOC in Thilis and at KHM Sin 1989-2013

Trends of monthly mean SOC in Tbilisi and at KHMS in 1989-2013 are negative linear (Fig. 4).

Fig.5. Difference between Monthly Mean SOC in 2002-2013 and 1989-2000 Relative
to SOC in 1989-2013 in Thilisi and at KHM S.

Difference between monthly mean SOC in 2002-2013 and 1989-2000 relative to SOC in 1989-2013
(Fig. 5) in Thilisi varied from -10.3% (July) to -46.8% (November) and at KHMS — from -6.5% (August)
to -13.7% (November). So, in the indicated period of time the decrease of SOC in Tbilisi occurred more
intensive than at KHMS.

Conclusion

In the immediate future is planned conducting the more detailed comparative analysis of the data
about SOC in Tbilisi and at KHMS with the use of statistical methods for the non accidental series of
observations.
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ASPECTS OF SURFACE MONITORING OF ENVIRONMENTALLY “DANGEROUS’
METEOROLOGICAL PHENOMENA IN GEORGIA

GuniaG.

Summary: For the purpose of distinction meteorological phenomena contributing to environmental pollution, in the
practice of environmental monitoring entered and determined the values of the parameters of atmospheric pollution
potential (APP) and the concepts of “dangerous’ meteorological conditions, contribute of high atmospheric
pollution were introduced. These include: "very high" APP values, wind directions that promote the transfer of
harmful impurities fromindustrial areas towards settlements, fogs, stagnation of air, surface and elevated inversions
of temperature and hair dryers meteorological phenomena in Western Georgia. It is shown, that hair dryers have the
considerable impact on air pollution level in the conditions of highlands. Their consideration in regional researches
of air pollution will significantly increase the accuracy of environmental assessments of the state of the environment.
The conclusion is made that this meteorological phenomenon should be attributed to regional “ dangerous’

meteorological conditions that contribute to increased atmospheric pollution.

Key words: “ dangerous’ meteorological phenomena, hair dryers
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METEOROLOGICAL OBSERVATIONSAT THE AUTOMATIC WEATHER STATION OF
IAKOB GOGEBASHVILI TELAVI STATE UNIVERSITY

Elizbarashvili E.Sh.

Summary: The observational data of the automatic weather stations of lacob Gogebashvili Telavi Sate University
are analyzed. Average climatic characteristics were obtained for a short period, their course in different months and
the dependence of relative humidity on air temperature were studied. Hot days and tropical nights were revealed
during the summer of 2019.

Key words: temperature, humidity, hot day, tropical night.
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TBILISI STATE UNIVERSITY EXTREMELY LOW FREQUENCY
RADIATION RESEARCH NET (ELFTSU NET)

*Gheonjian L., " Paatashvili T., *Oragvelidze M ., * Tsotskolauri P.

* |vane Javakhishvili Thilisi State University, Thilisi, Georgia
** Abastumani Astrophysical Observatory of [lia State University, Thilisi, Georgia

Summary: A new instrument had been devel oped for observation of extremely low frequency (ELF, 300-3000 Hz) radio
emission from natural sources related to seismic activity. We improve the design used for decades at Abastumani Astro-
physical Observatory. This equipment was designed to study ELF earthquake precursors. We discuss the advantage to
use the frequency of observations below the critical frequency of the ionosphere. The monitoring of the state of tectonic
faults system in Caucasus requires dense network of stations equipped by identical, standardized receivers. Thilis Sate
University Extremely Low Frequency Radiation Research Net (ELFTSU Net) is a project of Electrical and Electronics
Engineering students. Sudents take part in the design and in the testing, also in the process of preparing documentation
and modéls for its industrial production. The student expedition has collected various data of phenomena. These data
are compared with the level of urban e ectromagnetic background. We have devel oped the modular concept of standard
observation station which provides the possibility to choose the most convenient configuration required by the specific
characteristics of the fault and the operating and maintenance conditions. The station is completely autonomous, can
accumulate and transmit data and have significantly improved noise characteristics.

Key words — extremely low frequency (ELF) radio observations, earthquake ELF precursors, EM waves and appli-
cations.

1. INTRODUCTION

Thilisi State University Extremely Low Frequency Radiation Research Net (ELFTSU Net) is a project of a
network of Extremely Low Frequency (ELF, 300-3000 Hz) receivers for Caucasus tectonic faults system state
monitoring [1-3]. It uses a new instrument, which has been developed for reception of ELF radio signals from
sources related to seismic activity and is improved version of instrument, which was used for decades at
Abastumani Astrophysical Observatory by which have been registered earthquake precursors [4].

Extremely Low Frequency Thbilisi State University Net (ELFTSU Net) is conceived as a base for scienti-
fic and educational activity of Electrical and Electronics Engineering students in practical analog and digital
electronics, different sensor signal processing and transmission, modeling of natural electromagnetic
phenomena and corresponding observational system, organization of scientific data collection networks.

The scientific concept of the project concerns that the seismicity of Caucasus geographical region
includes external triggering and synchronization mechanism of earthquakes [5]. The Earth’s luni-solar
solid tide tension modulates tectonic tension of charging/discharging process of faults system. In
accordance with the concept of self-organizing criticality [6], the energy discharge of fault, or earthquake,
is an unpredictable phenomenon determined by entire system development. However, tension external
modulation synchronizes the triggering moments with tides and discharge favorable critical time intervals
are computable and observable.

There is a principal possibility of predicting earthquakes occurrence probability and power by moni-
toring the evolution and critical state of appropriate physical variables of tectonic faults system. Various
studies [7-10] show that ELF radiation measurements at fault sites should be considered as the mean for
monitoring seismic region critical state.
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The phenomenon of seismic ELF generation is very complicated. Our experience and observations [4]
also shows that the ELF radiation can be regarded as the product of tectonic fault activation and can be used
for analysis of Caucasus fault system state.

For example we represent signal behevior observed in Abastumani before, during and after big
earthquake. The M6.0 earthquake occurred near city Oni (Georgia; 2009/09/07 22:41:36.5 UTC; 42.66 N,
43.42 E; depth — 10 km; distance — 100 km from Abastumani). The ELF signal related to this strong event
were recorded during the month befor and the month after earthquake (Fig. 1).
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Fig. 1. Therecord of ELF radio emission before and after M6.0 earthquake (the magnitudeis
presented in receiver scale). The arrow indicates the time of the Oni M 6.0 earthquake,
subplot —distance and time of quakes, stars—M>4 after shocks.

Firstly, two phases of phenomena are clearly separated. They can be called disturbed and calm. A
clear sign of calm is a clear daily variation of the signal. For this record one can distinguish some chara-
cteristic phases:a change of the shape of the diurnal variation of the signal, an increase of the noise compo-
nent; a sharp decrease of noise before the main shock of earthquake; a sharp increase in both the noise and
diurnal variations during big aftershoks; Restoration of calm.

2. THE CONCEPT AND STRUCTURE OF EL F OBSERVATION STATION

We develop dense network of standardized ELF 0.3-3 kHz receivers with high technical parameters.
The central frequency of this band — 0.8-1 kHz corresponds to half of critical frequency of the waveguide
formed by the Earth’s surface and the lower edge of the ionosphere located at the altitudes of about 100
km. The ELF radiation on this frequency does not propagate in the waveguide Earth-lonosphere and in
this frequency range it is possible to receive a signal only near its source. Our sources are tectonic faults.

Caucasus geographic region can be represented as a network of natural transmitters, and the observa-
tion network should be represented as a network of associated standardized receivers. The scientific and
practical result of the network will depend on its density and uninterrupted long-term work. This estab-
lishes high technical requirements for receivers and their life support systems.

Modern analog and digital electronics make it possible to easily create complex and reliable systems.
In the practice of scientific research, it is very important to adapt the technical means optimally to the task
to be solved. It is necessary to identify the main modules of the device responsible for measuring the
physical variables of the observed phenomenon, and additional, complementary modules supporting the
functionality of the main ones.

The technical uniqueness of our task is determined by the following contradictory circumstances:

e The signal of interest to us is a natural electromagnetic noise accompanying tectonic processes and in
contrast to the known radio engineering methods, the extension of the frequency band of our receiver
improves the reception conditions of the signal of interest to us.

e The frequency range chosen by us is extremely unfavorable for the propagation of the electromagnetic
signal, but this circumstance makes it possible to significantly improve the spatial selectivity of the
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network. If the receiver is on a tectonic fault, the conditions for receiving a signal from it are most
favorable. Geological data should be used to determine the locations of the ELF network stations.

There is still an emphasis on the development of expensive space monitoring systems, although the
development of electronics and communications has made geophysical projects so cheaper that land-based
earthquake precursor monitoring projects will compete with space projects.
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Fig. 2. Themodular structure of ELFTSU Net station isrepresented by core modules and complementary modules.

Figure 2 represents the modular structure of ELFTSU Net station. The core modules are receiver
antenna and preamplifier with scale amplifier, matching signal with dynamic range of analogue to digital
converter. Our preamplifiers are instrumental amplifiers — the best technical solution in accordance with
our objectives. Each modification has the gain equal to 1000 and differs by internal noise characteristics.

Different modifications of receivers will be offered to different groups of project participants for
solving different tasks:

e  Station with amplifier modification based on low noise operation amplifier may be offered to project
participant Universities and students as kit for electronics and signal measurement study.

e The modification with an integrated high-quality amplifier significantly reduces the length of the an-
tenna, allows deploying stations with two antenna and receivers to determine the direction to the
signal source.

e The modification with amplifier based on ultralow noise operational amplifier has unique electrical
parameters acceptable for precise observations, for example the ELF Earth eigenmodes.

The purpose of other modules is clear from Fig. 2. It is sufficient to perform one single measurement
of the average value of the signal rectified and integrated in the receiver band once every 10 seconds.

3. THE STUDENT EXPEDITION

Planning the field testing of equipment, we also set the task to assess the electromagnetic situation at
the points of the first observation stations [1]: to determine the characteristic background values of natural
signals and electromagnetic pollution in the form of different harmonics radiated by the local power greed.
We chose resorts Akhaldaba and Abastumani, city Akhalkalaki and the mountain Abuli. The data are
complemented by the measurements carried out in Tbilisi, in one building of University (Tbilisi 1) and in
nearby city park (Tbilisi 2). The summary result of all time series is shown in Fig. 3.

Records in Akhaldaba and Abastumani indicate the presence of the weakest background phenomena.
On the plateau of Akhalkalaki we observed the entire process of formation of a hail storm cloud. The
planned network will inevitably reflect thunderous meteorological activity. The task of the following
expeditions and stationary observations is a reliable recording of diurnal and semi-diurnal fluctuations.
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Our experience shows that situation associated with seismic activity is expressed as the increase in
noise to such an extent that diurnal waves cannot be observed.

4. CONCLUTION

The monitoring of the state of tectonic faults system in Caucasus can be done by the network of
extremely low frequency (ELF, 3003000 Hz) receivers of ELFTSU Net, which is conceived as a base for
academic collaboration of Universities.
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Summary: Data on the radar characteristics of a rain cloud that caused a landslide in Akhaldaba and a catastrophic
flood in Thilis on June 13-14, 2015 are presented. The measurements were carried out using the “METEOR
735CDP10” weather radar located in the village. Chotori of Signagi Municipality of Georgia. The temporal variabi-
lity of the maximum radar reflectivity of the cloud, precipitation intensity, etc. was studied. It is noteworthy that the
cloud did not move much and was over the zone where the landslide descended for more than 5 hours. The conseque-
nces of this landslide are well known — the closure of the Vere River, the accumulation of water, the breaking of an
artificial damand the catastrophic flood in Thilisi.

This example indicates the possibility of using a radar to predict landslides caused by heavy rains.

Key Words: Radar monitoring, precipitation, landslide, flood.

Introduction. Heavy rainfall is often the cause of freshets, floods and flooding [1-3]. Therefore, special
attention is paid to a detailed study of the distribution of precipitation intensity in Georgia [4,5]. In
connection with the restoration of the anti-hail service in Kakheti equipped with a modern radar [6,7], new
opportunities for monitoring of atmospheric precipitation appeared [8,9]. There are several locations in
Thilisi, where from time to time there are floods and flooding as a result of heavy rainfall [1,2].
Catastrophic flood in Tbilisi on the night from 13 on 14 June 2015 — natural calamity, caused by abundant
rains in the capital of Georgia on the night 13 on 14 June and by output from the banks of river Vere. As a
result of the flood, residential houses and buildings were flooded, roads, infrastructure were damaged, and
dozens of predatory animals fled from the zoo. About half of the inhabitants of the zoo died. The most
difficult situation was in the area of the Vake-Saburtalo highway, where private residential buildings were
flooded. Rescuers took measures to neutralize the predators walking around the city, and their return to the
enclosures. The nearby shelter for dogs, in which most of the 450 inhabitants died, was also affected.
Precipitation and a landslide destroyed several hundred meters of the section of the Tskhneti-Betania road,
which has still not been restored. The total damage amounted to 200 million GEL About 450 residents of
the city suffered, 19 people died (https://ru.wikipedia.org/wiki/HaBoguenne B TOwmmucu). Preliminary
information about the radar characteristics of this process were given in [6,10,11]. More detailed data on
the radar characteristics of this process are presented in this paper.

Methods. Meteorological radar “METEOR 735 CDP 10 — Doppler Weather Radar” is established in the
village Chotori of the Signagi municipality of Kakheti region of Georgia [6,7]. The products of radar are
sufficiently varied [8,9]. In this work two radar products were presented: HWIND(V), MAX(dBZ) and
MPPI (dBz). Time designation (Fig. 1-4), for example, 14 hour 33 min — 14:33 h., etc. In Fig. 5 minutes
are given in fractions of an hour.
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Results and discussion. The results in Fig. 1-7 and Table 1,2 are represented.
As follows from Table 1 and Fig. 1-3 process was intra mass.

Table 1

Prediction of I nstability to the Atmosphere
Thilis, 13.06.2015
Total TotalsIndex TT =49.4
Separate thunderstorm or several
thunder storms
KIndex =35
Probability of thunder storms:
60-80 %
SWEAT — Severe Weather Threat index = 152
There areno conditions for the appearance of
strong thunderstorms

Fig. 1. Distribution of Wind Speed and Direction Abovethe Territory of Eastern Georgia.

Fig. 2. 3D Picture of the Radar Reflectivity
of Cloud Abovethe Location of Landslide
on 13 June2015in 23:20 h.

168

Fig. 3. Vertical and Horizontal Distribution
of Intensity of Precipitation Abovethe Territory
of Eastern Georgia on 13 June 2015in 23:20 h.



Fig. 4. Data of the Precipitation Intensity in Thilisi on 13-14 June 2015 in 21:03, 23:27, 01:01 and 02:01 h.
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Zonewith the Maximum Radar Reflectivity of theCloudon ~ Zonewith the Maximum Radar Reflectivity of the
13 June 2015 from 20.82 to 23.97 h. Cloud on 13 June 2015 from 20.82 to 23.97 h.

Table 2
Statistical Characteristics of the Intensity of the Precipitation of Cloud in the Region of Akhaldaba
on 13 June 2015 with 20.82 to 23.97 h. under the Zone with the Maximum Radar Reflectivity (mm/hour).

Parameter Precipitation Parameter Precipitation
Count 62 St Dev 81.6
Mean 120.4 Om 104

Min 17.6 Cv (%) 67.8

M ax 371.4 As(skew) 1.2

Range 353.8 Exc(kurt) 0.9
Median 100.5 99% CONF-L 92.6
Mode 65.0 99% CONF-U 148.2

As follows from Table 1 on June 13-14, 2015 are no conditions for the appearance of strong thun-
derstorms. In Fig. 1. distribution of wind speed and direction above the territory of eastern Georgia at the
level 1.0 km according to the radar data on 13 June 2015 in 21:24 h. is presented. In particular, as follows
from this figures, over Thilisi the wind has no definite direction. Accordingly, the cloud is not very mobile
(Fig. 2,3).
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In Fig. 4 radar data of the precipitation intensity in Tbilisi on 13-14 June 2015 in 21:03, 23:27, 01:01
and 02:01 h. are presented. As it follows from this figures, the rain cloud of almost five hours was located
in one and the same place. Precipitation intensity at the separate moments of time was found in the range
17.6-371.4 mm/h. (Fig. 4-6, Table 2). Sum precipitation for 3.15 hour was 379 mm (Fig. 5, Table 2).
That's, extreme rain was observed. The prolonged presence of cloud (almost 5 hours) at one and the same
place caused catastrophe. Note that in Tbilisi in 1957-2006 the maximum sum of daily precipitation was
130.1 mm [5,11].

Fig. 7. Landslideinto Akhaldaba and its Consequences.

In fig. 7 presents images of a landslide in Akhaldaba and its consequences for the infrastructure of
Thilisi city as a result of the subsequent flood.

Conclusion. In addition to anti-hail operations, the radar is planned to be used for monitoring and foreca-
sting hazardous meteorological phenomena. In particular, preparatory work is being conducted on the
radar prognostication of landslides caused by intensive precipitation.
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Summary: Examples of radar monitoring of hail processes in eastern Georgia and its neighboring countries
(Azerbaijan, Armenia) are presented. Monitoring was carried out using the METEOR 735CDP10 weather radar. In
the case of relevant interstate agreements, it is possible to organize an international service for short-term warning
of the population and emergency structures about the possibility of dangerous meteorological phenomena.

Key Words: Radar monitoring, dangerous meteorological processes, hail, precipitation.

Introduction. Georgia is one of the most hail-dangerous countries of world [1, 2]. Taking into account the
significant economic damage, brought by hail damages, in Georgia in the beginning of the fifties of past
century began works on the fight with the hail [3, 4]. These works continued until 1989 and were renewed
using newest technologies in Kakheti region of Georgia in 2015 [5-7]. The anti-hail service is equipped
with a modern meteorological radar, which in the future, in addition to anti-hail activities, is planned to be
used for operational monitoring of dangerous hydro-meteorological processes in eastern Georgia and
adjacent territories [8-11]. Below are an examples of such use of radar outside the hail-protected territory
in the case of the hail process in Tbilisi and Kakheti on May 28, 2019, Belaken (Azerbaijan) on May 10,
2019 and Ijevan (Armenia) on May 20, 2019.

Material and methods. The Anti-hail service is equipped with contemporary C-band, dual polarized
Doppler meteorological radar “METEOR 735 CDP 10 — Doppler Weather Radar”, which is installed in
the village Chotori (1090 m height from sea level) of the Signagi municipality of the Kakheti region of
Georgia. The products of radar are sufficiently varied. For the anti-hail works the optimal radius of action
of radar is 100-120 km, (distance, which practically covers the territory of Kakheti and the some parts of
the territories of Armenia and Azerbaijan). In this work two radar products are presented, MAX(dBZ) and
HAILSZ (Size) [12, 13]. The expected size of hailstones falling out to the earth's surface was calculated
according to the Zimenkov-Ivanov model of hail melting in the atmosphere by taking into account the
radar data about their diameter in the clouds [14]. The mass media information about the hail damages is
also used to show the full picture.

The following designations will be used below: D, — maximum hail diameter in cloud, cm; D —
maximum hail diameter at the ground level, cm; time designation, for example, 14 hour 33 min — 14:33 h.,
etc. In Fig. 3 minutes are given in fractions of an hour.

Results. The results in Fig. 1-10 and Table are represented.
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Fig. 1 presents the fragments of the radar product MAX(dBZ) about the hail process in eastern Georgia
in 16:37, 16:46, 16:55 and 17:04 hour. As it follows from this Fig. and Fig. 2 hail clouds in the indicated
time simultaneously they were observed above Tbilisi and two locations of Kakheti (municipalities
Sagarejo and Kvareli). The diameter of hail stones in the clouds was changing from 0.9 (Tbilisi) to 3.5
(municipalitie Sagarejo) cm. The diameter of hail stones on the earth's surface was changing from 0.2
(Thilisi) to 3.2 (municipalities Sagarejo) cm (Fig. 3, Table).

Fig. 1. Data of radar product MAX(dBZ) about hail processin Thilisi and Kakheti
on May 28, 2019 in 16:37, 16:46, 16:55 and 17:04 h.

Fig.2. Hail Processes Trajectory in Thilisi and Fig. 3. Hail Size Changeability in Cloudsand at the Ground
K akheti 28.05.2019 from 16:34 to 17:04 h. Level in Thilis and Kakheti on May 28, 2019

https://imedinews.ge/ge/sagar tvel 0/107002/dzlier ma-
tsvimam-da-setkvam-tbilisshi-pr oblemebi-shegmna-poto

173



Table

Statistical Characteristics of Hail Size in Clouds and at the Ground Level in Tbilisi and Kakheti on May 28, 2019

Location | Do.Toiis | _Toiis | i AR S EERRS | ety | Mnitpaity
Min 0.9 0.2 13 0.6 13 0.6
Max 3.0 27 35 32 2.9 27
Mean 23 1.9 24 2.0 2.1 1.8

In the municipality Sagarejo to 100% about 600 hectare of agricultural land was damaged. In this day

the anti-hail service conked out because of the ban on the action by the organs of aviation.

Fig. 4. Hail in Thilisi. Photo left by I. Tbeli, right — M. Bokolishvili

https://imedinews.ge/ge/saqartvelo/107002/dzlierma-tsvimam-da-setkvam-tbilisshi-problemebi-sheqmna-poto
https://imedinews.ge/ge/saqartvelo/107002/dzlierma-tsvimam-da-setkvam-tbilisshi-problemebi-sheqmna-poto

In Thilisi from the hail especially suffered the regions of Gldani, Digomi, Vazisubani, Varketili and
Sanzona (Fig. 2, 4).

Fig. 5. Data of Radar Product MAX(dBZ) About
the Hail Cloud on 10 May 2019 in Belaken in 20:05
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Fig. 6. Data of Radar Product HAILSZ About the
Hail Cloud on 10 May 2019 in Belaken in 20:05 h.
(Do=15-20 mm).



Fig. 7. Data of Radar Product MAX(dBZ) About the Fig. 8. Data of Radar Product HAIL SZ About the
Hail Cloud on 20 May 2019 in Ijevan in 18:10 h. Hail Cloud on 20 May 2019 in ljevan in 18:10 h.
(Do=30-35 mm).

Fig. 5-8 presents the fragments of the radar products MAX(dBZ) and HAILSZ about the hail process
in Belaken environments (10 May 2019, 20:05 h.) and Ijevan environments (20 May 2019, 18:10 h.).

Fig. 9. Hail in the Belaken Environments on Fig. 10. Hail in the ljevan Environmentson
10.05.2019. 20.05.2019.

In the environments of Belaken fell out the hail (Fig.9, https://aviton-press.ru/v-azerbaidjane-vypal-
grad.html). Hail damage caused significant loss to agricultural crops in several communities of Ijevan
region (Fig. 10, https://www.panorama.am/ru/news/2019/05/21/I'pan-Apmenus/2117870).

Conclusion. At present, the anti-hail service carries out continuous radar monitoring of weather in eastern
Georgia and adjacent territories of neighboring countries. The radar information is transmitted in parallel
to the National Environmental Agency of Georgia. In the near future, it is planned to further improve the
system of operative warning of the population about dangerous hydro-meteorological phenomena.
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Summary: Meteorological radar “ METEOR 735CDP10” manufactured by “ SELEX" (Germany) has been used
since 2015 in the operational work of the anti-hail service of Georgia (indication of radar parameters for active
exposure to hail dangerous and hail clouds — maximum reflectivity of clouds, height of maximum reflectivity,
maximum cloud height, the size of hailstones in the cloud, etc.). Work is carried out in the Kakheti region of Georgia.
The working radius of the radar in this case is 100-120 km and covers the entire territory of Kakheti. Season of the
anti-hail works continues from April to October. The radar also allows you to determine the intensity of liquid
precipitation, and when fixing in its computer program the coordinates of the area where floods often occur during
rainfall, it is possibility forecasting these floods. Moreover, out the season of anti-hail works, the radius of the radar
can beincreased to 200 km and almost cover almost the entire territory of Eastern Georgia.

The paper provides a map of points with recurring floods during rainfall in Eastern Georgia and examples of
comparing radar data on precipitation intensity with flood data at these points. The accumulation of this information
will allow creating an algorithm for flood forecasting in Eastern Georgia based on the results of radar monitoring of
the precipitation intensity.

Key Words: Radar monitoring, prediction of floods.

Introduction

Georgia — small mountain country with 15 climatic zones, on territory of which different forms of
geophysical catastrophes happen from time to time (drought, hurricanes, lightning, hail damage, degree of
frost, fogs, frosts, landslides, mudflows, snowy avalanches, sudden floods, earthquake). Therefore, special
attention was always paid and is paid to the study of dangerous geophysical phenomena in Georgia. In
recent years special attention was paid to the works on an estimation of risks and multi risks of natural
catastrophes, including hydro-meteorological (thunderstorm, hail, fogs, avalanche, frosts, flood, gale wind,
etc.). Territory of the Georgia was divided into districts according to the degree of hydro-meteorological
danger, economic damage, etc. [1].

A significant quantity of catastrophes (flood, seasonal floods, flooding) is connected with thaw of
snows, and also protracted or strong (usually into the warm half-year) atmospheric precipitations [2-4].
Thus, in Georgia in 2016-2018 about 80 days with the indicated hydro-meteorological phenomena were
observed (Fig. 1).

In connection with that, both in the early periods of time and at present, significant number of works
is devoted to a study of the time-spatial characteristics of atmospheric precipitations, their changeability in
connection with climate change, and also to the prognostication of this changeability on the territory of
Georgia [5-7]. In addition to this, meteorological radar has the ability to give us a short term progno-
stications of heavy atmospheric precipitation for the purpose of warning of different organizations and
population about the possibility of the floods, seasonal floods, and floodings in the concrete localities. The
meteorological radar existing in the anti-hail service was acquired because it has such applications [8-10].
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Material and methods

Meteorological radar “METEOR 735 CDP 10 — Doppler Weather Radar” is established in the village
Chotori of the Signagi municipality of Kakheti region of Georgia [8]. The products of radar are
sufficiently varied [10, 11]. This work presents radar product MPPI (dBz), which makes it possible to
determine precipitation intensity. In this case radius of action of radar is 200 km (distance, which
practically covers the territory of eastern Georgia and the significant parts of the territories of Armenia,
Azerbaijan, North Caucasus, Fig. 1, 2).

Fig. 1. Distribution of Heavy Rainfall, Floods and Floodings on the Fig. 2. Radar Coverage for Rainfall
Territory of Georgiain 2016-2018. M easur ement.

At present we are working on comparing radar data about the precipitation intensity with the cases of
floods, seasonal floods and floodings on the territory of eastern Georgia, which in the first approximation,
will make it possible to create the algorithm of the prognostication of these phenomena. Some examples of
radar observations for the separate days with strong precipitations in eastern Georgia, which led to the
indicated negative phenomena are given below.

Results and discussion

The results in Fig. 3-8 are shown.

Fig. 3. Radar Picture of Precipitation Intensity in Fig. 4. Radar Picture of Precipitation Intensity
Gori on June 6, 2015 in Gori on June 11, 2015

Fig. 3 depicts data of radar surveillance of the intensity of the precipitation of the city Gori on 6 June
2015 in 22:59 hours. Western process was observed during this day. Judging by the radar pictures,
precipitation intensity in the Gori municipality reached 100 mm/h. Precipitations led to the flood. On the
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night of 7 June 2015 as a result of four hour long intensive rain in the Gori municipality completely
flooded more than 20 villages. To 100% were destroyed agricultural land in the populated areas of Olozi,
Tsedisi and Bnavisi in the Aneni gorge. Mud-and-gravel that flowed from the mountains overlapped rural
roads. The territory on which the refugees settled in Shavshvebi was flooded. Flood flows from the
mountains flooded several apartment houses in the village of Akhaldaba. In the village of Skra the left
coasts of the river of Skra destroyed the village water supply.

In five days on 11 June, as a result of pouring rains, waters of the left the coasts of river in the Ateni
gorge flooded in the villages apartment houses, roads, homestead sections (rain continued for about 40
minutes). Poultry and small livestock perished, several houses tore away from the foundation and took
away. The harvest of fruits and grapes was destroyed, water laid sowings. Flood flows in some places
blocked the roads. Bridges were damaged. In the previous week Ateni gorge was already damaged by hail
twice. Radar data surveillance of the intensity of precipitation over the city of Gori on 11 June 2015 on
18:04 hours are represented in Fig. 4. Western process were observed in both preceding case and during
that day. Precipitation intensity reached 100 mm/h.

Fig.5. Radar Picture of Precipitation I ntensity Fig. 6. Radar Picture of Precipitation Intensity in
in Kakheti on May 15, 2016 the Adigeni Municipality on May 29, 2016
Fig. 7. Radar Picture of Precipitation Intensity in Fig. 8. Radar Picture of Precipitation Intensity in the
the Gori Municipality and Thilisi on June 19, 2016 Dusheti Municipality on June 18, 2018

On May 15, 2016, residential houses in the villages of Chayluri, Kakabeti, Burdiani were flooded in
Kakheti (Fig. 5). This figure also demonstrates the possibility of radar monitoring of precipitation intensity
outside of Georgia. 29.05.2016 the villages of Varhani, Benari, Arali and other settlements (Adigeni
municipality) were affected, and cattle and poultry were washed away by streams of water (Fig. 6).

179



19.06.2016 (Fig. 7) flooded bridge in the center of Ruisi (Gori municipality), stopped traffic. Flooded
Tsavkisi gorge (Tbilisi).

18.06.2018 in Dusheti (Fig.8), the basements of residential buildings were flooded, the crop were
destroyed (rainfall up to 100 mm/hour). Fig.8, like Fig. 5, also demonstrates the possibility of radar moni-
toring of precipitation intensity outside Georgia.

Fig. 9. Example of Radar Product — RSA RIVER SUBCATCHMENT ACCUMULATION
to Determine the Degree of Flooding of a Specific Area[10].

Conclusion.

Subsequently, for the purpose increasing the accuracy of the radar measurements of precipitation
intensity in real time, it is intended to place in the investigated region the network of the automatic preci-
pitation gauges, remotely conjugated with radar. It is intended to also conduct a more detailed study of the
connection of precipitation intensity according to the data of radar measurements with catastrophic pro-
cesses (flood, landslides, torrents, avalanche), proceeding on the earth's surface. Additionally, the software
of radar allows us to outline localities with the frequent floods, which will make possible to use a product
RSA — RIVER OF SUBCHATCHYUMENT OF ACHCHUMULATION (Fig. 9), which increases the
accuracy in forecasting of floods for the concrete places.

In perspective this will make it possible to build the regional model of the relation of the radar para-
meters with the indicated phenomena, which will make possible to conduct in advance (several ten minu-
tes) warning of population and corresponding organs about the forthcoming dangerous hydro-meteorolo-
gical processes.
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Summary: There are presented some results of the analysis of radar and ground monitoring of dust storms and smoke
from large fires in the atmosphere over the territory of Eastern Georgia. Remote monitoring was carried out using the
“METEOR 735CDP10" weather radar. The dust concentration (PM10 and PM2.5) in the surface air was measured
hourly at four locationsin Thilisi. Also here are presented radar data on the movement of dust formation in the atomsphere
above the study area. It was shown that, following the appearance of dust formations in the atmosphere above the studied
points, a strong growth of PM10 and PM2.5, aswell as a decrease of the visibility, were noted at the Earth's surface.

If necessary, it is possible to monitor volcanic formations, dust storms and smoke from large fires in the atmosphere
and in the South Caucasus.

Key Words: Radar monitoring, volcanic formations, dust storms, smoke.

Introduction. M. Nodia Institute of Geophysics conducts experimental laboratory, field and theoretical
studies of atmospheric aerosols during many decades (stationary and mobile monitoring) [1-7]. In recent
years in connection with the renewal of anti-hail works in Kakheti, it’s appeared there is a possibility of
the radar monitoring of the atmosphere above the eastern Georgia and adjacent countries (Armenia,
Azerbaijan, Russia, Turkey) [8-10]. Anti-hail service is equipped with contemporary meteorological radar
“METEOR 735CDP10”, capable of recording the significant number of atmospheric formations [10]. The
radar is usually used for monitoring of the hail processes and strong rains. Together with this aid of the
radar there is a possibility for monitoring movement of powerful dust formations in the space above the
large territories (the dust storms, large fires, volcanic ejections, etc.). This makes it possible to enlarge the
represented above area of studying atmospheric aerosols [10]. Thus, in work [11] preliminary results of
the analysis of radar and ground-based monitoring of dust formation in atmosphere above the territory of
eastern Georgia on 27 July 2018 was presented. This paper depicts more detailed data on the radar chara-
cteristics of this process and present data about the dust formation above the territory of Kakheti caused
forest fire in the environments of Lagodekhi and Dedoplistskaro on 23 August, 2017.

Material and methods. In this work we used the data of radar “METEOR 735CDP10” about the dust
objects in the atmosphere (product MPPI (ET) [10]). In addition, we used the data of Georgian National
Environmental Agency about the dust concentration (atmospheric particulate matter — PM2.5 and PM10)
in four points of Thbilisi city (http://nea.gov.ge/ge/service/haeris-monitoringi/14/haeris-dabindzurebis-
yoveldgiuri-biuletini/) and the data of the satellite monitoring of the aerosol optical depth (AOD) in
atmosphere (https://neo.sci.gsfc.nasa.gov/servlet/RenderData?si=1749095&cs=rgb&format=JPEG&width
=3600 &height=1800.). The mass media information was used also.

Results and discussion. Results are presented in the Fig. 1-9 and Table. As follows from Fig. 1 above the
study region the cloud formations practically was not observed. Wind direction — to the northeast (Fig. 2).
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In Fig. 3 radar data shows about migration of dust formation in the atmosphere above the territory of
eastern Georgia on the 27" July, 2018 from 11:00 to 17:00 hour (2 moments of time, green color). As
follows from this figure dust cloud into the indicated time interval is located above the significant part of
Kakheti and it is revealed also above Tbilisi in the second half of day.

Fig. 1. Data of Radar Product MAX(dBZ) on Fig. 2. Wind Field at 2 km above Sea L evel on 27.07.2018,
27.07.2018, 15:00 h. 14:15 h. Radar Product HWIND (V).

PP (ET)
MR (ET)
11-00/ 7-jul-2010 T Tianty
Georgin Geory

]
L b

Fig. 3. Migration of Dust Formation in the Atmosphere above the Territory of Eastern Georgia on 27.07.
2018 in 11:00 and 17:00 h.

Fig. 4. AOD above the Caucasus Region 27.07.2018 (to the L eft) and 28.07.2018 (to the Right).

It follows from Fig. 4 and there were observed 27.07.2018 above the territories of eastern Georgia
(Thilisi, Kakheti) and Azerbaijan the high values of AOD. Next day occurred the considerable decrease of
values AOD. In Baku the poor visibility was 26.07.2018, while in Tbilisi — in the daytime 27.07.2018.
[https://jam-news.net/tbilisi-covered-in-dust-cloud-experts-say-there-is-no-danger/;
http://agenda.ge/en/news/2018/1594]
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The propagation of dust formation above Tbilisi led to a strong increase in the concentration of solid
particles in surface boundary layer (Fig. 5). As follows of this figure we noted all four points of measure-
ment of increasing the dust particles concentration by diameter less than 2.5 and 10 um (respectively —

PM2.5 and PM10).

Fig.5. Twenty-Four Hours Average of Dust Concentration PM2.5 and PM10
in Four Pointsof Thilisi from July 15 to August 15, 2018.

Table

Statistical Characteristics of Twenty-Four Hours Average of Dust Concentration PM2.5 and PM10
in Four Points of Tbilisi from July 15th to August 15th, 2018 (mcg/m’)

Location Kazbegi str. Tsereteli str. Varketili Marsh?;gil(;)lv)am av.

Parameter PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10
Mean 11.0 41.9 14.9 44.5 12.3 33.6 13.3 33.1
Min 4.9 20.0 4.9 22.0 44 13.3 5.0 10.8
Max 339 177.9 44.8 143.5 36.8 147.8 50.9 199.1
Range 29.0 157.9 39.9 121.5 323 134.5 45.9 188.3
St Dev 6.2 29.5 8.1 224 6.6 25.6 9.0 35.7
Cv (%) 56.8 70.5 54.0 50.3 53.7 76.2 67.9 107.8
o inei T dans | et :

Fig.6. Data of Radar Product MAX(dBZ)
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on 23.08.2017, 14:16 h.

Fig.7. Wind Field at 2 km above Sea Level on
23.08.2017, 14:16 hour. Radar Product HWIND (V).
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Fig.8. Dust Formation in the Atmospher e above Fig.9. VAD3D — VOL CANIC ASH
Territory of Kakheti on 23.08.2017,14:16 h. DETECTION 3D, Simulated Data for Mt. Etna, Italy.

Table presented statistical characteristics of dust concentration in four locations of Tbilisi. In parti-
cular, as it follows from this Table, on the different points of measurement on the 27™ of July, 2018 the
24-hour mean values of PM10 and PM2.5 exceeded their maximum permissible concentrations [6, 12]
into 2.87-3.98 and 1.36-2.04 times respectively.

Fig. 8 gives an example of dust formations detectable by the radar in the atmosphere above the
territory of Kakheti (23.08.2017, 14:16 h.), which were being formed as a result of forest fires in the
environments of Lagodekhi (5 hectares) and Dedoplistskaro (20 hectares). In this day above Kakheti the
cloud formations was not observed (Fig. 6), wind direction — to the northeast (Fig. 7).

Fig. 9 gives an example of simulated dust formation detected by the radar in the atmosphere above the
volcano Etna, Italy, with the use of a radar product VAD3D — VOLCANIC ASH DETECTION 3D
[RAINBOW® 5PRODUCTS & ALGORITHMS, © Selex ES GmbH, 2017].

Conclusion. In the prospect besides the radar “METEOR 735CDP10” use in anti-hail services, we can
also use it for early warning for population about the danger of aerosol air pollution during the action of
the large sources of dust.
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LANDSLIDE SUSCEPTIBILITY MAPPING USING GIS-BASED
WEIGHT-OF-EVIDENCE MODELLING IN CENTRAL GEORGIAN REGIONS

Stankevich SA., Titarenko O.V, Svideniuk M.O.

Scientific Centre for Aerospace Research of the Earth,
National Academy of Sciences of Ukraine, Kyiv, Ukraine

Summary: This paper explains the procedure for the generation of a landslide susceptibility map at regional level in
Georgia. At the first place, this research presents the results of the weight-of-evidence model applied to estimate the
probability of landdlides manifestation. A spatial database, including causative factors associated with landslides
was constructed from geological maps and satellite data products. The factors that influence landslide occurrence,
such as terrain slope, aspect, curvature, elevation, flow accumulation and distance from drainages were calculated
from a Sentindl-1 digital terrain elevation data (DTED). Lithology is derived from the Georgia's geological map.
Vegetation cover map is retrieved from Sentinel-2 multispectral satellite imagery.

Key words: landslide, weight-of-evidence, landslide hazard mapping, remote sensing, digital terrain elevation data.

Introduction

Landslides have long been recognized as a frequent natural hazard in the mountainous terrain of
tropical and subtropical environments [1]. Particularly, in accordance with EM-DAT International Disaster
Database of the Centre for Research on the Epidemiology of Disasters (CRED) the landslides are the
reason of around 26,000 deaths in a period from 2000 to 2014. Therefore, areas susceptible to landslides
should be identified to prevent the damage at regional and local scale. In this case, landslide susceptibility
assessment is required [2].

In this research, the effects of intrinsic and extrinsic variables associated with landslides are consi-
dered as causative factors. The intrinsic variables refers to landslide risk site internal factors such as
bedrock geology, geomorphology, soil type, slope gradient, slope convexity and concavity, elevation,
engineering properties of the slope material, land use pattern, drainage and escape network etc. The
extrinsic variables are external factors such as heavy rainfall, glacier outburst, seismic activity that change
over a very short time span and are thus very difficult to estimate.

In addition, the natural hazards statistics is required for landslide susceptibility assessment. Thus, our
research is focused on the probability estimation of landslide occurrence prospects within the sites of
historical landslides as well.

There are four different approaches to the assessment of landslide hazard: landslide inventory-based
probabilistic, heuristic (which can be direct geomorphological mapping, or indirect qualitative map combi-
nation), statistical (bivariate or multivariate statistics) and deterministic. In addition, a wide range of
models are used based on these approaches [3]. However, the main purpose of this study is to apply the
weights-of-evidence modelling for central Georgia landslide hazard assessment.

Substantial contribution for landslide hazard mapping made the implementation of satellite data
products as a source for causative factors generation and easier spatial results interpretations [4]. Complex
using of Remote Sensing and Geographical Information Systems (GIS) have wide-range applications in
the field of geo-sciences [5]. For example, global databases such as the EM-DAT International Disaster
Database, the NASA Global Landslide Catalogue and the Global Fatal Landslide Database (GFLD) are
usually based on these technologies [6]. Therefore, all causative factors thematic maps used in this
research are entered into the GIS database and integrated with a landslide inventory map. The database
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will assist with landslides investigation through the implementation of satellite data products as a source
for causative factors generation and easier spatial results interpretations. Particularly, the database will
assist to determine the effect of each causative factor associated with historical or eventual landslides.

Study area

Georgia belongs to the one of world’s most complex mountainous regions according to the scale and
frequency of natural hazardous processes. Complicated topography is one of the major condition for
landslides activation in this country. The Lesser Caucasus Mountains and Greater Caucasus Mountain
Range cross the country. The Greater and Lesser Caucasus are two fold-and-thrust belts separated by the
Rioni Basin in the Black Sea and the South Caspian—Kura Intermontane Depression. Fault-bend folds and
fault-propagation folds are widespread, with evidence of thin-skinned tectonics in both the Rioni and Kura
fold-and-thrust belts. Therefore, the topography elevation ranges from sea level to the Black Sea to over
5000 m in the Caucasus Mountains [7, 8].

The climate of Georgia is different from west to east. Specifically, the western part of Georgia lies

within the northern periphery of the humid subtropical zone. Eastern Georgia has a transitional climate
from humid subtropical to continental. Thus, the annual precipitation ranging from 1000 to 4000 mm at
the west and from 400 to 1600 mm at the east [8].
Terrane is mainly composed of pre-Cambrian and Paleozoic rocks. Paleozoic granites have intruded
Granitic-metamorphic complex presented by different crystalline schists and paragneisses. Lower Jurassic
rocks here presented by shallow sea sandy-argylleous rhythmical sediments with lenses of limestones.
This massif consists of Paleozoic schists intruded by numerous Paleozoic and Jurassic gabbros, quartz
diorites, granites accompanied by pegmatite veins. Paleozoic rocks are overlapped by shallow water
Jurassic clays and Cretaceous limestones [8].

In this research we apply the weight-of-evidence modelling for the three of Georgian administrative
regions Shida Kartli, Mtskheta-Mtianeti, Kvemo Kartli. We concentrate the study in this region because of
the known landslide potential, slope angle and complex drainage system.

We concentrate our study on a site located in the central western part of Georgia (42.30°N, 43.48°E)
because of the known landslide potential, slope angle and field access there.

Weight-of-evidence model

The Bayesian inference was used to simulate the influence of selected geophysical factors onto the
landslide overall hazard. The likelihood ratio was assigned as the basic weight W; of each i-th influencing
factor F:

o~ PELA

P(F. | B)

where P(Fi|A) is a conditional probability of F; under landslide occurrence constraint, P(Fj|B) is the same
one otherwise [9].

The conditional probabilities of each factor for landslide occurrence/missing were determined on the
basis of previously known statistics, and in the case of its insufficiency — by approximating with expo-
nential model from the most likely down to the least likely factor values. When considering the significant
number of factors then ones’ expert ordering additionally used.

=InP(F. | A)—InP(F, | B)

Data acquisition

A DTED is a key to generate various topographic parameters, which influence the landslide activity in
an area. Thus, the DTED were acquired by the phase interferometry of Sentnel-1 synthetic aperture radar
(SAR) satellite system.

In this research the slope angle, lineament density, drainage effect buffer, flow accumulation and
slope curvature are estimated using DTED derived from Sentinel-1A Single Look Complex (SLC) data
products. The Sentinel-1 SLC stereo pair of 31 October 2018 and 12 November 2018 were retrieved for
phase interferometry using Sentinel Application Platform (SNAP) software (http://step.esa.int/main/
download/ snap-download/). The 10x10 m pixel size DTED were obtained as an output of interferometric
data processing.
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The resulted DTED were used as a relative relief to derive thematic data layers like slope, aspect,
drainage effect buffer, flow accumulation and lineament density.

Slope angle map. When the slope angle in our model increases, the geometry of the potential critical
slip surface changes and probability of failure distributions rises extremely with slope angle increasing
[10]. After the radar interferometric DTED were generated, it were used to calculate slope angle map
using QGIS software (https://grass.osgeo.org/grass64/manuals/r.slope.aspect.html).

Lineaments’ density map. Lineaments are straightened sections of terrain's relief. Their density is
calculated as the aggregated length of lineaments per one km2. The higher the lineaments’ density, the
greater the probability of landslide [11].

Vegetation cover map. Vegetation density is an essential parameter for landslide hazard due to natural
prevention ability. Sentinel-2 multispectral imagery in visible and near infrared bands is used to estimate
vegetation cover fraction (VCF) [12].

Precipitation Map. The map of rainfall precipitation over the study area was obtained by averaging of
366 MODIS Total Precipitable Water satellite data product (MODO5_L2) for the period from 31 October
2017 to 31 October 2018. MODO5 L2 data product is available from Atmosphere Archive and Distri-
bution System Data Download Scripts (LAADS DAAC) (https://ladsweb.modaps.eosdis.nasa.gov).

Geological map. Geological environment plays an important role in landslide susceptibility studies
because different geological units have different susceptibilities to active geomorphological processes.
Geological map of Georgia for 2004 developed by Georgian Department of Geology was used to map the
study area and classify the lithology by rocks hardness [13].

Analysisand results

All thematic maps of study area were stored in raster format with a 10x10 m pixel size. The weight-
of-evidence calculation procedure was performed using Scilab numeric computation software
(www.scilab.org). Since all of the maps are multi-class maps, containing several classes, the presence of
one factor, such as dense forest implies the absence of the other factors of the same land use map.
Therefore in order to obtain the final weight of each factor, the positive weight of the factor itself was
added to the negative weight of the other factors in the same map.

The final result is the landslide hazard susceptibility map shown in figure.
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Figure. Final landslide susceptibility map.
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On the resulting map, areas of a high evidence of landslide hazard mostly correspond to sharp slopes
without vegetation. The areas of least probability of landslides are associated with the presence of hard
rocks such as granite or carbonates. Water bodies excluded from landslide risk assessment by default. The
presence of substantial vegetation cover significantly reduces the landslide hazard evidence down to low
or weak inside the vegetative plots of terrain.

Conclusion

GIS-based weight-of-evidence modelling is a convenient and efficient tool for preliminary mapping
of landslide susceptibility, especially in difficult access regions.

Since terrain slope is the main contributor to landslide hazard, the use of up-to-date products of
satellite radar interferometry is a mandatory stage in the remote sensing data processing for this purpose.

The data integration carried out in the assessment of landslide susceptibility allows to quantify and
human-friendly visualize in a single map a lot of geospatial layers of landslide hazard factors.

The data obtained as a result of landslide susceptibility mapping have a good spatial correlation with
the distribution of actual recorded landslide processes in the central regions of Georgia.

Future works should be focused on the development and verification of quantitative models for the
various geophysical factors effect upon the landslide probability, as well as on the large-scale testing and
accuracy evaluation of the proposed technique.
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Summary: The results of a statistical analysis of the daily values of the Angstrom Fire Index (1) for Thilisi in the
period from 2014 to 2018 are presented. AFl = (R/20) + (27-T)/10, where R is the minimum relative humidity, T is
the maximum air temperature. The gradations of the values of | are as follows: |. AFI> 4.0 — Fire occurrence unlikely,

[1.LAFI = 4.0 + 2.5 —Fire conditions unfavorable, 111. AFl = 2.5 + 2.0 — Fire conditions favorable, Y. AFl = <2.0 -
Fire occurrence very likely. In particular, it was found that a high fire hazard in Thilisi is observed on average
within 75 days a year, and increased — within 39 days a year. The largest number of days with high fire hazard was
observed in 2018 (92 days), the smallest — in 2016 (57 days). Further, it is planned to expand work on this issue
(using other more complex fire hazard indices, studying their trends in connection with climate change, determining

these indices for other pointsin Georgia, etc.).

Key Words: Angstrom Fire Index

Introduction. The problem of fires, including forest fires, is actual for many countries of world
[http://www.sasquatchstation.com/Fire Weather.php; http://www.forestservice.gr/meteo/fwil.html], inclu-
ding Georgia [1]. In recent years this problem is aggravated by the global and local climate warming [2-9]
which facilitates an increase in the fire hazard [10,11]. For evaluating the fire hazard in locality the set of
indices is developed. One of simple of these indices is the Swedish Angstrom Index [10,11]. In this work
the results of a statistical analysis of the daily values of Angstrom Fire Index (AFI) for Tbilisi in the
period from 2014 to 2018 are presented.

Study area, material and methods. Study area is Thbilisi city. Data of the Hydrometeorological depart-
ment of Georgia about daily maximum of air temperature T and minimum relative humidity R in the period
from 2014 to 2018 are used. The Swedish Angstrom Index calculated from the formula: AFI = (R/20)+
+ (27-T)/10 [10, 11]. The gradations of the values of I are as follows: I. AFI> 4.0 — Fire occurrence unli-
kely, II. AFI = 4.0 + 2.5 — Fire conditions unfavorable, III. AFI = 2.5 + 2.0 — Fire conditions favorable, IY.
AFI = <2.0 — Fire occurrence very likely.

The standard statistical methods are used. The following designations will be used below: Min —
minimal values; Max — maximal values; St Dev — standard deviation; C, — coefficient of variation (%).

Results and discussion. Results in Table 1,2 and Fig. 1,2 are presented.

In Table 1 statistical characteristics of monthly values of Angstrom Fire Index in Tbilisi in 2014-2018
is presented. In particular, as follows from this Table values of AFI changes from -0.1 (July, fire occurrence
very likely) to 7.3 (December, fire occurrence unlikely). The greatest variations in the values of AFI are
observed during August (Cv = 52.0%), smallest — in December (Cv = 14.8%). The mean values of Angs-
trom Fire Index (Table 1, Fig. 1) changes from 1.6 (August, fire occurrence very likely) to 5.0 (December
and January, fire occurrence unlikely).
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Statistical Characteristics of Monthly Values of Angstrom Fire Index in Tbilisi in 2014-2018

Table 1

Param. [Jan Feb Mar  |Apr May |[Jun Jul Aug  (Sep Oct Nov Dec
Min 2.9 24 22 1.2 0.9 0.2 -0.1 -0.2 0.3 1.7 2.1 3.0
Max 6.9 7.1 6.5 59 5.6 4.5 44 44 53 6.9 6.8 7.3
Mean 5.0 4.7 4.0 33 29 22 1.8 1.6 24 3.8 4.5 5.0

StDev| 0.9 1.0 0.9 0.9 0.9 0.8 0.8 0.8 1.0 1.1 1.0 0.7
Cv,% | 174 | 22.0 21.5 28.2 325 37.5 47.4 52.0 41.1 30.2 233 14.8
Table 2
Repetition of Angstrom Fire Index in Tbilisi for Four Gradations in 2014-2018 (%)

Year >40 40-25 25-20 <20

2014 38.6 30.1 11.8 19.5

2015 38.6 30.1 12.1 19.2

2016 41.0 32.8 10.7 15.6

2017 342 35.9 7.1 22.7

2018 315 31.8 11.5 25.2

Mean 36.8 32.1 10.6 20.4

In Table 2 data about repetition of Angstrom Fire Index in Tbilisi for four gradations in 2014-2018 is
presented. In particular, as follows from this Table a high fire hazard in Tbilisi is observed on average
within 75 days a year (repetition — 20.4%), and increased — within 39 days a year (repetition — 10.6%). The
largest number of days with high fire hazard was observed in 2018 (92 days, repetition — 25.2%), the

smallest — in 2016 (57 days, repetition — 15.6%).

In Fig. 2 data about repetition of AFI in Tbilisi in different months for four gradations is presented.
As follows from Fig. 2 on average in Tbilisi a high fire hazard in July and August is observed (repetition
63.2 and 75.5% respectively). Sufficiently fire dangerous months are also June and September (repetition
of AFI<2.0 — 39.3 and 41.3% respectively). From November through March the values of AFI<2.0 is not
observed.
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From November through February in the majority of the cases fire hazard is absent (repetition of
AFI> 4.0 changes from 60.0 to 88.4%).

Conclusion. Further, it is planned to expand work on this issue (using other more complex fire hazard
indices, studying their trends in connection with climate change, determining these indices for other points
in Georgia, etc.).
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SOME COSMOGENIC FACTORSIN PEOPLE WITH DIABETES
Adeishvili T., Berdzenishvili N.

Summary: Consequences of interaction between diabetes mellitus and cosmogenic factors have been identified on
the basis of observed observations. The types of these factors are considered and the mechanisms that influence their
diabetic diseases are established.

Key words: cosmogenic factor, meteoropic reactions, Sugar diabetes, diabetes and heliobiological measurement.
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Summary: A review of the current state of research on the influence of natural and anthropogenic environmental
factors (meteorological, climatic, geophysical, space, anthropogenic atmospheric pollution, etc.) on the health of
people in Georgia is presented. Prospects for future research are discussed.

Key Words: Bioclimatology, medical meteorology, environment and human health

Generally, the human health is primarily affected by the lifestyle (50 — 55%), then — by the environ-
ment (25 — 30%), and finally — by heritage and medical care. Additional anthropogenic load on the bios-
phere increases the level of above mentioned risk — factors influencing on human health and life (Fig.) [1].

In Georgia, as in many other countries, a long time ago the special attention has been paid to the ana-
lyses of the influence of the natural and anthropogenic factors of environment on the health of people. The
brief survey of similar studies in Georgia in the last 15 years is given below [ 1-15].

The meteorological, bio meteorological, bioclimatic, geophysical and other parameters, which suffi-
ciently affect the human beings, are the followings:

Separate meteorological and geophysical elements, space weather parameters and its combinations:
air temperature, humidity, wind speed, atmospheric pressure, cloud cover, solar activity (Wolf’s number),
the geomagnetic fields, atmospheric electricity, thunderstorms, solar radiation, the cosmic rays, radioacti-
vity, light ions, aerosols, ozone, other air toxic admixtures and etc. [1-5,9,10,13]

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) [[8,11,12,14,16]) and others.

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 [7]. For example, periodicity of 7 and 3, 5
day of mortality from the cardiovascular diseases (CVD) is established in the work [13]. 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 Tbilisi city [11].
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° to 4.6° EET — 8.6%, D — 22.2%; in the range EET from 5.2° to 21.8% T — 26.3%, D — is
insignificant [11].

It is found in the work [10], that the relationship between the average monthly air temperature in
Kutaisi (Georgia) and such indices of the health of population as the total number of emergency medical
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calls, cases of hospitalizations and deaths has the form of a third power polynomial. In general, in the
warm months there is a decrease of the total number of emergency medical calls, cases of hospitalizations
and deaths. In the hot months, there is a worsening in these indicators of health, comparable to the cold
months of the year (increase of the emergency medical calls, cases of hospitalizations and deaths).

- Heredity,
Lifestyle HUMAN Medical Care
50— 55 % | HEALTH ] 15-25 es
I
Environment
25 -30 %

Astro-Meteo-Geophysical Risk Factors

ﬂ Cardiovascular
Meteo

Factors Respiratory Organs |
Oncological Diseases
Ionizing
I Svst Radiation,
mmunec System EMF, EMR
Air Pollution
Psycho-Emotional
State
TInfectious Diseases
nfectious Diseases V Meteo

Factors

Rheumatic Diseases

Meteo Factors - air temperature, pressure, humidity, cloud cover, wind,
precipitation, solar insolation, etc., a combination of these tactors
Air Pollution - CO, NO,, SO», O3, heavy metals, aerosols, etc.
Tonizing Radiation - cosmic rays, radioactivity
EMF - Elcctric and Magnetic Ficlds - atmospheric electricity,
thunderstorms, geomagnetic activity, etc., including anthropogenic
EMR - Electromagnetic Radiation - solar, cosmic, thunderstorm, etc.,
including anthropogenic

Fig. Human Health Risk Factors[1].

In the works [1,2] it is shown, that days situation together with air pollution by ozone in smog, the
ozone forming gases and the aerosols under the conditions of Tbilisi 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
Thbilisi, which is approximately 3 times higher than the same indices for the advanced countries [1,2].

In the work [7] 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 Tbilisi 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 of 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.

Results of studying of connection of TCI and its simple and combined components with the mortality
of population for reasons the cardiovascular diseases based on the example of Thbilisi city in [8] are
represented below. It is shown that value of the coefficient of linear correlation between the average
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monthly decade mortality of the population of Tbilisi for reasons the cardiovascular diseases and simple
and complex components of TCI and TCI are found in the range from — 0.66 to +0.44 (all values of the
correlation coefficients are significant).

The comparative analysis of the connection of eight simple thermal indices and Tourism Climate
Index (TCI) with the monthly mortality of the population of Tbilisi city apropos of cardiovascular diseases
is represented in [16]. The values of simple thermal indices were calculated with the use of mean monthly
and mean monthly for 13 hours data of meteorological elements. Between all studied simple thermal
indices practically direct functional connection with the coefficient of linear correlation not lower than
0.86 is observed. The connection of simple thermal indices with the TCI is nonlinear and takes the form of
third power polynomial.

The possibility of using the standard scales and categories of the indicated indices as the bioclimatic
indicator in monthly time scale is studied. As a whole, all indices adequately correspond to the degree of
the bioclimatic comfort of environment for the people — with an increase in the level of comfort the
mortality diminishes. The representative for this purpose is Missenard air effective temperature in 13
hours [16].

Conclusion

In the future, together with M. Nodia Institute of Geophysics TSU, we plan to conduct research on the
impact on human health of such indices derived from energy budget models, as: Physiologically Equivalent
Temperature (PET), Standard Effective Temperature (SET), Physiological Subjective Temperature and
Subjective Temperature (MENEX), the Universal Thermal Climate Index (UTCI) etc. [16]).

References

1. Amiranashvili A., Bliadze T., Chikhladze V. Photochemical smog in Tbilisi. /Monograph, Trans. of Mikheil
Nodia institute of Geophysics, ISSN 1512-1135, vol. 63, Tb., 2012, 160 p., (in Georgian).

2. Amiranashvili A., Khurodze T., Shavishvili P., Beriashvili R., Iremashvili I. Dinamics of the Mortality of the
Population of Thbilisi City and its Connection with the Surface Ozone Concentration. // Journ. of Georgian
Geophysical Soc., Iss. (B), Physics of Atmosphere, Ocean and Space Plasma, vol.16b, Tbilisi, 2013, pp. 31-38.

3. Amiranashvili A.G. Increasing Public Awareness of Different Types of Geophysical Catastrophes, Possibilities
of Their Initiation as a Result of Terrorist Activity, Methods of Protection and Fight With Their Negative
Consequences. //Engaging the Public to Fight Consequences of Terrorism and Disasters. NATO Science for
Peace and Security Series E: Human and Societal Dynamics, vol. 120. I0S Press,
AmsterdameBerlin*Tokyo*Washington, DC, ISSN 1874-6276, 2015, pp.155-164. http://www.nato.int/science;
http://www.springer.com; http://www.iospress.nl

4. Lagidze L., Matchavariani L., Tsivtsivadze N., Khidasheli N., Paichadze N., Motsonelidze N., Vakhtangishvili
M. Medical Aspects of Atmosphere Pollution in Tbilisi, Georgia. //Journal of Environmental Biology, Vol.36,
Special Issue, 2015, pp. 101-106.

5.  Amiranashvili A., Chikhladze V., Kartvelishvili L., Khazaradze K. Expected Change of the Extremal Air
Temperature and its Influence on the Mortality (Based on the Example to Tbilisi City). //International
Cooperation Network for East European and Central Asian Countries: EECA Conference — October 7-8, 2010,
Yerevan, Armenia, http://be.sci.am/.

6. Amiranashvili A.G., Gogua R.A., Matiashvili T.G., Kirkitadze D.D., Nodia A.G., Khazaradze K.R.,
Kharchilava J.F., Khurodze T.V., Chikhladze V.A. The Estimation of the Risk of Some Astro-Meteo-
Geophysical Factors for the Health of the Population of the City of Tbilisi. // Int. Conference ‘“Near-Earth
Astronomy 2007 Abstract, Terskol, Russia, 3-7 September 2007, p. 86.

7. AmiranashviliA.G., Bakradze T. S., Berianidze N.T., Japaridze N.D., Khazaradze K.R. Effect of Mean Annual
Changeability of Air Temperature, Surface Ozone Concentration and Galactic Cosmic Rays Intensity on the
Mortality of Tbilisi City Population. // Journal of the Georgian Geophysical Society, Issue B. Physics of
Atmosphere, Ocean and Space Plasma, v.19B, Tbilisi, 2016, pp. 135-143.

8. Amiranashvili A.G., Japaridze N.D., Kartvelishvili L.G., Khazaradze K.R., Matzarakis A., Povolotskaya N.P.,
Senik I.A. Tourism Climate Index of in the Some Regions of Georgia And North Caucasus.// Journal of the
Georgian Geophysical Society, Issue B. Physics of Atmosphere, Ocean and Space Plasma, v. 20B, 2017, pp.
43-64.

203



10.

11.

12.

13.

14.

15.

16.

204

Amiranashvili A., Chikhladze V., Bliadze T. Contemporary State of a Question about the Action of
Photochemical Smog and Surface Ozone on Human Health. /Trans. of M. Nodia Institute of Geophysics, v.
LXII, ISSN 1512-1135, Tbilisi, 2010, pp. 177-188, (in Russian).

Amiranashvili A.G., Japaridze N.D., Kartvelishvili L.G., Khazaradze K.R., Khazaradze R.R. Effects of
Variations of the Monthly Mean Air Temperature on the Population Health of Imereti Region of Georgia. //
International Scientific Conference ,,Modern Problems of Ecology®“, Proceedings, ISSN 1512-1976, v. 6,
Kutaisi, Georgia, 21-22 September, 2018, pp. 38-41.

Amiranashvili A., Amiranashvili V., Kartvelishvili L., Nodia Kh., Khurodze T. Influence of Air Effective
Temperature and Geomagnetic Storms on the Population of Tbilisi City. / Trans. of the Institute of
Hydrometeorology, v. No 115, ISSN 1512-0902, Tbilisi, 2008, pp. 434 — 437, (in Russian).

Amiranashvili A., Danelia R., Mirianashvli K., Nodia A., Khazaradze K., Khurodze T., Chikhladze V. On the
Applicability of the Scale of Air Equivalent-Effective Temperature in the Conditions of Tbilisi City. // Trans. of
M. Nodia Institute of Geophysics, v. LXII, ISSN 1512-1135, Tbilisi, 2010, pp. 216-220, (in Russian).
Amiranashvili A.G., Cornélissen G., Amiranashvili V., Gheonjian L., Chikhladze V.A., Gogua R.A.,
Matiashvili T.G., Paatashvili T., Kopytenko Yu.A., Siegelova J., Dusek J., Halberg F. Circannual and
circadecennian stages in mortality from cardiovascular causes in Tbilisi, Republic of Georgia (1980-1992). //
Scriptamedica (Brno), 75, 2002, pp. 255-260.

Khazaradze K. R. Comparative Analysis of Mean-Daily Value of Air Equivalent-Effective Temperature in
Thilisi and Kojori. // Journal of the Georgian Geophysical Society, Issue B. Physics of Atmosphere, Ocean and
Space Plasma, v. 20B, 2017, pp. 65-72.

Amiranashvili A., Chargazia Kh., Chikhladze V., Japaridze N., Khazaradze K. The monthly variations in
mortality from the cardiovascular diseases in Tbilisi. / Georgian Medical News, N 5 (242), 2015, pp. 53-59.
Amiranashvili A.G., Japaridze N.D., Khazaradze K.R. On the Connection of Monthly Mean of Some Simple
Thermal Indices and Tourism Climate Index with the Mortality of the Population of Tbilisi City Apropos of
Cardiovascular Diseases. // Journal of the Georgian Geophysical Society, ISSN: 1512-1127, Physics of Solid
Earth, Atmosphere, Ocean and Space Plasma, v. 21(1), 2018, pp.48-62



LagFAcsdmMabm bsdg(36ngHm 3mbygMgb3ns ,,316986030 35¢IbEGHOMBIBO LagsGmzgemBo: dmbodm®obyo,
369396305, 990093900L gHdoMgds“, BOMIId0, MdoOLO, bods@mzggwm, 12-14 g 3930960, 2019 §.

International Scientific Conference,, Natural Disastersin Georgia: Monitoring, Prevention, Mitigation“,
Proceedings, Thilisi, Georgia, December 12-14, 2019

CHANGEABILITY OF MORTALITY IN GEORGIA IN DIFFERENT
SEASONS AND PERIODS OF YEAR INTO 1993-2017

" JaparidzeN.,""KhazaradzeK.

"Ministry of Internally Displaced Persons from Occupied Territories, Labour, Health and Social Affairs of Georgia
Thilisi, Georgia
" Thilis State Medical University, Thilisi, Georgia
" Georgian Sate Teaching University of Physical Education and Sport
njaparidze@moh.gov.ge

Summary: The analysis of variations of mortality in Georgia in different seasons (winter, spring, summer, autumn)
and periods (year, cold period — October-March, warm period: April-September) of year from 1993 to 2017 was
carried out. It was found that over the entire study period, an average of 1230 deaths per 100000 people were
recorded per year. The highest mortality was observed in winter (345 cases), the lowest — in autumn (274 cases).
Over the indicated time period, in all different seasons and periods of the year there was an increase in mortality.
So, in 2008-2017, compared with 1993-2002, the maximum increase in mortality was observed in autumn (63 cases),
the minimum — in spring (40 cases each). On average over the year in 2008-2017, compared with 1993-2002, the
growth in mortality was 197 cases per 100000 people.

Key Words: Mortality, environment and human health

I ntroduction

Influences of natural, anthropogenic environmental (meteorological, climatic, geophysical, space,
anthropogenic atmospheric pollution, etc.) and social (economics, life style, medical care, etc.) factors on
the health of people are significant [1-5]. Seasonal variations in population mortality are well known,
mainly due to the variability of the thermal regime in the atmosphere (intra-annual variation of air
temperature, heat and cold waves, etc.) [1-10].

In this work the statistical analysis of seasonal (winter, spring, summer, autumn) half-years (cold
period — October-March, warm period: April-September) annual variations of mortality in Georgia in the
period from 1993 to 2017 was carried out.

Material and methods

Data of National Statistics Office of Georgia [https://www.geostat.ge/en] about mortality in Georgia
in 1993-2017 is used.

The standard statistical methods are used. The following designations will be used below:

Mort — mortality per 100000 people; Min — minimal values; Max — maximal values; St Dev — standard
deviation; om — standard error; Cv = 100-St Dev/Average — coefficient of variation, %; 99%(+/-) — 99%
confidence interval of mean.

Comparison of mean values of mortality in two ten-year time periods (1993-2000 and 2008-2017)
was produced with the use of Student's criterion with the level of significance a not worse than 0.01.

Results and discussion
Results in Table 1 and Fig. 1-4 are presented.
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In Table 1 the statistical characteristics of seasonal, half-years and annual mean values of mortality
Georgia in 1993-2017 are presented. As follows from Table 1 seasonal mean values of mortality per
100000 people changes from 274 (autumn) to 345 (winter). The mean annual mortality per 100000 people
is 1230454, in the cold half-year 654+30 and in the warm half-year — 576+26.

The variability of mortality in autumn higher than in winter and spring. Accordingly, values of Cv
varied from 11.9% to 8.2%.

Table 1
Statistical Characteristics of Mortality in Georgia
in 1993-2017 in Different Seasons and Periods of Year

Month Mean Min M ax St Dev Om Cv (%) 99% (+/-)
Winter 345 292 395 28,3 5,8 8,2 15
Spring 334 281 378 27,3 5,6 8,2 14
Summer 277 227 322 27,1 5,5 9,8 14
Autumn 274 209 318 32,6 6,7 11,9 17
Cold 654 546 733 56,7 11,6 8,7 30
Warm 576 472 646 49,7 10,1 8,6 26
Y ear 1230 1021 1362 104,1 21,2 8,5 54

Trends of mortality in Georgia in 1993-2017 in indicated seasons of year are positive and have the
form of a second power polynomial (Fig. 1). In recent years, there has been some stabilization and a
downward trend in mortality.

Fig. 1. Trend of Mortality in Georgiain 1993-2017 in Three Seasons of Year.

Trends of mortality in Georgia in 1993-2017 in three indicated periods of year also are positive and
have the form of a second power polynomial (Fig. 2).

In Fig. 3 data about intra-annual variations of mortality in Georgia on three periods of years are
presented. As follows from the Fig. 3, in the second period of time (2008-2017), mortality in Georgia in
all indicated seasons of year, was higher than in the first period (1993-2002).
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Fig. 2. Trend of Mortality in Georgiain 1993-2017 in Three Periods of Year.

Fig. 3. Intra-Annual Variations of Mortality in Georgiain Three Periods of Years.

Fig. 4. Difference between Mean Values of Mortality in Georgia
in 2008-2017 and 1993-2002 in Different Seasons and Periods of Year.

So, in 2008-2017, compared with 1993-2002, the maximum increase in mortality was observed in
autumn (63 cases), the minimum — in spring (40 cases each). On average over the year in 2008-2017,
compared with 1993-2002, the growth in mortality was 197 cases per 100000 people, in cold period — 106,
and in warm period — 91 cases per 100000 people.
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Conclusion

The more detailed analysis of the data about mortality in Georgia with the use of statistical methods

for the non-accidental series of observations is planned to be conducted in the immediate future, as well as
the study of the role of various natural, anthropogenic environmental and social factors in such negative
processes in Georgia, as growth of mortality.
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PHYSICAL AND ECONOMIC EFFICIENCY OF ANTI-HAIL WORKS
IN KAKHETI FOR THE PERIOD 2015-2019

Telia Sh., Kvesdlava N., Sauri |., Chikhladze V., Dzodzuashvili U., Tsereteli A.

Summary: To characterize the results of anti-hail operations, physical and economic efficiency was determined. For
the calculation, various methods and relevant criteria were used. In this case, data were used both for the period
before the onset of active impacts and for the duration of the work. Data were also used both for the protected
territory and for control territories.

Key Words: Weather modification, hail storm, physical and economic efficiency.
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Lod(3bg-gogz0bgma), AMIgmoai BoMmdmoagbl bg®yzoLadadmmagdol domamo 3mgyn30g6ENL
39mbg Mganmbl, bLBogdoobagsb (Lgdyse, JoGadbamoa, dmogmn mggdn) 360d3bgmmzbo bosbrog-
35 babmggmm-badgyMmbgm bagadammado [1,2,3,4,9]. 0ob0sbgdymo gamomdgda smbgzos sog-
DEmdom smdb 3948 oMb, bmmm doygbgdamo baMoma — sbgymmdaocm dommomb 356gmb [5]. o-
3o bagombo Lagomammgdal by@&yzobash s(330L MBaLdngdgdal dgbobgd. gobmmo Loy zymbab
60- 90 6emgddn 3obgomnl s J393m Jommmol Mganmbdo bomds@gdom gubdzombomgdos bydy-
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36m(39L930L, oo dmMab 3mbggd@oyma Godab bg@yzobadodo WEMdmgdal BoMdmJdbal, domo
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©3(330L Ladyydomgdo.
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3964890y Bbg30mbamgdes 3,2 b s 10,0 L3 Gomemab LogMdal s3sDmMbals 3dmby ,APC-3%,
,COH-4%, MPJ1-1%, MPJ1-2“ s ,MPJI-56% 8030l Gomomemmjsgon®a bopgn®gdo. omgomobys-
b bogmdsbom 39648y MAJNTAXUT 0l §o3ob Moommmzs@menlb 39d39mdoo bogdmws
3&3mbggmmb bBmboamMgds, MHmImal Imbs(3935b0 341dsggdmes b3g30omMa s3sModyMals bo-
dmomgdom sgmmmao@o gapolb dogH.

dogm abo393 GgMn@GmMnsdy gobmaggdnmo aym 34 LastGomgfmom-bats3g&m bagbey
By oo, Los e8mbEGsggdamo oym ,KC-19* s, 80-056 Bemgdowsb, ,TKB-40“ & 030l dgbode-
dobo Los@EomgMom s LaMs3g@m 35333960 obsEasmMgda. doma sgGonmn dmddgogdol Mo-
onbo — 12,5 33 s 11,6 38 dgLodsdnbaco.

Ly®YzoLednd 39Mgddn Mgoggb@al Jg@obs brpgdmes ,ANBOPYC-4“ Gndob Los@EomgHom
F9630b o ,AnasaHb-ob &ndob Ly@yzobobabosmdogam Ms3985d0b 89dzgmdoo.

Los®@omgfom umggdom ©834ds3980bsb bg@yzobadad 39Mgddo xg6 dg3dmboocm 3ny-
b gm3ommo Mg089680, bmmm 1-2 baymal dgdga — 3o 3MnbGomabomgdgma Mgog96@0.

30g®mmbgm3ommao s 3s3M0bGomadoMgdgmo Mgoa96@gdom semdn@azamoa bg@yzobobobosm-
3gam bobom3dnb (Mg, Mo39@s) bofmxgaol Lodysmm bm@mds ©sdmnadeymoa nym by ygobe-
dodo 36m(39Lgd0L LEddmogFgbg s bomgdbamdmddbals 3Gm(3gLolb 06@gbbamMdsdy. ngo dgoce-
396@s 303Mmbzm3nmmol dgdmbzgzedo — 2-4 bobomdn mEMdmal ©abadydaggdgmo 1 ,383 dm-
3@y ©s 853M0bEdmobogdgmol Jg8mbggseda — 1-2 6565680 1 38° m(3nemdsdy.
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dogmo  3gMomeol  go63s3mmdada  ReGemgdama  LyGygobobabssmdogam badydamgdals

dg9a900b Ladyomm beay@a dohggbgdmgda sbgmos:

1) Ro@amgdamo s9@oco Dg8mddgmgdol mams Mommgbmds — 45,

2) 0539d5390mmo bg@&yzobadoda Bmbgdol Momwmgbmds — 186.

3)  aobatgmmo Ly yzoLabnbosmdmgam 65653l Mommgbmds — 5400 (3.

4) ULg®Yz0960 PPggdal Momegbmds (bogsmammgdal bosbom) — 8.

5) LyBY30Lbasb sDNsbgdmma bogsmammgdol gommmdo (100% oyzsbamo) — 2800 3s
6) Bodogyco g59d@0sbmds —88%.

7)  93mbm3ogmco g39480s6mds — 2700000 356g00.

50b0dbyyem 3gMommdon bsgmbGMmmmm 8 gGo@mmogdosb godmaygbgdmms bam jobs s dma-
©obmg30L (sb. 60bMBInbEs) Monmbgda. 33 GgMnGmmogddg sMbgdmdes baemgddbmdms Lobdg-
3o, sbg3g Loy MmEombmazedn asbmagqgdyman Moomems@mmol bodysmgdom bogdmws
0533063905 3mb3gd&onMo mENdmgdol aobgomamgdedy, doma Geomenmzszon®o dobaoboo-
095 gd0b 3obbodmgMs s dgxsbgds [7, 8].

356bs 30 gdom Mbws smnbndbmb 1974, 1979, 1980, 1982, 1983 bmgdn, Mmmgbag byd-
330[)0803 36m(39b93L 3o0RbEsm SbmMIsenmFn babnsmo M3 godmabe@gds dgdwgado:

LyBY39Lddndn 396Mgdal gossEanmgdals domama bohJomy.
= byByzebedandn 396Mgdal sbmIsmMae own ggmdg@momma dmdgdo.

- b3y RMgmzgebo §adab bLyGygebsedndn 3Mm(3gLbgdal SbmBsrnMmo oo Momogbmds.
= ULgBYyzobodndmmgdal  3989a3mMoolb  Iomemagbo  ©Mbg,  asdmInbag  @AYYdgmms

F150MEM 353090 3065398 Mgoal dmba(393560wsb.

BgImombndbyymnsb 3o8m3nbafy, 93 dgdmbggzgddo d30MHgdmms bgdmgdgogdols Rodo-
960l m39MoG0mmmds; obadydeggdgmo dmzymmdgdal hoogbgolb domgo J3gmgdal 3mggo-
(3096@0 ©s dgbadadobaw, ho@omgdymn Dgdmddgmgdolb gi39d@& 0. 5badbym brmgdda LB odoabe-
356 (bg®yzs, JoMadbamo, mdgdn) EaDsbgdma LogsMammgdal FoMmM3s 3gog0bs domnsb
396M0mEdn sb0sbgdymo gamomdal 92%.

943980 Joormol Mganmbdo bg@yzobobobssmdmgam bLadndamgdol gobsbmagdobamgal [6,
10,11,12], ao60s 89dbognca seggmgommdabs, dImdbswgdymoas dgdmgan 0bgmmdszas:

- 6730mb0b §gMoGmMnsdg 5&ImbygMyma 35bgdals gsmssaamgdol M3omodgbo dndsGroy)-

9980l dgbobgd.
= LEIGILGZNM0 IGsgombmanma Imbs(3999d0 3§3mbygmnma Lbgosabbgs &odal 3Gm3g-

Lgdob FNbJ3MBaMgdabel MMYEmgdals Moommm3szonco 3o6Modg@Mmgdal dgbabgd.

- 6730mbob mAmaMogool gomgsmabbobgdom, bgdmJ3ggdol dodbodsmnMn o@zaMmgzom

Robo@omgdmo sMbgdemo Dmbgdol dgbabgd.

- 89dbognco 3Gmdmagdgdal (3033060, 30dmemymo bgwgs, bgdmddgwgdal 3mbd8gdmsb do-
babgmmgmo abgdo) 306084353y Y3560l Fgbodmgdemmdgdal dgbobgd.
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CARRYING OUT ANTI-HAIL WORKSON THE TERRITORY OF KVEMO KARTLI —
A RETROSPECTIVE ANALYSISAND THE PROSPECT OF THEIR RESUMPTION

Beritashvili B. , Burnazde A., Kveselava N., Tseretdi A.

Summary: The Kvemo Kartli region is characterized by a high coefficient of hail hazard. It is mainly due to the
heterogeneity of the relief. In the 60s of the last century, experimental work began in the region, and from 70s to 90s,
practical work was carried out to protect agricultural land from hail. The Samtskhe-Javakheti region was used as a
control territory. The average efficiency of protection against hail over the entire period of operation (1972—-1990)
was 88%. The issue of resuming work in theregion is also considered.

Key Words: Weather modification, hail storm.
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Summary: Analysis of scientific and practical works on the artificial impact on the weather in Georgia in the past
and at the present time (combating hailstorms, regulating the thunderstorm activity of clouds, artificial precipitation,
etc.). The prospects for further development of these works are discussed.

Key Words: Weather modification, hail storm, artificial precipitation.

I ntroduction

Scientific and practical works on the weather modification (increase and reduce rainfall, fight with the hail,
fog disperse etc.) in many countries of world are carried out [1,2; https://map.geoengineeringmonitor.org/].
For an example, on fig. 1 depicts the map of the countries of the world, where were conducted in different
years and are conducted similar works. As it follows from this figure, work on the weather modification is
accomplished on all continents.

Fig. 1. Map of the countries with works on weather modification [https://map.geoengineeringmonitor.org/].

Currently, there are more than 50 nations operating hundreds of weather modification projects,
particularly in arid and semi-arid regions all over the world. The lack of sufficient water resources limiting
the ability to meet food, fibre, and energy demands and severe weather impacts are the primary motivation
for these projects [https://www.wmo.int/pages/prog/arep/wwrp/new/weathermod new.html].
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Protection from the hail is achieved almost in 50 countries of world over the total area of approxima-
tely 90 million hectares (Argentina, Austria, Bulgaria, Canada, China, Bosnia and Herzegovina, Germany,
Greece, Macedonia, Moldova, Romania, Russian Federation, Serbia, Spain, etc.). In China anti-hail works
are conducted in the territory of 42 million hectares. The countries weather modification system employs
47700 people, and has an arsenal including more than 7034 rocket launchers, more than 50 planes and
nearly 6902 guns. In Russian Federation anti-hail works are conducted in the territory of 2.5 million
hectares, etc. [2,3; http://www.bjreview.com.cn/print/txt/2012-09/24/content_485733.htm]. In Russian
Federation in comparison with the Soviet period the physical effectiveness of anti-hail works grew on the
average from 50-82 % to 82-92 % [2].

In Georgia in the beginning of the fifties of past century the institute of Geophysics of the Georgian
Academy of Sciences began works on the fight with the hail. Later to these works was connected
Transcaucasian Hydrometeorological institute. In 1967 for the realization of production works on the fight
with the hail on the base of the Alazany anti-hail expedition of the institute of Geophysics the militarized
service of fight with the hail in the former Soviet Union was for the first time created. As a whole, large-
scale experimental, experimental-production and production work on action conducted in 1960-1990 in
the regions of Kakheti and southern Georgia over the total area approximately 1.2 million hectare (Kakheti
— 800 thousand hectare, southern Georgia — 400 thousand hectare) [2,4].

Positive effect changed in interval of 20 — 95% with mean value of 75 — 85%. Sometimes, when action
was conducted to the super-power "super-cellular” clouds, effect proved to be zero, i.e., was noted strong
hail damage. Almost in all works were used the crystallizing reagents (Agl, Pbl,), in one region (southern
Georgia) the action was conducted by the combined method (Agl, NaCl) [4,5].

Together with the works on the fight with the hail other work on the weather modification (artificial
calling of a precipitation, regulation of thunderstorm activity of clouds, artificial descent of avalanches,
etc.) to the Soviet period in Georgia within several decades were carried out. In these works rocket, plane,
artillery and other methods of active impact on dangerous hydrometeorological processes were used [4,5].
In 1989 the specified works were stopped. In the next years the damage to national economy as a result of
negative impact of the listed hydrometeorological processes significantly increased [6,7].

Taking into account this problem after 25 years of the interruption of the work of anti-hail service
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 on 28 May 2015 was restored [5,8]. The description of the renovated anti-hail
service in Kakheti and some suggestions on prospects for development of works on weather modification
in Georgia is presented below.

Results and discussion

Therenovated anti-hail servicein Kakheti.

The scheme of the anti-hail service in Kakheti on fig. 2 and 3 are presented.
The restored Anti-hail system consists of [5, 8-11; http://delta.gov.ge/en/product/anti-hail-system/]:
Contemporary weather radar Meteor 735CDP10 of firm Selex ES with a special software.
Central control station with the change personnel.
Automatized fire control system.
85 rocket launching sites.
The autonomous automated rocket launching device SD-26.
Anti-hail rockets (at present rockets “Loza-2" production of Bulgaria are used [12]).
Scientific group.
The group of the maintenance of radar.
The group of the maintenance of rocket guns.
0. IT group

A group of media relations and also with air transportation service, various ministries, departments,

municipalities, etc.

The weather radar is a C-band, dual polarized Doppler radar, which generates all the data to forecast
hail-producing thunderstorms. All that information plus the databases of hail-consisting clouds used by the

S A
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software with the specific algorithms to generate the areas, where the silver iodide reagent is to be dispersed
(fig.1). This radar placed in Eastern Georgia in the village Chotori on 1090 m height from sea level. Its
actual area is 70-120 km, but working radius is more than 200 km with good data quality (fig. 2,3).

Fig. 2. Scheme of the anti-hail servicein Kakheti.
The administrative centers of the municipalities of Kakheti: 1 — Akhmeta, 2 — Telavi, 3—Kvardli,
4 —Lagodekhi, 5— Gurjaani, 6 — Sagar g0, 7 — Sighnagi, 8 — Dedoplistskaro.

Fig. 3. Weather radar Meteor 735CDP10; Central control station; the autonomous automated rocket launching
device SD-26; automatized fire control system for 85 rocket launching sites.
Example of optimum ar eas of cloud seeding by the crystallizing reagent for the points of action by anti-hail rockets
“Loza-2" in the protected territory in Kakheti. Height of theisotherm -6°C = 4.4 km [5, 8-11;
http://delta.gov.ge/en/product/anti-hail-system/]
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The central control station is a dislocation place for the personnel, where all the information from
weather radar and rocket launching sites are gathered, processed and where the automatized fire control
system is. The automatized fire control system receives the data and the areas of seeding from the special
software of weather radar, defines optimal launching site, the number of rockets needed and sends the
orders to the proper launching devices (fig. 3). The central control station is located in Tbilisi (80 km from
Chotori).

The radar monitoring of hail processes, analysis of meteorological situation in the region of action
according to the data of radiosondes [http://ready.arl.noaa.gov/READY cmet.php, and also all other works
on conducting of operations on the distance action on the clouds produces group of 4 operators (16
operators to 4 groups).

In the work of anti-hail service is provided the participation of the scientific organizations (institute of
geophysics, institute of hydrometeorology, etc.), which must exercise scientific methods leadership of
works, participate in the instruction of personnel, carry out the analysis of obtained data, improve the
existing procedures of action on the atmospheric processes, develop new, etc.

To protect the whole region of Kakheti (800 thousand hectares), it is required to place 85 launching
points — one in every 10 km, which is a working range of anti-hail rocket. 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 (fig. 3). The launchers at the heights from
205 to 1775 m above sea level placed.

The physical (95 %) and economic (at least 28000000 GEL) effectiveness of anti-hail works in 2015 —
2019 were not worse than it was in 1967-1989 [13]. It is significant that if in the past in Kakheti personnel
of anti-hail service comprised more than 800 people, at present this work it ensures only 33 people.

Per spective of development of wor ks on the weather modification in Geor gia.

Natural disasters can be fought with both active methods (artificial impact on clouds and fogs, forced
descent of avalanches, etc.) and passive means (various restraining engineering structures, disaster
forecasting, etc.). Scheme for the development of works on weather modification in Georgia and related
activities for active and passive prevention of some types natural disasters on fig. 4 is presented.

Fig. 4. Schemefor the development of works on weather modification in Georgia and
related activitiesfor active and passive prevention of sometypesnatural disasters.

The next expansion the works in Georgia on weather modification is planned (Fig. 4).
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Acting polygon — Kakheti (black points — rocket launchers). An increase in the number of missile
points; installation of an additional radar covering the territory of Kakheti (Fig. 5); creation of an
expanded network of meteorological stations for ground monitoring of the results of active impacts on hail
processes and precipitation, etc.

Planned polygons.

Kvemo Kartli (yellow points — rocket launchers). In this region in the past century was polygon on
the territories of municipalities Tetritskaro, etc. [1,2,4,14]. In the environments of the territory of
municipality Ninotsminda the work on an increase in the atmospheric precipitation was conducted.

Shida Kartli (blue points — rocket launchers). Polygon on the territory of municipalities Gori, etc.
Planned period of the beginning of anti-hail works — 2019.

Samtskhe-Javakheti (green points — rocket launchers). Polygon on the territory municipalities Aspindza,
Adigeni, Akhalkalaki etc.

Mtskheta-Mtianeti (red points — rocket launchers). Polygon on the territory of municipalities Mtskheta,
Tianeti, etc. In the environments of the territory of municipality Tianeti previously the work on an increase
in the atmospheric precipitation was conducted.

Territory of the capital of Georgia— Thilisi. Work on active actions on atmospheric processes with
the use of rocket technology for purposes of safety of population here are forbidden. It is possible the use
of aircraft technology for the hail suppression and to the atmospheric precipitation regulation. It is also
possibly the arrangement of rocket points on the boundaries of city for the action on the hail processes out
of its territory.

Ajara. It is planned to organize work to reduce excess rainfall using ground (rocket, aerosol genera-
tors, etc.) and aircraft technologies.

Fig. 5. Estimated location of new

To improve the efficiency of weather modification works in Kakheti and their implementation in
other regions of Georgia, it is planned to purchase several new meteorological radars. In particular, on the
territory of eastern Georgia, it is planned to install 1-3 additional radars, which will be interfaced with the
existing radar to Chotori. An approximate diagram of their location is presented in Fig. 5.

Is assumed the expansion of scientific studies on the development of new and the improvement of the
existing active and passive methods of the prevention of natural catastrophes (hail, thunderstorm, shower
precipitation, flood, the dust storms, fogs, landslides, avalanche, frosts, drought, forest fires, etc.).
Renewal of the tests of different existing, improved and newly created ice-forming and hygroscopic
reagents, and also other artificial aerosol formations for the active actions on the clouds and the fogs, fight
with the frosts, the smog (pollution of atmospheric air) [15], etc. In near future the production of anti-hail

220



rockets with the improved ballistic characteristics is planned (increase in the effective radius of action, etc.
[10, 2,16]).

In particular, in order to increase the efficiency of passive prevention of natural disasters, it is planned
to build a regional model for the relationship of radar parameters with the above-mentioned dangerous
hydrometeorological phenomena. This will allow for an early (several tens of minutes) warning of the
population and relevant authorities about the upcoming dangerous hydrometeorological situation.

Examples of radar monitoring of hail processes, rainfall, and dust formation migration in eastern
Georgia and its neighboring countries (Azerbaijan, Armenia) are presented in [5,17-20]. In the case of
relevant interstate agreements, it is possible to organize an international service for short-term warning of
the population and emergency structures about the possibility of dangerous meteorological phenomena.

Conclusion

In connection with global changes (climate warming, an increase in the number of natural disasters),
works on the weather modification is of particular relevance. In the last century, Georgia was one of the
flagships of these works. After the restoration of the activities of the anti-hail service in Kakheti, which
proved to be effective with minimal maintenance, there appeared prospects for further development of
work on weather modification also in other regions of Georgia.

In the foreseeable future, it is planned to elaboration both active and passive methods of natural
disasters preventing.
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sbm@s(3ns: 433306 980L dogm obGmGomemsw dsgn dgolb bs30Mgdol 898-6s3emgdow bGsdomamo Jwgm-
dsmgmds gogbomgdmes. XIX b-ob dgmeg bobggmowob jo, dogn dmgol @mbols s6g30bs (1,5-2,0 §3/66) s
sbomm3mggbumo 6696 gd0b 3ommdgddn, dmgol jowob 9306 6930l dGsgscmn gsd§o wogngfbomos: beba-
dob g gdo gmdbayen (dg. 6. o IV-III bb) (30bg-bodsg@mol — ,omb ool ” wobamyggs, dggmo gsgmol dems-
g980b B gzbge s dofmoomswn bs3omols 98Msbns, jmenbgomol bobosdommb (sbs jemos-ymenggo, ,woowo® 3mb-
daemobs @s doemosygalb 6s306930) @ga@ems (30, Jmdmmamn-dsmadal bobsdommb 6amgzs s demogalb dm-
ol Bomge3bge. XX b-do dsgo demgol bobsdomml dwmbgdmngds aofgdmd demngmo 66gbo gobozos: bagodmm
(3monn, dooedn), boymandem (gogms, bmbydn) o Lodbgomm 3mm§gdols (mBsdhomg) 8dgbgdenmds; boddy-
bgdcemm G gbambgdols (semmgombo s 3mognl Jg0ds-39646s60 gEs 300l doboems) sogabgds; Sowmmgbgm-
39603900 (39b-980) 3mI3mg bgdobs wo@nmaddolb 0bgmob@ma@amalb Ggomodszns o bbg. bsbsdomm
Bmbob sogobgdolb dndsbdgbmbormmdsd bobsdomm bobBgdol — ,d0bom g-drmge-bsdomal™ gmbdz0mbom gdals
dgbabBgds s Hggge asdmabgos. bogbsgnmgdol stegmbagmaem 3dgbgdmmmdslob ghmomsw, sermgombobs
@5 3ognl dobsemol gobowgsed (35 dmb 8, bs30m s (33590 6 3065-898mbols (bLad xgb0 o Boemmsed g jems-
30 Jooemgdo, dagbols bgmos, e@bgbobs s ggobmbama dmm 39d0) 3mbbEE 9 30980b ©obgMazsd, dnbst -
0o dgbemmaggdol Gggmemngdsd — bs§obol bobodnmml gobbgmago dwmbgdfmagn bsgomgdol Logm 3986 0z0
@39 96 (305(305 358m0bg09b. o3 gsdsc, bobydgs domn bggoGonma dgwgagdo(s: bsGsbob bsdomal gobbgmo-
30 653500980l @0l 35 98 genmds; 3mognl s@gommdFingn ,i5900 65693639806 936930l 3 3539000 DS, do-
00300 65306980l 3865D00l godmmogmgds s .d. s38mmo (300emm3lL ol 3098 9o bsjomgdol as6ysa-
B0b 80B5%580bs @5 omagbol sFoBFmoorznmern-06mzsz0mma mmbobdogdgdob (msz0bmazscmo 3emsgol do-
boemols dmdocmndo(300-3mbl g goz00, b330 90l o339, ©ob3H9&wemo bogogdols Ggobnds(zns, demayggdol
o960 5 bobgmdmngo g4b3crms@o30s) dg8mmagedgdob.

bs3356dm boByzg80: 5865D0s, 3emsgn, 6330610, 6306 S (330

Bm3gdobs o Mm3996g930L 63306 5d0L vm30Lgd0l Mebsdgmmszg G9bwgbzns ,drge-badn-
0b" Lob@gdob gMcmNobyzMbmdn M@, 3gmgzmemmaon 360d3bgmmdsbs s LGMoBganym 3m-
&96(300mb g56bsDE3Mo3L. Mom-g-ys6g0mmb 3mMbggMgbznal (1992 B) dsbomgdo s J39ybals
39bmb3gdmmds s@sb@Mmgdl bemazalb badnMgdol smwagbs-a(330L 30bsb6dgBmbormdsl.

6336m3ab 53m(3365: 6530M0badLB3MNg0 Bo3ogdal sbmMM3magby&n B6gbgdals sbomndo,
bobadomm Lol gdal ,8bsMg-drge-badnmn” Mm3z930Ld S M3Gndom Mo badoMma(3g0l dogds.

33m930b 3gomEgda: 3mORMEbsdogyHo — Ba30MnbasbBgmogo Bs3ogd0b LogM(3g-Hm-
000 0RgMgb(305(300L Mg3mbLEMY (300 S FMMBMEN653030L S6sMnDb; domsbbyyMoa- Labsado-
b HomgbmdMog-m3z0bgdMago 3oMadg@mMgdal asdmgmgbs; ggmdm@mgmemmannmo — sMsb-
&obsMGMmo 6330MEo(330L d0gdaibe@obol magabygsma dogmaznal bgmdgbymds; bysmdgg-
3o 3Mgd3dn 658960L 063 30L 0030056 sFNEYds; drmeyob gR0(30GNL smEanbs;badnmms(3-
3030 3(3069656B 760560 (Bo@obol godgmEgdomo dmbowgs) §gdbmmmanal @sbgMags.

B30l 3moggdabs s 63306M0basbBgmngn bsgomgdalb 339ds Lbgoabbgs BModz0nlb senyga-
mboo (3mmbgmdn 1-2 33, sggbsdgmbs s sgomada 3-5 1), 356Rabs [1] s BadnFabodGsbanls
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dobomgdom bmM(309m@gds. LBI3nMMLasLBgMngn bs3ogdo [2] dwnbofmgms dgbammazgdmsb
0bygds s dobomal godmemazol ¢dbgdmb dmogmemgds, 3gmdmem: 1. gbmu-dbogo — 35 33;2.
3bog0-daggoboms — 11 33;3. doggobmo-3ogbos — 17 33; 4. sbomo sommba — 39 33; 5. adabos —
10 39; 6. 3gmoby@o — 24 33; 7. 3mommo — 69 33; 8. gmmo — 37 33;9. gmmbo — 33 33.608560b
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oh39690L, bo30Mal MmAd 315 33-056 3900358 MBg 9 bmbgdMngn bs ool bgmmazbydn wogggb-
(309(300L go3m, 165 33-0b drgal 3oy o6 Lobsdommb 52,4 % — 53 3oMo babgsgmomo sdmh-
bo s 27 ©ob3Mg@mm BMegdgb@om anym.

03&™Mab d0gM, bo@obals bobsdoMmmbgabbzMaga bo3owgdal s6mMM3magbyHn ©s@gz0Mmmzgg-
30l Ladn dofomawo dobgbo aobabamgds: 1. dabomgms dgofn hodmbogbabs s jomadm@g-
30l Mgammomgds; 2. bemgob babsgbsanmm 3md3mgdbgdol dmbymds: 3. sMagmbogMeyma bo-
30M©5(339.

1. 3nbsmgms dysma Rsdmbogbabs s 33ma3m@ab Mgaymamgds:

3) 4. gm0l b3oMo sGIMM3z0L M3300056 530 gdal Babbom, 3. Hombob 3sdsbsbogdgmo
6030b 89969353 (1939 b) Bymol doMomawn bszomn 3m&mE ol AMmomm — badawalb ¢ds6dy gows-
0&obs. 3mM G0l Immmb dogH 658060L Lobodnmmbasbbgmogo bogowal demm jaMgdsd 3o 3. Mo-
mbob gm@ab sg@oncn bGws (102-235 3o, 1,1 35/66) dgohgms, Mobag 3m@ b badbGgo 1dsb-
Dy 3mogol ,g9@s Bogsbgs” (6,25 3s, 0,6 8m68°) [3,4] o 6300l «3560sbggs (60 8/66) 8my-
35. 935M0m0 39603g@ Ml bodnMoa(339 34960l LyFMnnbs s s3dal 3dgbgdemmdam 396 dmbgm-
bos. bysmdzqds (-438) 3gmddy B3Gamo (0,15 33) d30d0b Mggmmoamgdsd (1975 B) 30 3emogal
>003965b bymo 396 dgbyem [3];

) 3. 9banM-3gb-abomommgabo 3odbmals dog® (1978 B) 3moybsmdmd bgmo Rsdmbawgbals
(370 000 3°) dmnmmdob 92 %-000 0539393 [4] 03 dabomall dgbammsagal 3mbs33g0dg bado-
ol 9396006935 (5-7 8/66) 35dmabgns [5]. BB obalb domabbo @snMmmas sbgzg dw. geMabBymab
(bLatr0Bo oFbn) gboGmagmsb g.6. ,dmb0bgxygdEob” gm@m3amgdal [6] aodm;

3) 3. gmMmbal Hgammomgdobs s sermz0mbal demm oM gdal asdm, bo@obal dmsymemmdals
65%-00 3933069853 [4], dog80l sgHmM3MEE b s dymgamal BodoMgdo sz060gm Jpamds-
gmdado Rosygbs. dsmdals 3maggdolb Bamgibgel bgma dgnbym sadgmgg dmtmbol Bysmdsg-
dd 3960mbals go5g@0Mgded, Moz aMganmomgdamo dnbsmal bo@obdo ByMamn gMadoob-
bo@obn dobamanl Bysmdzgds 3060mbBdn dmsbmgdnl godmogMgdom Mbos 5ablbbsb;

©) Lobadommb SbmEmM3maqgbyma bbgbo, ,8nbaMmal jomadm@n-3mogol* bLob@gd0wasb, 6o@e-
bob gobogsbs (35 dmb. 805 doemoblols oMm3935d0 (110 3-als ©sbs3mabo badnmal ymggem
amdog 3-bg)a08mgmnbs [3] @sdofomsmsm 3nbsmggdal 3m@mEal, gbanal, Gombal, gm&m-
bob gomoadm@gdlb dggbm. (3650005, MM3 3magal 363539 gR0(0Gs 6330Mgdal 53 3ot baMggs
a5dm0bgons.

2. dg0b Labagbospanmm 3m33mgdLgdal Imbymds:

3) do30 bmzol mRs3RMOL Labs3nMmMb obogmy® 1dsbdg Ladbgomm 3m@ENL (g5dgbws
1934-36 66) 39Dmdgm Jomby@as ¢dsbDdy bo@obals 633060l gobbgmngn B 300 aobyws, Moba(s
Jomodob gomamgddo badomals 250-300 3-0m 396 @obggs dmygs. BodnMes(330L 30bboom 53964-
o 63065-89@mbab baggdmdoms (60 dbs, 4 33 Log@dob 39gmn) BsBoro sNbaMs ©s co-
30L gnbgosl 396 SbEMmgdL. 33gsdam, 3magal Dmmon godJMomns ©sbs3damMmal 3MbEGnsg-
&0 33MdDasl gobo(znb;

3) gm0l 3m@E0b 3d9bgdmmdad (1873-1883 Bb) 63060l JomdmMas ¢3bal Bmbabbmmmds
30035 ©s 3magol 06@gbbommn Bomgsbgs oxgndboMws .LoobynbGm ©s(330L donbgosgewm,
JoOdnMas ©abymg@nm (306dymo ©own) Mdsbdy badnmal 396 abgzsd 800-1000 3 (20-30
3/66 56y 300 35) dgomanbs. gmmal badm@Gm 3m33mgdLol Jom3nmMs (bodows) 1dsbDy 3o Sme-
gob doboamal bszdome Gofmmm Jz0dnlb bmea (470 3) ogHmzws;
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3) 3509930l 3mAGabos (1878 b) o 170 3-0b gDl 339695mmda3 ,04960L gx5gJ@0“ Bodmdse,
bmmm ba3nfMnbaabbgmngo bszoal abiMg@mmmdol godm ymmmeabbysmo-3sbnbgsno-dmdy-
mgmob 356Dy 658960l gR0(3080 s d35M0ma bLodsznal [7] ymEIamgdsl dgubym bgema.

3. 3M3g3mbagMmyman b33nMp(339:

3) d0gznbmob Lo ggOHmEEGm 3mI3mgdLbob o330 B0bbom, bgaMmo(3980L bsgoal dgdbgag-
3oL dmemdo s39d9ma Gommadmowo 3o o, demngmo dGm@dab (1968-1969 6b) dgogasw, ogo-
oMM ©o0baMs, 3mogndmmosbsw BaoMgisbs. LagNMMOG™ 0bxymabEmn]&nmal ©s3slb
000 domabbdggs s aMmobombdymoa bofggdo dmaombmgs [8]. smbgMomo biyMoma @abggbgdo-
Lo o badnMEs(330L boggdmdgdal 3d9bgdmmdols sGogmbagMmm 3Msog@n3odg 398 y39mmadl;

) dggmo goafal 6530659658960L GMbDoGmma bs3owals (30000 3% ©0b3Mg&mmmdabs
5 Bo@obob 3339000 @gR030@&eL Jodgbo bs33nbogmal 5d9bgds (1914-1916 b6) gobws. de)-
BoblbgMool JoObyMas MdsbDg dmogol 83306 39w boMmg3bze” s badnMal sdMabas gode-
&mbws [9]. M 3065-398mbal boggdmdgdozn d&m@39d3s (1967-1968 66) LogMdbmdmom asbaos-
bo 5 6330M©d(33000 FMb(300L 39 SLANMados, MMd(3e dbamon ,qd3g0s Batgsbzalb” 3Gmgm(30-
61900b 335mmogs(3 obgbwy;

3) 39360l 303gdsmg mbgdo-bmmmebans Mgh ol 6a30Mdg, B 30608Dal bobalb sdMaboabe-
356 ©s(330L 30Bbom, dbals bLgFoals 3dgbgdemmdad, 4. asgmal drgob 30gdg Badnmabaslbbgmo-
30 65390000 g56939@° ©a3moyggdal 93900 bomgbze® [8] godmabgns. sgoGogmm damdsfmgmde-
do 03mAbms gogmal bysm3mdamoggdal Lomagm boggdmds s 3oM 3ol dbal Bodafa. badam-
(330 80Bbom 32 dmbobs s 3gemob 3d9bgdmmmdad M3gBgdd&o godmabgns: ymggmo dmbabs
JoOdnMas MdsbDBy ,dzgs Bomg3bzab® sbaema sz30Mammn 3Megdgb@nb gohgbsl Jmbws sgoma.

3bgogbo gog@gdo 9335Mow AL Mmamm (s LogoMomggmmb dogo drgal, abg dbmggmomb dms-
3o bobadnmm ¢dbgddy. dzgmo Gobabol, 30@0b@ b, ombyn@aal, gmbombs s Lbg. dggem-
d96dbyemoa (30b9-bodogMggdal BobaMgszgdol dabgzom 83 30Mss 6a30fgdal abGmEManmawo w3o6b-
obggob [3, 7, 8] domomo §qd3gda. bodnmgdol bgyMmgzal bobamdmogo &qbwgb(znals doybgws-
390, 6330M@(330L 0bGMMas XIX-XX bl Boxbobg snbym s batggbgdoo Batadstmms, dg(360g-
o oLOEYmgdobagsb ImAL npas s Sbama 3MbLEGMYY(30900L dgdbol 3Gim(39L3dn d0dwnbe-
9moEs. (365005, MM Jomn bggs@om®n dggagdo GoMmmm ao3M(39mEd s d9bgdMngn 0gM-
Lobobagsb dm@L ndymezgds.
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53¢193500, bo30Ms (33530 Mmagabygsma bymmzbyma 3maggdo gomom Mgamadsznsl (gb3s-
bgoma, ggc3sbns, abgmabo, 533) 3mmmmdl. bojoMmggmmadn bgmmazbamo dmmoygdaolb GoMmmda
120 3o, beaemem @o3ygmo badomal bog@mdg 60 33 smgds@gds [7]. mogobygsmo 3magol gdb3gMo-
3960 goamal badomdg (1990 6) gobbmzngmms. bo@obal bgmmsbymo dmbowzal (2,5 3mb
3°) 353m 3mogal gomomdo 20-22-%96 350DoMs, 839939ma300L dmyemmdsd 10600 3° aMdog
30-%g dgomgnbs. M 3065-398mbal 3MbLEMNI (30900 3magal Fobomoom sagsms, bmemm bobsdo-
& ©obIMgEYmBs b5 3ogdds Sbnmm3ma 9bnMedogmn damdstgmds smowanbgl [10].

35360b  94b3gM0dgbE 0L gomzamabbnbgdoom, mogabygema 3magal 894865, mRsdRomMals
3mM&ab [10] ds6msb (Bob. N 1) gMmo, bo@obal Mg3sb0banl 3G06(303000, Jnb6dgbmbacmas
LembBobs s mmab badoMgddy. 3gbyErmm-sdMsbamm badoMgdal (3monms, 39@HMHmM3s3emma-
bgob 3gByMagda, Roggn, dobobxan@n) bGsdomadsnol obbom GFMowazogmo — sg@oyco bo-
306005(3355 398mM3535dgdmmo.

©5b336930

1. 5@ 0o badoMma(330L (H3069-098mbol 3mbLEGMMJ(30980) bgas@oya dgwmgagdo:

Loddg6gdemm Fobomgdals (6 3060-09@mba, Fmmowo, by-Gyg) oo bofmxgda; 3gMomommo
9dmbGab hoGomgds; @adsmn g3mbmdoznmo gugd&nmmds; badomwsazgalb bybGo nboma; be-
960l bodnmabgobbzMogo bogomgdal abyMg@nmmdol 30dmbggzs; Jzgms Batgbggdobs wo
886M5boal sdgms; GuEabGnm-MgzMgsogmo dmbal 0g@m-bobol ©sdobobygds; 3mogol o8-
ogogmmdobs s gbGgmognto momgdmmgdol sgzgomgds.

2. mog0bmgamo 3maogol 3dgbgdmmdol sobgmazal 3Gegds@madgmgagdo:

3) 93mbm3nznMo 9B NMmmds: 1Lsd3gbgdmmes LaMBmMBEM bafxgdal 3gd(306gds, ©g-

BoEo&co 35bamgdob (39396@0, mommba, bal 8oboms) g3mbmaBas; 3) bmzesmyMo gugddg-
d0: 0bgzmabB & nMob m3E0dada(zns; badoMgdals s@Madommmdabs s gbGgmognco mafg-

dmmgdolb smEagbs-dMms; a) agmggmmmaonMa: 53Madaabs ©s dzgoe Batgsbzol megzowsb
06007gds; badnmabgsbbzMogo bs3ogdol Mgammomgds; 3magalb og@oyMa domabbol 354360,
93MMa0n®o 356093mb M3 080ds(300; ©) 3MLEGIbEIMGYma br3aMEs(335: dg&mbal bogg-
dmdgool gdmb@ogn; bo@obol bojoal Mgobods(sns; 3moygdol smEagbs s bobaMdmogo
Mmoo dgbsmhAnbgds; Mg3obnbgobs s 3(3060965MRAg60s6n Ggdbmmmannl obgMags; 3(z0tg-
bomhgbnsbo §ggdbmmmanal 3M0bz030b sbgMmags; g) 3g(360gMyma abmgszns:igmbagmyman
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BLACK SEA DISCRETE COASTAL FLOWSAND COAST PROTECTION
Alphenidze M.,Gongadze M ., KorsantiaK ., Mzarelua L.

Summary:The following is being Reviewed: Optimization of Black sea beach system “river-sea-coast”
Anthropogenic presses,Recovering beaches, effective coast protection.
Searching methods: Morphodynamic, balanced, Geomor phological.

The following was detected: Formation of discrete coastal flows: 1. Regulation of river runoff and riverbed; 2.
Arrangement of port complex; 3. Unreasonable coast protection.

Suggested: scientific confirmation of economic and social effects of free beaches, pragmatic aspects of long-term
exploitation, recovery protection of beaches, coastal flows of debris, Non-standard innovative coast protection of
Bypassing-Repassing material and by the principles of small residual technologies.

Key words: Abrasion, beach, coast, coast protection
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PREVENTION OF THE DANGER TRIGGERED BY AN EARTHQUAKE OF EXOGENOUS
AND ENDOGENOUS PROCESSES, USING A COMBINATION OF GEOPHYSICAL-
GEOELECTRIC METHODSIN GEOTECHNICS

Odilavadze D., Tarkhan-Mouravi A.,Varamashvili N., Arziani Z.

Summary: Due to the presence of sufficiently complex and diverse forms of karst depths, which cause a weakening of
the bearing properties of the soil, geotechnical, in particular, engineering and construction sites, may be at risk of
damage from an earthquake.

Due to the possibility of the presence of complex and diverse forms of karst cavities, geophysical work was carried
out comprehensively by the methods of GPR and vertical electrical sounding.

The use of vertical electrical sounding determined the lithology of rocks, and the GPR method determined the shape
and location of karst cavities. The results obtained by the VES and GPR methods are in good agreement with each
other in the areas of their overlap.

Key words: earthquake, triggering.
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gmod&c“ bLo@noznsdo dgman LogM (39900 ©S 3gMEmao® asMgdmbdg obadggdo dezMemao
894bm-sbnmm3mg gbno oG 3z0Mmzgdn, saMgmgg ob LadgnMbgm-0bgMab@mn & menmn mdo-
938 9%0, HM3mgdbss dgadmgdmms ©834)dMgdmes ggmmmanna bndos.

LEogdoob LadadMmmgdobasb Fmbabmgmdal s (339-50d3Ed(300L S GgMoGmMoal bogH(znmo
sm30bgdal 9539980 doMmzol dobbom doMggmymgmoabs bago®m ngm eagbomo ymgnmoym
930mbome@ 3obd@oddn, ghmab 3bMog, yzgms babob Ladado ggmmmaoy@o dmzmagbs, domo
009680x80(300905 5 ©s3306395900 3Mm(39L9b0b ,,4(3930L% boboomnDy o aobgomamgdals &qb-
©9(3090%9 ggmmmann 35693mb Lol gdsdo dgdsgam 03 3Mm(39baedbodmgmgm bimdbEob by
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BmamMog oMol Jobgdalb dgmagbommds s doma 33Mdbmdasmmda-Myg393@mEmma mgabgdgdo
535 o) 0d bobob ggmmmannmMo 3Gm3gbobswdn s Mgmogxol 9bgMag@osmoa 3mEgbznamoa,
boemm, dgmegl dbMng, @oagbomoa ymaamoaymb ggmemmannmo 3Mm39bgdal dodmmgmzntgdg-
mo obgomo bEMJsLEGFPMo BodGMM-53968gd0, Bmammas oMol 3madsd ol sdysmgdygmo bEoe-
&ob@ogymo dpagmdsmgmdo@sb asdmbiymoa dg@gmmmmmaoy®o gmgdgb@gdol 333gmMn goob-
960 IMs35mbBmoy@all Mgendowsb, sbgzg 3060LdzMgdol gosd@ommgds s sbmmmM3m-894bmag-
by&o Dg8mJdggdal 3G5bnbgo gagmmmann® gomgdmdg s bgdmo hsdmmgmamn god@mmgdal
3dmbs(398900L go0bomnbgdady oymbmdom awagbomo ymagomaygmb dsma bobgmaoddalb 3m-
9309960 3o33060.

bogommnggmmda XX Loy gnbols 3gmeyg bobgzMowsb agmmmann®o bLBogjool dobdEodymds
3563000067353 o dom sMgom3do dmgzgmo sbabmgdmmo 31648 gd0b, Lonbygobim mdogdd -
d0b o J39460L Bmegmgbo Lodwowmal dabolb Mgby@Lgdal (obgos dgdrEm) ©s(330L
035mbabdM0bom bagnMm gobsws d943bnmaym sMogMon oyMoeogmo ©m3ndgbGo ggmemmaoy)-
&0 bBngool doMmzomn Mbabdngdgdal dgbobgd. 85Lmsb 308sMmgdada 3oMzggm ymamoabs gqm-
mmgool bobgm3bogm LadbabyML oggems J3gysbsda ggmmmanna badodmmgdol damdstg-
M0l dgbbogms — dgggebgds s doMmgomo mmbobdngdgdalb dgdndaggds.

03 39M0mEoEsb dmymmgdamao ,badagmmmans® smgamoa Bmagdol 3s6damdg sbs@mdmgdws
939460L 3oLdGodom ggmmmanytn 3MmM(39Lbgdolb 3oMmBoMgdal, bLbogmmdws doma BoMdmdmds--
95d&035(300L 30bgbgdL, sx3sobgdws domn bodndmmagdol Malgl dmbobmgmdabs s Ladgy@bgm
0bg3MabGOJGnEnmo mdogd@gdobswdn, sagbms LogMzmMdMogo asbznmemgdal Lodmgmadl
s d9byMgdabs s mgoM(3Mxygdal 3osbEMYdL ©s 539dsggdms Lbgowabbgs dabssmbabs o
35bdEod0b LonbygnbGm-g9mEnbado3ne G 390L. mgobsmgol bajosGmggmmlb dobdBodom oMbg-
3mdL bonbynbMm-ggm©nbadn 3nfo 3mMI3mglbaca Gm39d0 1:200000 — 1:50000 353 G0ddn, bm-
m 1:10000 — 1:25000 351385630 L3gznomodaMgdmmo bonbygnbMm-g9mEnbadn nM-dgmomms-
oo G 3900 37 3qbazndsmo@g@obsmzalb J394bab bogMom gommmdal 45%-bg s (39em39-
aemo 3bos0dsmo@g@gonbomgol bGodomo dmzmgbgdol Lobgmdommdol dmbobmgmdobs s
Lobmgmm-badgyMbgm 30693l ©oDNsbgdsmdal batabbals dobgwgom Mebgomgdmmao ngbs 3m-
99%30(3096&30 0-ob — 1-5300y.

dmogmmdalb ogemgdom dgbEmmgdnmo Ladndamgdol s6smnDdabs s gobdmasmgdals be-
Bdz9mbdg 30Mzggmom 3mbELaddgmms LogMzgdo odndogms s godma(zd ImbmaMaggammao
6o 33930 LLogomggmmb  GgMoGmEmnsdg gMmDanlb bLobabssmdogam ggbgMomymo  bdgds”
1981-2000 6emgdals 3gHomeabamgal [1], ®m3gmdoesy gobbomamaos J399sbsdn gobgomatgda-
mo yggms babol ggm@obsdogm®n 3Mmgbo s oMdnmMbgdmoas bLadndmmgdal Mabgol dobgro-
300 gmbogmo, 396yErmm-g@ego@o(30mmo s M3MmBmo 3Mmigbgdo Gmamez bEndonco
39mmao®o 30m39bgdob EM30656@0, dgbadsdnbo MMBoLJdngdgdal @obobgom eddozqdy)-
M0 s 353m(3939m0s sgMgmgg 9fmdool bobnbssmdwgam g9bgMamama bjgdol dgdoaqgbgmo
L3gnomDaMgdnma Mz9d0: bojoBmggmmlb GgMoGmMmnsdg Ladoda ggmmmaoym@o 3Gm39bg-
30l g9630m06930L LobygobMm damdsmgmdal Myzs 1:200000 3s13Eoddn s LadsMomggmmb
&gFo@mMool 3gbymmo ©s 33N MBI oDs6gdsMIaLy s LsdndMmgdal Mabzgdol
3900 1:500000 3513898d0.

Logomnggmmb GgMo@mmosdyg LEodond agmmmaon® 3Gmisgbgddy Ro@omgdymo dMe-
35mbm0sbo 33mg398000 Jomgdymo 3ggagdol sbammabobes ©s gobdmasmgdals bogmdzgmdy,
3ofzgmo 3mbELadgmms bogm3930 dmbgmazalb bonbygabMm-ggmemmaonabs s dnMmggmmmao-
ol 0bLEGNBNEOL doboDdy edMddzs d3Mgmgg gbyMgdol, mzeM(3MBgdabs s brgol badnfg-
30l bobadnMmmgdalb bomg3bzolb (s3Moboab) amdgmazansbo 3Mmabmbdo 1981-2000 Brgdals 3g-
omEobsmgzol, Mm3gmms dpgmdsmgmdol dgwgagdo dgdmbagdymo s owsb@ymgdamoa agbs
domamo bondgmgdal 3mMgR0(3096E 00 ymazgmbmanma agmdmbo@mmabammao 33mag3gdnm. bLad-
babommeo 2000 Brmob dg3maga agmemmaono bLd3odMHmMgdol afMdgmaaosbn 3Mmabmba sme
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5393539899, o3M33 oMbgdemo nbgxgm@mBsa(30s, Mmam@ag dsbaby@o bogmdzgma, bodmsemg-
3oL ndmgge ggmdmbogmGabama 33mg3980L 3gH3sb696@ymn Bomd3mgdabomgol, Gm3gmba(s
2005 bmodmyg sbom8mgds ,bagagmmmaas®, bmmmm 393wmga go6gdmb ©a(330bs o Lmgemals 3g-
M6 gmdal bLadnbabEMMyddn dgdsgsomo Lbod gofmgdmb gHmazbmma bosgqgbGm.

sbGoa 1. bogoMmggmmb Ggfn@mEnsdy 1995-2018 Brmgddo wagodbomgdymao

39byPm-mzom3megemo Imgmgbgdolb ©nbsdognma sd@ngmds
(Bgotim: gofgdmb gfmgbymo Losggbdm).

\E Ls3ndEmydalb
) A0b3zob dmbsdo
d96ygca 353G (3mg0 céo R g 3990
s | &2 ®3099&330
c c c c c c ’e’% §3 ]
3 & 3 I & | M g1 < ow
S | € |ce€ | eS| € k€€ £ gl
53@" E(g \Eﬂ g ) g£ o 8 2 2 & § <
0P | S LU | o | S LU | €| g
Ts | 2 €50 % |2 [PEET 8| €Y @b bagb.
5 | 2 E8xs5 %5 | 2 BB 5 | LY | 59648020 | bsbemo
Cc w o C Fg c o w o C Fg (q¢) N O
D & 2 2R o & s @R c
= 5 c 5 E L = 5 ¢ [ g ©
AR |3 TRE 2|8 Y g
°R ¥ 3T | %] §| 37 5
1 2 3 4 5 6 7 8 9 10 11
1995 670 6 57.39 250 12 41.74 18 99.13 _ 195
1996 610 3 34.91 165 5 11.74 8 46.65 _ 626
1997 871 2 44 .35 335 7 19.13 9 63.48 _ 227
1998 543 5 29.13 173 6 8.70 11 37.83 _ 159
1999 56 1 5.22 27 0 1.96 1 717 _ 314
2000 65 1 6.52 23 0 1.30 1 7.83 _ 207
2001 75 0 6.52 26 0 11.30 0 17.83 _ 127
2002 69 1 6.00 23 2 10.00 3 16.00 _ 193
2003 71 3 6.30 28 0 1.74 3 8.04 _ 207
2004 949 4 63.91 258 2 12.17 6 76.09 342 6042
2005 603 0 41.74 155 4 3.91 4 45.65 306 3682
2006 356 1 30.65 63 0 3.91 1 34.57 238 2066
2007 136 0 8.91 104 1 5.00 1 13.91 249 707
2008 311 8 20.87 126 8 6.52 16 27.39 275 1198
2009 323 1 27.61 193 3 717 4 34.78 285 2696
2010 250 3 8.70 81 2 217 5 10.87 295 822
2011 94 3 5.60 37 8 3.91 11 9.51 309 463
2012 325 1 11.80 88 5 21.74 6 33.54 350 845
2013 336 0 19.50 93 0 20.30 0 39.80 472 1269
2014 727 0 26.70 141 10 65.22 10 91.92 845 962
2015 936 4 29.80 167 19 | 108.70 | 23 | 138.50 931 1014
2016 780 0 17.60 208 0 8.90 0 26.50 934 1084
2017 845 0 21.30 165 0 10.60 0 31.90 1042 1353
2018 702 1 19.6 122 0 16.80 1 36.40 1057 1245
x5dn | 10703 | 48 | 550.64 | 3051 | 94 | 404.64 | 142 | 955.28 27703
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mgobsmzol Ro@omgdamn 33mg390000 s 39M35696@Mma© bomdmgdsmn Mganmbamyo
39m3mboGmEmabgom Lojomggmmadn ggmmmanyn bEodonmo 3Mm3gbgdo bbgemsbbgs batob-

boor 984gds d39960Lb GgMoGmEnal 70%-b, domasb @MB06s6@ sanmb 03039896 35byMyem-
363085300 dmgmgbgda, Mm3gmms a3bzo 53000 sgomdgdl, bmemm mgamzmaygdals E@sb-
Lgm@ds300 oMga0bGMomgdamoa ofbs 3000 dnbsmgdo, bmmm dpnbsfmgms s demgalb bado-
960l bofgsbzal 3Gmzgbo 200033-dg dg&o LogMom bogGdom. mgobsmgal ggmemmaonmo
LEodoob badndEmmgdol LogM(3gdo 0dymegds 3000-3g obobmgdmmo 349bJ@n (569 63%), Lo-
(3 bbgo@abbgs bomabbom ©sbasbgdnmo s sbamgnmoas 400000-dwg bobmo ©s Lonbygobmm
boggdmds s g3m30aMab@qdal bGsGbom goygzsebormos 60000-30g mygsbo [2,3].

39m3mboBmMmabanmo 33mg39000 oy baemas, MM bEodoyGo ggmmmaoymo dmgzmgbg-
d0b go0gd@onmgdol LodndMmgdalb Mobgo Browsb bmsodwg ndHEYds. 80l Mgsemn dohgqbgdg-
m0s dmeam 3gMomeab 1995-2018 Bmgdal 3mbo(398980, bawsg 3gbyMm-amaga@sogymo dmg-
m9b9d0L Sbmo bomdmddbomn s good@onMgdmmoa Moi3bzol Mommgbmdad gossgamds
10703-b, gom(3mxzdogmmdomgdgmo bysmbonbsmgdol Mosbgds 3o dosmbos 3051. domngsb do-
496959938 dosbemmgdomds baMamds 30 dgomagobs 995.28 3mb. 93 @mmofn, bmmm s@sdnsb-
0o 3LbggM3mas 142.

03M0a00, mgobsmgol LGndoMo ggmemmannMo 3Mm35Lgd0lb domgobmseb dndsMmgdsdn
3603369mmm3560 0bgm@o(3008 ogMmzggdmman, Mmdgmoms sbomndo s gobdmasmgds Lgab-
3dmagmxz0dognMo Imbs(393950bs s 3mads@nlb gMdgmagamnsbo 3Mmabmbals sdydeggds 20-30
Brmgdolb 3gomeobomgol (860898 gL mE0-bsdn Bmol b gMzemgddn) o sMLgdmmo ,badsm-
039mmb Ggeogm@nol gfmboal baBobssmdmgam ggbgMomeymo bLgdnlb aoodndsggds, Bobe-

M09 dggal dmagzgdL LEodoMo ggmmmaogMo 3Mm(3gbgdol ggmdmbomGabayma
33939900 989 Mom LobsMmImgdmam s FoMmznmn mMbobdngdgdal dgbsedndaggdmac.

m0§gM3GYMd

1. TenepanbHas cxema MMPOTHUBO APO3HOHHBIX Meponpstuu ['py3un Ha nepuon 1981- 2000 rr. (MoHOrpadwus). //
,»Caobuora Cakaptesno, Tommmcu, 1988.

2. Tsereteli E., Gaprindashvili G., Donadze Ts.,Nanobashvili T., Kurtsikidze O. Some Aspects of the Metodology
of Disaster Geological Process Hazard and Risk Mapping on the Example of Georgia. // Iv. Javakhishvili Tbilisi
State Uneversity, International Conferense "Applied Ecology: Problems, Inovations", Tbilisi 2015, pp: 30-36.

3. Tsereteli E., Gaprindashvili M., Gaprindashvili G., Chelidze T., Varazanashvili O., Tsereteli N. Problems of
Natural and Anthropogenic Disasters in Georgia.// Journal of the Georgian Geophical Society. Issue A. Physics
of Solid Earth. Vol. 15 A, Tbilisi, 2011-2012, pp. 14-22.

GEODYNAMIC HAZARD RISK ASSESSMENT AND MANAGEMENT
METHODOLOGICAL ASPECTSIN GEORGIA

Tsereteli E., Gaprindashvili G., Gaprindashvili M., Bolashvili N.

Summary: Georgia is one of the most prominent regions in the mountainous countries of the world, due to the
magnitude of the natural geological processes, the frequency of recurrence and the negative effects they have on the
population and economy. Thousands of settlements, land plots, roads, oil and gas pipelines, high-voltage power
transmission towers, hydraulic facilities and others are periodically affected by the geological disaster. Assessment
of the situation based on modern methodologies is necessary first of all for the purpose of protection, adaptation and
spatial management of the population from the geological hazards.

Key words: geology, disaster, landslide, mudflow, Georgia.
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LagFAcsdmMabm bsdg(36ngHm 3mbygMgb3ns ,,316986030 35¢IbEGHOMBIBO LagsGmzgemBo: dmbodm®obyo,
369396305, 990093900L gHdoMgds“, BOMIId0, MdoOLO, bods@mzggwm, 12-14 g 3930960, 2019 §.
International Scientific Conference,, Natural Disastersin Georgia: Monitoring, Prevention, Mitigation“,
Proceedings, Thilisi, Georgia, December 12-14, 2019

B30Q00B03380L 306 OBNIN 6330630V
636IBb30NL3S6 ©I3BO30

0bd@0 3MBLOEGIIBNIBOL ©d3IFO3I0

*336@gma 30 b., **omMEs60dzoma a., **aMgdsdgzama o.,
** 336Mgndzoma 3., **amMEsbndzomao ;.

* bogomoggenmb §ggbogao mboggmbodgdo, odoemobo, bsgsoggemm
** bogomorggenmb §ggbogamo mboggmbodgdnb (3m&bg o (3bmemogol bob. Egysenos dga@mbgmdol
06L& B0, mdnemobo, bodsmoggenm
ingairema@yahoo.com

oEm@oGno: @odndsggdmemns Egombs(z03980b 9365bommo 65306980l bomgisbgobogseb ol (3050 sbocemo
Jmbb@E 30980 — ,3g4bsdmm 0" s ,8gBMSBrm g0, Gmemgdors gedmomBggs ggfmwdg dsmsmn Goem-
@ohsdfEmdo 99599800, 56l gd Mmoot dgws gdnor dobo wsddowgds g3mbmdonns, bobosomwgds dsmaocemo
a8dgmmnsobmdoo, bobbsggdol bomxdg gHmdsbgommsb @own dggomaemmdom, bogemgdo Emboor  ©s
63300l R 0dg damsomdao.

dgdmomsgedgdmern mbogg@mbsmamo agmmdmmol godmygbgdoom, 3gjbsdermgob ©s §gBmederm job
B9 939 EmbsbEmEmmBs godmomgemgds dobodsemamo obsdzgdo Embols gsmgomolbnbgdoo.

bs3356dm boByzgd0: 6gocmbo(303980, 58Mobos, goguE mema doboggdo.

Byombo@gzgdol sdMmsboymn ba30Mgdal o330 sbomoa, Mmebsdgmmmgy, domama Gommmahsad-
JO™ab bamnl s domn sdsmn Mmzommamgdnmgdol dJmbg badomad(3eg0 boggdmdgdals 53~
39Md0m — 534G @ormMn 3Mmdmgdas.

®0b0dgMm3g 3gMommdn IMsgam J399ysbada m33g ot mgzgl dobonMo, ghmasbo s dgo-
5000900 bodoMmad(3030 boggdmdgdals 30dmygbgdady. dgddbomoas Lbgowabbgs dmbsodyy-
mmdolb gogy@nmo doboggdabasb gedgmma 3mbbEMe09d0, Bm3gmms bmbomn ©os3s5bdmbo
0,5-5,0 mbob gofmamgddos [4,5,1,2,3] (bob. 1-3).

Boagmyma 3sbaggdalb a53mygbgdom dgbadmagdgmos sdMsbammo (30300m (a=33°-300y)
BIMgd0L gsdsaMgds. gog@mma doboggdobash sagdmmo  3mbLEONI(30900L gBgd&YGo
dmdomdol dofMomomn god@mmMos — Gammgdal gbgMmgoal Robdmds o BgfMody dsmn sgmEgdal
Lodsmemal 393306980 (2+30-%96). J0M™3T96qdemmdals 3Msd@n3odn 8obnzqdal ogbodsmm@o
bmbs 60,0 Bmbol smbygl.
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63b. 1. gognAyma Isboggdob doMacmswo §n3gda
1- &9&Md3mMeo; 2 - &9&Md9060; 3 — ©03mEo; 4 — ememmbo; 5 — ML',—@)OB(); 6 — 3089L0;
7 — dm@ogoz0fgdyma 3909bo; 8 — BH3 dmm 30; 9 — bgodmmga; 10 — H-bgdGo demmzo;
11 = N-bgden dmmgzo; 12 — KOB-3mmz0; 13 — o §9@Mogoéo; 14 — 393b3meo;
15 — 3390M03mE0; 16 — LG sdomm3mEo; 17 — bGsdmwo; 18 — b sdodn; 19 — bgodmm 30;
20 — §M03mEo; 21 — GFM0datn; 22 — pabmdogMa; 23 — s amabo; 24 — N-3demyo;
25 — g 369mn deom 30; 26-356@ gmabgdnn demm go

65b. 2. §98M33mE7dn bawab LyyMegbmsb . 6sb. 3. 30MsDaymo 6s30Mmab g33353M9ds
mosbzdg (bagsmmggemm) L3godm YA mababMosba 3mELEAn](Engdab
IFM335mMngnsba Bymdoo (533)

demm3gdob GommoRaddmmdan Mbastolb o MMmngMmadgdnmmdol gomdxmdgbgdol, ggm-
ol Gommgdal samMgdals Lodsemeal dg3(30Mgdabomgal ©ddogms FobmbyMa denmzgdals
sbama §o3dgd0 — ,35JLodmmm3ab” s ,Bg@&MIdmmzab” baboo (obabgmagds dgMRgmmos R3gb
309, domn d3gMomgdol Momgbmdals dgbadadobawe — ,394L" — 9d3bo s ,GgGHS" — mambo).

h39b B0gf dgdmmagzobgdmmo dmmm39d0b — ,3gJLodmmzab” s ,&g@Modemm3alb” s sMbgdy-
mo 3sb0ggdab ,&g@MO3m@nl”, ,n3mEal" s ,emmmboL® dobsbnomgdmgdol dgwsemgds dmyge-
bomos 39-4-5-6 babadby.

394Lodemm g, ¥ = 2,60 @/83 &9@®ademmgon, ¥ = 2,60 @)/83
P, 8 0.21 1.64 P, 8 0,21 1,70
H, 3 0,75 1,50 H4, 3 0,97 2,11
S, 3 0,22 0,44 Hy, 3 0,61 1,33
ZER 0,08 0,63 S, 3 0,18 0,39
v,8° | 0,064 | 065

238



35+0,45

H=3S+0,4S

6sb. 4. ,,374Lsdemm3ab" bJq3s > daba 65b. 5. ,,898M30mm3ab” bjqds > daba
3dsbsbosmgdemgda dsbsbnsmgdmgda

&9@Me3meon, ¥ = 2,60 @/8‘5 ©odmeo, ¥ = 2,60 @)/8‘5 omembo, ¥ =2,60 @/8‘5
P, & 1,00 6,00 P, & 1,00 6,00 P, & 1,00 6,00
H, 3 1,30 2 30 H, 3 1,20 2,20 H, 3 1,38 2,50
fo B¢ 0,30 0,60 by, 3 0,41 0,76 bq, d 0,43 0,80
D, 3 0,50 1,01 b, 3 0,26 0,48 b, d 0,28 0,51
S, 3 0,60 1,10 Iy, @ 0,28 0,52 bs, d 0,11 0,21
by, 3 1,07 1,95 b, 3 0,39 0,71 Iy, @ 0,18 0,33
by, 8 0,75 1,40 I, 3 0,45 0,82 d, 8 0,30 0,55
tgor 0,22 0,22 lo, O 0,57 1,04

b,—>

6b. 6. 5AbLgdnmo goguMnmo Isbngzgdab — §38M33mEabl, PodmEab ©s Emmmbab bjgdgdo s
dabo dsbsbnsmgdmgdn (Y — 35@mbab 3mizmmmdacmn Bmbs (@)/33))

B9ODY ,g&MIdmmzab’ s ,394Lodmmzab” Bogsmalb yzgmedy gngd&uco dmdgdolb o
mmdob obawagbo Lagomms obdy GommyGn sG30Mm30L s BIMLDY Gommalb sgmg-
30b Looal (Arun up) o3 96s.

3)B9M©0L ,39JLedmm3gdom s ,GgGMIdmm3gdom” bagsfal dgws LadmgMal 3Gmabm-

BoMgds bmM(309mmads d9300ga0 ©edm3nEgdmgdom:

Prun up,max (3gdb.) = k@adb.)' Kw Keun up(3)” hl%: (1)
bo@a(s Kaggn. = 0,60 — 3gdbadmmggdom godsgMgdmo ggMoolb boddobolb gmgxoogb@os, MHma-
mob 360d3bgmmds omagbomos medmMmsGmMaymo 333930l Logdzgmbdyg. dobo 360d364-
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mmds omgdamos a3z BgMdg Gomemolb sgm@gdol Lodsmmol (Aun up-gm.) ©O 4397Lodem-
390000 35353690 BgMdy Gommal sgmMgdol Lodowmolb (Aun upsy.) gBOMEgdom —

hrun up 3gJu.
K _ a2l
(3gdb) h
runup e

mm bmM3s@ng9d0b CHUMM 2.06.04-82 dobgozom @sdm30gdemmoas Jomalb boBJemgdg s gqM-
0l ob0mmdDg); Krun upaem) — 3MIB0(3090E0, Bmdmal 360d3b69mmmds ©s3m3ngdamoas amyg3
B9Mdy Gommab sdMmgmdady (NA) s gyl mebGommdady (o).

=0,60 (gm&m 1); kw = 1,5 — 3m9530(3096&0, BM3mob 3603369mmmds bddgbgd-

gm@m 1. ,37dbsdmm3zgdnn” 33353673 nmo ggMoab Imegma

2@9EM36mm 30b° o ,394Lodmmzab” M3Godocnama bmbol sbgomodn &otwgds LGsdomma-
baMgdson s 33dmdbzgze Ko @mMMgdol Logydggmdg, dbasgbgdol mgmmanl godmygbgdno.
obgotodn @ofmegds domagdymon a3563LodmzMgmn 35M33g@Mgdol gomgamabbabgdom, gbgbos:
m —,394Ladem 3oL s ,Gg@Eedmm3al” dabs (§); P~ »39JLodemm 30L" s ,Gg&Madem 3ol do-
Lol bnd 336039 (@)/83); o — 39l EsbMommdol 3nmbg (3Genbyddn); h — &ommemob bodse-
mg (8); A= @ommab bogmdg (3); @— &ommgdal badoMmmsb 8mbgmol 3momby (Mowosbgddn); p —
bymob bd336M039; g — Md30LbRdMO 35MEbAL SAdsgds; i — bymalb 3069358 03m60 LodmsbE)g
(ob. Bob. 7).

(-4

so-" ]
[ 7777777777 77777
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DEVELOPMENT OF NEW CONSTRUCTIONS AGAINST WASHING
THE RESERVOIRS ABRASIVE SHORES

Kandelaki N., lordanishvili ., Iremashvili I., Kupreishvili Sh., lordanishvili K.

Summary: new constructions against washing the reservoirs abrasive shores are being developed —
Hexablock and Tetrablock, which are distinguished by the high ripple effect on the slope, their production
are more economical compared to the existing one, they are characterized by high piercing, by great
traction at the expense of facets, by less weight and stability on the shore of slope.

Using the proposed universal formula, the equilibrium of Hexablock and Tetrablock on the slopes is
calculated by taking into account the minimum permissible weight.

Keywords:. reservoirs, abrasion, figure arrays.
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SEPARATION AND EVALUATION OF SSMULTANEOUS
HEAT-MASS EXCHANGE IN SUBWAY TUNNELS

Lanchava O.

G. Tsulukidze Mining Institute, Thilisi, Georgia
Georgian Technical University, Thilisi, Georgia
o.lanchava@yahoo.com

Summary: During simultaneous heat and mass transfer between a ventilation flow and a surrounding massif, the
heat flow is supported by the mining massif, and the moisture flow is due to hygroscopic processes occurring only
within the tunnel's concrete support. This is result of using moisture resistant membranes between the mining massif
and the underground space. The simultaneous heat and mass transfer processes in the presented paper considered
on the basis of 7~theorem and established a new criterion by means of it is possible to divide processes heat and
mass transfer at the two-component system "massif-air". The new criterion relates a thermal resistance 1/ & with
mass transmission analogical resistance 1/ & , within the limits of corresponding boundary layers. Thus, estimation
of a ventilation air flow by it appears to be possible as both of those values are the current characteristics. As a
result, it may be concluded that separation and evaluation of simultaneous heat mass exchange processes using the
criterion introduced in this paper is possible.

Key Words: Subway tunnels; Non-stationary heat and mass (moisture )exchange; Heat and mass flows

Introduction. According to modern technologies of transport tunnels’ construction, there are the ins-
tallation of various moisture resistant membranes between the mining massif and the underground space,
therefore drainage of water does not occur through the concrete fastening of the tunnel inside the
underground space. The appearance of the water in an explicit form here is local in its nature and should
be consider separately. Consequently, in the area of tunnel's concrete fastening takes place a non-statio-
nary process of transfer of hygroscopic moisture together with a similar process of heat transfer. There-
fore, during simultaneous heat and mass transfer between the ventilation flow and the surrounding massif,
the heat flow is supported by the massif, and the moisture flow is due to hygroscopic processes occurring
only within the tunnel's concrete support.

The considerable practical interest has the separate assessment of heat and mass fluxes for jointly
occurring processes, as well as the comparison of the numerical values of the coefficients of unsteady heat
and mass transfer taking into account the mutual influence of temperature and mass transfer potential on
the values of heat and mass fluxes. The great interest has also the establishment of cases when the noted
effect should be taken into account and when it can be neglected without compromising the accuracy of
the results obtained. The joint processes of heat and mass transfer also take place in karst caves [1], as well
as into the tunnels of mines [2-5].

Study area, material and methods. Thus, in underground tunnels heat and mass transfer between the
rock massif and the ventilation stream is non-stationary, which is due, on the one hand, to a periodic
change in air speed in all sections of the tunnel depending on the movement of trains. and, on the other
hand, with the conditions of heat and mass transfer in the rock massif, in the concrete fastening of the
tunnel and the conditions of heat and mass transfer at the interface of the two-component thermodynamic
system "massif — air". The temperature of surrounding rock massif is equal to the neutral layer temperature
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for Thilisi metro conditions — 12.3 °C [6]. Mentioned temperature does not actually change over the year.
In the area of the tunnel's concrete mount takes place maximum hygroscopic mass content, it also does not
actually change during the year and from the point of view of mass exchange, this element of tunnel plays
the role of a damper and equalizes the relative humidity [7]. The standard theoretical research methods are
used, including the mt-theorem.

Results and discussion. Let us assume that mountain massif is characterized by temperature and mass
transmission potential force fields, kinetic coefficients describing the environment do not change by time
within the range of temperature and potential variations and also the current temperature, mass exchange
potential and relative humidity are invariable. In such conditions, the mutual heat mass exchange can be
described by Luikov-Mikhailov’s differential equation system [8].

In order to get an unambiguous solution to this system, it is necessary to observe the boundary
conditions of the third kind at the interface of the mentioned binary system "massif — air". The boundary
conditions of the third kind in this case are of the form

—Aaa—;+a(tl—t2)+amr(¢91—¢92)=0 (D

where A — the heat conductivity coefficient of the massif, W/m. OC; t, 1, t, - temperatures of the body, the
tunnel walls and the air respectively, C; o — heat emission factor, W/m>.°C; o, — mass emission factor,
kg-mol/J-m*s; r — specific heat of the phase change, kJ/kg; 8, — mass transmission potential of the wall,
J/mol; 6, — mass transmission potential of the air, J/mol; R — cylindrical coordinate, m.

Equation (1) is an expression of the energy conservation law for the mentioned system. To analyze it,
application of a new similarity criterion is needed. According to m-theorem, similarity criterions for
dimensional, primary dimensional and dimensionless quantities in this equation are 9, 5 and 4 respectively
[9]. These criteria are dimensionless temperature, Bio- and mass-transfer Posnov complexes, which
respectively have the form

At t-t, g R o At
> 0

2)

:t = R N —_—,
At 7t -t A m A8

where T — time, s; ty — the natural temperature of undisturbed mining massif, °C; Ry — an equivalent radius
of the tunnel, m; 8 — thermal gradient factor in the mass transmission potential scale showing additional
mass transmission in the system in the form of Soret effect, J/mol.OC; At, AQ — temperature and mass
transfer potential increments respectively. The rest of the symbols were determined previously.

After insertion of limited proportional quantities according to L’Hopitale’s rule and multiplication by
R//'iA .U, equation (1) will transform as

At oR a,fRA.0
SRk . 3)
At A A At

For the tunnel wall, when R=R, after simple transformations equation (3) will get the following form

At . i
—=Bi+ Lai 4)
Agt Pn,,
where a new criterion
o,a
La=—¢"" 5)
(04

is introduced. As it is seen from equation (4), dimensionless temperature of a tunnel wall is combination
of the appointed complexes. Thus, criterion expressed by formula (5) is the very fourth dimensionless
complex that is necessary for the process analysis according to mt-theorem.
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The new criterion is a synthesis of Lewis, Kosovitch and Posnov criteria. To prove it, let us consider
heat and mass densities on the binary system interface according to the basic Fourier conduction law and
Newton law, which are expressed as

o, —-t,)=-Agrad t ,(6,-6,)=-1, grad 6 (6)
respectively. In addition to already defined values there is a new one — A, denoting mass conductivity

factor of the massif, kg-mol/J-m:s.
The basic relations of heat and mass physical characteristics of rocks are

A=acy, A, =a,C.7, (7

where o - heat conductivity factor of the rock, m*/s; &, — conductivity factor of the mass transfer
potential, m%/s; ¢ — specific heat, J/kg-C; ¢, — specific isothermal mass capacity, mol/J; y, — the rock
density, kg/m’. Using simple transformations and considering (7) and (6) we get

a=—acy, 2t o ——ac g 2P ®)

Taking into account expressions of Lewis and Kosovitch criteria, which are

a rc, A@
Le=—" Ko=—"— 9
a c At
respectively and inserting equation (8) in (5), after simple transformations we get
La = LeKoPn,, (10)

that is the proof of our suggestion.

The new criterion relates thermal resistance 1/¢& with mass transmission analogical resistance 1/ &
within the limits of corresponding boundary layers. Thus, estimation of a ventilation air flow by it appears
to be possible as both of those values are the current characteristics.

The first impression is that the same result can be obtained by Lewis, Kosovitch, or Posnov criteria
separately. This is not quite correct as each of them taken separately characterizes just the massif showing
only a rate of increase of cooled and dried up layers thicknesses.

The mentioned rate for a layer is what Lewis criterion shows in its classical form. Coefficient &
shows temperature exchange rate in a massif caused by distortion introduced by an air flow energy
impulse. Analogically, ¢ ,, is an indicator of potential exchange rate. It is impossible, to estimate air flow
parameters by relation between them. Moreover, neither Kosovitch, nor Posnov criteria allow the correct
thermophysical calculation of air flow as it requires knowledge of the desired quantities such as flow
temperature and mass transfer potential in advance. The point is that temperature and potential increments

in the first approximation are At =t, —t, and A8 =6, —6,, where t, and 0, are the desired values.

In fact, temperature gradient always causes additional mass flow and vise versa — potential gradient
causes additional thermal current, but there are cases in practice, when consideration of these additional
currents is not necessary for calculation of flow temperature, mass transfer potential and relative humidity.
The said is corroborated by the critical value of the new criterion 10°La=1. Consideration of interference
of these two processes for solution of multiparametric tasks is needed when this equality fails.

In any case, dimensionless temperature by solution of the afore mentioned Luikov-Mikhailov’s
differential equations has the following form:

; -1
tor) = Bi(1+LaPn,)). (11)
This equation makes it possible to determine nonstationary heat transmission factor considering an

additional heat flow or without it.
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Conclusions

— As a result, it may be concluded that separation and evaluation of simultaneous heat mass exchange
processes using the criterion introduced in this paper is possible.

— The heat and mass fluxes in the underground space are the result of the influence of two gradients-the
temperature and the mass transfer potential. The additional threads initiated by the effects of Sore and
Dufour tend to amplify the main flows, but in practice, there is a case where there is no need to consider
the effect of additional flows. Marked effects can be ignored when 10°La =1.
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bogomoggemm
***bojoﬁmgg@mb B9db0g3960 9bogambod g, cmdocemabo, bodomoggemm

36m@B§o(3095: 330793980b 80Bsbo 0ym (30890l 6yomdgd 36 g80b msbsdgmMmmgg Bogmdsmgmdob ggme0do-
gamo 8gommgdoom dgbbsgems. 88 dgmmogdol gmo-gmmo bobgs mem@msedggmomo 33emg3930b dgomeoa. 58
dgomoom dgbodmagdgemmos boggemgzo mdogddob omgzom0 35688986 g80b 30bmdze s godmogems, dobo
@5D006980b g3om9dg. bogzergsz mdogd&dy bogdmms mendmadagmoma afmdogo (P) oo gobogo (S) Gocrmg-
Bob 8oz 39mgdob bobgofggdob godmdzs. dgdwgs asdmamgemocmn Lob o ggdob boggmdzammdg dobowmol
bod 3360500 (P) 3mobmbob 3mg03096@0b (V) @5 ombgol dmomenolb (E) godmmgems. mem@@sdggmooco
bgembobym-obsmgom gdob bodmsemgdoo dgbsdemgdgeras bsjzemggo 806 gdmb 9.6. §mdmamsgns, dobo ,g0-

dmggds” (zocmn bGHowsb sty emaemo Gomemgdob bodmsemgdoo. 58 dgdmbgggsdo dgbodemgdgmos bojzemgs
bbgaendo o630 gdmemo, g0 3390emo dmdol boggsmogmggdol, sfogmmggemmgsbo w8680l wsgogbomgds

@5 bbgosbbgs bod 3360300 (dgbabdgdmmn) m36980L godmymezs.
bog396dm bogyzgda: dsbscmob bod 356037, WemEEsd3gMncmn dgomen.

dgbagsema

3 39bEog Mo dgmmegdo BoMdmamagbl bozdomm ddmagH nofmomb ggmauadogn® dogdsdo,
LonbygabMm s Ladgn(306m 33mmg396dn. YmmEBMIdggHoma GgbGnMgds 0ygbgdl domamoa Lobdo-
0l dggM00 Gommgdlb asdm33mag3gool Robo@omgdman s gobmadgzgdol dgbobmyymgdmea. bo-
0bgobem 3Mmacdgddn dobo gomom gsdmygbgdolb gomms (3sgsmomom, ©gRgd@eb smdmbgbs/
3ggobgds, dabaemal dsbobosmgdmgdo ©s 8.3.), YmBMmdagfoma bodmamgdgdo sbggg god8moyg-
bgdo Ladgmaznbm Lygmmdo. dmasse, YmmEMmadagfomn GgbBoMgds gdystgds ofMgzmamo
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382939930 39b&0gob 30ygbgdm 3gmyaboggMo > agmGIbogaMo 33mg3gdeb Bobadamgs-
moa [1,2,4]. 3m3999m 6536m3dn bomdmoagbomn a3593L ©39bE03YM0 Bgommegdals bodmseeg-
doom ho@omgdmoa bodg3bngMm-g53mygbgdoma 33mggzgdo ggmdggebozol BodsGmymagdoo [I].
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ULTRASONIC METHODSFOR ASSESSING THE STATE
OF HYDROTECHNIC CONCRETE STRUCTURES

Varamashvili N., Asanidze B., Jakhutashvili M.

Summary: The purpose of these studies was to study the current state of the Tsageri catchment by geophysical
methods. One such method is the ultrasound method. This method can measure and calculate the elastic parameters
of the object of study without damaging it. We measured the propagation velocities of ultrasonic longitudinal (P) and
shear waves (S at the studied object. Then, material density (p), Poisson's ratio (v) and Young's modulus (E) were
calculated based on the measured speed. Ultrasonic devices, availability in our laboratory, can be used for the so-
called tomography, "coverage" from the one side with the help of reflected waves. In this case, it is possible to
identify voids of certain sizes, inhomogeneous regions in the body under study, and to distinguish regions of different
densities (weakened).

Key words: material density, ultrasound method
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MODELING IN THE SYSTEM OF ECOLOGICAL
MONITORING OF RESERVOIRS

Gekkieva S.

Federal Sate Budgetary Institution «High-Mountain Geophysical Institute»,
Nalchik, The Russian Federation

sgekkieva@list.ru

Summary: The increasing scale of environmental pollution, including water bodies, by various technogenic substan-
cesisthe reason for environmental monitoring and the development of criteria for assessing the state of the environ-
ment. This paper presents a mathematical model of the maximum permissible discharge into water bodies.

Key words: pollution, water bodies, maximum permissible discharge, modeling

The impact of man on the environment has sharply increased all over the world, and it has become
apparent that the uncontrolled exploitation of nature leads to very serious negative consequences. The state
of the biosphere changes under the influence of natural and man-made influences. However, there is a
significant difference in the results of such actions: the state of the biosphere, which is constantly changing
under the influence of natural causes, usually returns to its original state. And if we talk about the impact
of man on the ecosystem, then it can lead to serious irreversible problems for certain subsystems of the
natural environment.

Since environmental pollution is relatively “enclosed” within the territorial and economic regions,
environmental monitoring is regional in nature. An indicator on the scale of the possible impact on the
natural environment, where significant anthropogenic restructuring of the ecosystem is possible, is open
water bodies. The water element of the environment largely determines the state of the environment as a
whole. Therefore, it is very important to know the laws of pollution and their formation under the
influence of natural and anthropogenic factors. One of the basic questions in this problem is the reaction of
water resources to a changing anthropogenic load. Establishing the actual level of pollution of water
bodies, which are complex objects of analysis, due to their exceptional multicomponent nature and a wide
concentration range of elements, heavy metals is one of the most serious problems, especially in natural
ecosystems, since they migrate from one ecosystem object to another, accumulating and sometimes
causing secondary pollution [1].

Under the influence of pollutants, there is a shift in the natural equilibrium of a multicomponent
system, such as natural water. A water body "mobilizes forces" that counteract the violation of natural
conditions and seek to return the entire system to its original state.

The process of distribution of pollutants in water bodies and streams can be represented by scheme 1
(Fig. 1), which includes three zones of the mixing section: I — the jet (inertial) zone of the initial mixing, II
— the concentration equalization zone (three-dimensional diffusion of the pollutant occurs in it, and when
shallow depth — two-dimensional); III — zone of complete mixing (the so-called longitudinal diffusion of
the pollutant occurs in it). Thus, impurities that have fallen into one or another part of a river runoff or
reservoir are carried away by the current and, under the influence of turbulent mixing, are distributed into
adjacent stream jets. In this case, the impurities are diluted, as they move away from the place where the
impurities enter the stream, their concentration gradually decreases and, in the presence of self-
purification, approaches the background [2].
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Fig. 1. Schematic diagram of the distribution of wastewater for water bodies

Self-purification is carried out under the influence of biological processes by oxidation of dissolved
and suspended in water substances dissolved in it oxygen. This process is the result of the life of awhole
complex of aguatic organisms. The aquatic micro florais very diverse: bacteria, viruses, bacteriophages,
molds and algae. Microorganisms play an extremely important role in the process of self-cleaning of water
bodies. Microbiological processes during self-cleaning of water bodies occur as a result of bacteria
nutrition, respiration and, finaly, their death.

The change in the concentration of organic suspended solids is determined by two processes. preci-
pitation and mineralization. As aresult of the suspension of suspended solids in a pond, sludge is formed.
In the dludge, as you know, there is a huge number of microorganisms (in 1 g of sludge up to 400-500
million microbes). Serobacteria are located in the surface layer of sludge. A number of benthic organisms
— insect larvae, worms — feed on bottom silts and contribute to the transformation and mineralization of
insoluble organic matter.

In order to partialy eliminate future uncertainty, it is necessary to use mathematical forecasting. It
consists in using the available information about the object of forecasting, mathematical processing of
information by obtaining a relationship linking the characteristics with time or other independent variables
and calculating the characteristics of the object at a given point in time for given values of other indepen-
dent variables. The mathematical model for predicting water quality is based on the well-known semi-
empirical equation of turbulent diffusion of pollutants[3,4]:

dc dc dc dc a dc d dc dc dc
Bt vt ey v = o (D) + 55 (Dr ) + 5 (D) + e @)
To solve equation (1), it is necessary to specify boundary conditions, i.e. set of initial and boundary

conditions. As the initial condition for equation (1), the initial (at t = 0) distribution of the impurity
concentration is taken:

c=c(xy,z0)

Boundary conditions (in the general case of the third kind) characterize the transport of matter
through the surface restricting the flow. If g is the amount of substance transferred through a unit area of
these surfaces per unit time, then at the boundaries of the studied object:

Gn =CVqp— D & 2

m an

In the expressions (1), (2): c is the concentration of impurities averaged over time; vy, vy, v, v, are the
projections of the time-averaged flow velocities in the x, y, z, n directions, respectively (the XOY
coordinate plane coincides with the free flow surface, z is the applicate, n is the internal normal to the
boundaries of the reservoir); Dx, Dy, Dz, Dn are the turbulent diffusion coefficients in the directions x, vy,
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z, n, respectively; . is the rate of physicochemical transformations, which in some cases can be repre-
sented as:

Ue = frc 3)

wheref, is a parameter depending on the characteristics of physicochemical transformations.

In expression (2), the first term on the right-hand side determines the influx of impurities into the
reservoir, due to the water velocities, and the second, the influx of impurities associated with the pulsation
components of the actual velocities.

The distribution of impurities in ponds and watercourses from the moment they arrive should be
considered as a single continuous process. In connection with the sufficient complexity of calculating the
entire zone of influence of discharged effluents on the quality of natural waters, it is customary to consider
three sections (Fig. 1). When studying the distribution of impurities in the zones marked in fig. 1, equation
(1) can be used with certain assumptions. Due to the great complexity of solving system (1), (2) in engi-
neering practice, simplified dependencies for conditionally selected mixing zones are most widely used.

Then, to calculate maximum permissible discharge (MPD) for the j-th polluting component:

Co(Cmpp+ Cgj— Cr))
100

MPD; = g, — 303 (4)

where g,- parameter of the pollutant, C,- concentration of the j-th pollutant; (Cypp + Cgj — Crj) —
background characteristic of water quality; ogj — is the variance of the process.

After calculating the MPD, the materials on the substantiation of the MPD should be systematized
and formalized. To conduct a more detailed comprehensive forecast of the degree of pollution and the
dynamics of the accumulation of pollutants in water bodies, it is necessary to develop models for
predicting changes in the ecosystem, taking into account possible forms of transition (migration) of
pollutants. In our case, the hydrosphere is the atmosphere (evaporation from water to the atmosphere), the
hydrosphere is the land surface (the bottom of rivers, lakes) is the transition from water to soil (filtration,
"self-cleaning”, sedimentation to the bottom of water bodies). It is also necessary to take into account that
one of the natural factors that can significantly change the concentration of chemical elements in enclosed
bodies of water is the regime of precipitation. In dry years, due to adecrease in the water level, an increase
in the concentration of chemical elements occurs, and in rainy years, on the contrary, their dilution occurs.
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EVALUATION OF THE EFFECT OF THE REDISTRIBUTION
OF PRECIPITATION BY THE METHOD OF THE CLIMATIC AVERAGE

Gekkieva S.
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Nalchik, The Russian Federation
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Summary: Precipitation has significant natural variations in time and space. The calculation of the probability of
increasing or decreasing the amount of precipitation against the background of their natural variability as a result
of work on active influences is not an easy task. A statistical assessment of the effect of the redistribution of
precipitation in the protected and control areas was carried out using the climatic average method

Key words: active effects, artificial increase in precipitation, redistribution of precipitation, climatic average method

Weather conditions often deviate from "normal" and people are forced to look for ways to address the
targeted impact on the weather, depending on the tasks that need to be addressed. In particular, work is
underway on the practical implementation of the method of active effects on clouds in order to increase
(reduce) the amount of precipitation. The purpose of such works is to create more comfortable living
conditions for large Metropolitan areas and solve the water shortage for the needs of the agricultural
sector. Many scientists argue that most of the world's population will lack fresh water in the near future.
Even in Russia, a feature of which is its high availability of water resources (average annual flow-4300
cubic km), many agricultural regions belong to the zone of risky agriculture with an acute shortage of
water. Therefore, the problem of water scarcity is urgent, and scientists from all over the world are
working to solve it [1].

However, the uncertainty in determining the effectiveness of artificial rain, has not yet received
significant development for some reasons. One of them is that it is not yet possible to give a definite
satisfactory answer. There is much doubt about the impact that artificial rain in one area can have on
neighboring areas. What will happen to the water supply in an area if the clouds moving towards it are
artificially dewatered in advance?

It should be noted that in a number of works, it is suggested that the increase in precipitation over a
certain area should be accompanied by a decrease in another area, located relative to the first in the wind,
that is, that active effects for the purpose of artificial increase in precipitation do not lead to an absolute
increase in precipitation, but to some of their redistribution over the area. There are works in which the
opinion is expressed that there will be no such decrease in precipitation. Therefore, the assessment of the
impact results is currently carried out by statistical methods [2]. On the basis of statistical methods, a
methodology for assessing the effect of precipitation redistribution has been developed. This assessment
boils down to the fact that it is necessary to determine whether there is a redistribution effect at all and
what is its magnitude?

The main contribution to the amount and intensity of precipitation in the North Caucasus, in parti-
cular, in the Stavropol territory is made by wet frontal processes moving from West to East. As we move
to the East and the transformation of wet air masses on the Stavropol upland decreases their moisture
content and increases the aridity of the territories. In the same direction, the amount of precipitation
decreases and their natural fluctuation increases, so in the Stavropol territory, work was carried out for a
long time to artificially increase precipitation [3]. However, the impact of these works on the regime of
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precipitation in neighboring areas remained uncertain. To date, data on precipitation in protected and
control areas have been collected, which allows for preliminary statistical analysis using a single
methodology. As a control of the territories was taken: Mineralnye Vody, Kislovodsk, Karachaevsk.
Adjacent territories: Nalchik, Cool, Terek, Kamennomostskoye, Mozdok, Yuzhno-Sukhokumsk, Terek-
Mekteb, Kochubey. On the map of the North Caucasus (figure 1) you can see their geographical location.
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Fig. 1- Map of the North Caucasus

Protected and control areas are selected so that they meet the basic requirements for further compa-
rison. The main requirements include the following:

similar physical and geographical characteristics;

close to the area of impact size, close to the density of the terrestrial sedimentary network, approxi-
mately the same length of the series of observations of precipitation;

time-stable correlation of precipitation on control areas and protected area for the longest possible
number of years before the onset of impacts.
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Fig. 2 —time course of precipitation (may-august) in the control and adjacent territory,
row 1(blue) —control territory, 2(red) — adjacent territory
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Local and regiona changes in the nature of precipitation variability depend largely on the nature of
atmospheric circulation variability. Some of these observed fluctuations are related to global climate
change. This makes some regions wetter and some, often nearby, drier, making it more difficult to assess
the effect of precipitation redistribution through artificial precipitation augmentation work.

Evaluation of the effect of redistribution in artificial increasein precipitation
using the climatic aver age.

In accordance with the method of climatic average, deviations of precipitation values from their
norms in the control and adjacent territories are compared. Works on active influences for the purpose of
artificial increase of precipitation in Stavropol Krai were begun in 1986, in connection with what the
natural mode of precipitation was broken. Therefore, the calculation period was chosen from this year.
The heterogeneity of the intensity and spatial distribution of spring-summer precipitation, as well as the
heterogeneity of the sedimentary network in the study areas lead to the need for space-time averaging of
precipitation. Precipitation averaging can significantly reduce the coefficient of variation of precipitation.
The data on the distribution of precipitation for may — august in the study area for the period of active
impacts from 1986 to 1997 are presented in [4].

_ Xee X Yo
ate = T

ey

Xet

Yat, Xct» Yae, Xce — accordingly, the estimated amount of precipitation in the adjacent territory in the
absence of exposure, rainfall on site, the actual amount of precipitation in the control area, the rainfall in
the control area.

Table 1- Data on additional precipitation over the years of active impacts,
obtained by the method of climatic mean

years X(mm) Y (mm) Y (mm) AY (mm)
1986 65,2 63,0 85,0 -22,0
1987 74.3 86,8 97,0 -10,2
1988 53,2 102,1 69,0 33,0
1989 86,0 86,0 112,0 -26,0
1990 62,8 82,6 81,6 1,00
1991 100,3 82,7 130,0 -47,0
1992 68,2 84,3 89,0 -4,70
1993 71,8 54,8 93,0 -38,2
1994 45,5 95,8 59,0 36,8
1995 40,3 47,3 52,0 -4,70
1996 68,5 66,0 89,0 -23,0
1997 61,4 100,8 80,0 20,8

To assess the significance of differences in average values of precipitation ratios, as a percentage of
the norm in the control and adjacent areas for each year, we use the student's criterion [5]:

obs

(Xct - Vat) ncna(na +n.— 2)

= X (2)
J(n, —1)S2 + (n, — 1)S2 ng+c¢

According to the level of significance of a, the null hypothesis Hy: E(X«) = E(Y4) On the equality of

the two means is tested with the competing hypothesis Hi:E(X«) # E(Y«). From the table of the student's

distribution by the level of significance a and the number of degrees of freedom k = k = ng+ ny— 2 we find
the critical point t(a,x). If Tops < Tq, then there is no reason to reject the null hypothesis. In this case, the

257



difference between the mean X and Y 4 in the control and adjacent areas is not significant (at the level of
significance a). If Tous>Tq, We rgject the null hypothesis and accept the competing hypothesis.

By the formula (2) we find Tqs = 2,3. According to the student's distribution table, we find
T« (0.05; 20) = 2.08. Tops > T, therefore reject the null and accept the competing hypothesis. That is, the
difference between the average X and Y 4 in the control and adjacent areas is significant at a significance
level of 5%.

In order to analyze the effect of the impact for each individual year with AB, it is necessary to know
to which year it refers-with excess or, conversely, with a deficit of precipitation. To find out the humidity
(aridity) of the year, we use the method of integral curves, where deviations from the norm K have a
positive sign, i.e. corresponds to the year with excess precipitation, and the area with a negative value to
the period with a shortage of precipitation.

In order to analyze the effect of the impact for each individual year with AB, it is necessary to know
to which year it refers-with excess or, conversely, with a deficit of precipitation. To find out the humidity
(aridity) of the year, we use the method of integral curves, where deviations from the norm K have a
positive sign, i.e. corresponds to the year with excess precipitation, and the area with a negative value to
the period with a shortage of precipitation.

X;

K=7—1 (3)

where X;is the monthly rainfall for each year, X isthe monthly rainfall.

Table 3— Calculations of coefficient K for the adjacent territory (Nalchik)

years X (mm) K
1986 63,0 -0,3
1987 86,8 0,02
1988 102,1 0,2
1989 86,0 0,01
1990 82,6 -0,03
1991 82,7 -0,03
1992 84,3 -0,01
1993 54,8 -04
1994 95,8 0,12
1995 47,3 -0,4
1996 66,0 -0,22
1997 100,8 0,18

From table 3 it is evident that the year of drought include: 1986, 1993, 1995 — 1997; wet years. 1988,
1997. The monthly rainfall for Nalchik is X = 85 mm.

Thus, taking into account the calculated data given in table 2, we conclude that the greatest increase in
precipitation in the surrounding area occurs in wet years (1987,1997), and the greatest decrease in years
with a shortage of moisture (1986, 1989, 1991, 1993, 1996). The greatest effect of precipitation
redistribution is observed in the years when natural precipitation is most variable. That is, in years with
abundant moisture, there is an even greater increase in precipitation, and, conversely, in years with alack
of moisture-an even greater decrease in precipitation, which causes in both cases quite undesirable
consequences, whether it is a drought or too rainy, wet year.

The other side of this question is economic. Should we try to cause precipitation artificially if thereis
not enough rain and agricultural areas are affected? Of course, Yes, if it rains heavily, and we get high
yields of agricultural crops. The cost of cloud seeding per hectare is usually small compared to the cost of
crops on the same area. However, if cloud seeding has not led to an increase in precipitation, then minor
costs may seem too high.
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EXTREME TEMPERATURE REGIME IN GEORGIA AND
THE IMPACT OF GLOBAL WARMING ONIT

Tavartkiladze K ., Suknidze N., Ananidze M.

Summary: On the territory of Georgia, according to 28 observation points for 104 years (1906-2009), the territorial

and

temporal distributions of the extreme temperature field were studied and established. The indicated

temperatures and their settling times using polynomials of the seventh degree are described. Using the data
obtained, the regime structure of the surface temperature field was studied.

Key words. Extreme temperature, date of establishment, correlation, change, distribution.
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ECOLOGICAL CATASTROPESCAUSED BY CLIMATE GLOBAL
WARMING AND THEIR PREVENTION POSSIBILITIESIN GEORGIA

Por chkhidze A.

Summary: Is discudsssed climate global changes, their horrible results recently on the earth and Georgian reality
ecological problems connected to them. There are mantioned some ideas how to solve problems that will improve
ecological conditionsin the country.

Key words: climate global changes, ecology.
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