e-1SSN 2667-9973
p-1SSN 1512-1127

L5goMmM39wml 49mR0BOIMMO LoBMmYsEMgdOL
Jmebsero

99560 ©gsdofiols, sGHIMLEBGOHML, Mm39560Ls s 3MBTIMBMOO 3¢sBIoL
R0B0O3d

Amdo 25, e 2

JOURNAL
OF THE GEORGIAN GEOPHYSICAL SOCIETY

Physics of Solid Earth, Atmosphere, Ocean and Space Plasma

Vol. 25, ) 2

Thilisi
2022



e-1SSN 2667-9973
p-1SSN 1512-1127

U5gdo6mm39ml 39mBo0B03MM0 LdBMYsEMgdols
Jm®bsgro

995Mm0 ©gs3ofHol, 5GHIMLRgOHML, ®39560L5 s FMLIMLBYGO 3ePsBAOL
530B03Id

A0 25, Ne 2

JOURNAL
OF THE GEORGIAN GEOPHYSICAL SOCIETY

Physics of Solid Earth, Atmosphere, Ocean and Space Plasma

Vol. 25, M 2

Thilisi
2022



U5gsm39eml 3gmBoBOIMNO0 LsBMYsEMgdOL J@bsgro
99560 ©9s30fol, SEIMLBYOHML, 39560Ls s 3MBAMBMGO 3WsHBdols Bobogs
30053500 M95JGHMMO: m. Fgeody

Us69dJgom  3MEga0s

5. 580656533000 (00003960), M. B0dOEd300 (583), 9. dMEMIMEMbo (LsdgMIBIMO), §. hoagEr0dz00, 0.
F9odg, . Mabgzgeodg, ©. ©JIGEGH©SA300, 3. 9BGJbosbo (LEdgMAbg™O), 3. 96Mgdgg30 ()3Mo0bys), b.
0mb@o, 5. gmaohsodzowo (39dL0g3s), 0. 393960 (LogMbyqmo), m. 33963539, b. 39MgLgerodg, M. bos®Borsdy,
b. bggogwody, x. Joos (Bm. MgEBHMMOL ImsPoMg), . JoMos, §. 30OMmGH930 (¢365065), o.
0o FoM5d3000, 4. 39GHMI39w0, 0. 39O MLodg, 3. LEAMMLEIEIM (1305060), 3. MOg5MMJowsdy, b. 3o65Ts830¢0,
3. Bogglbo (BmLgmo), 0. Bdswy (96M35605).

966500l J0bss®bo:

9960650 8,033l 9s®o ©gsdofol, sGIMLBIOHML, Mm39560Ls s 3MbIMLGO 3esbdol goBogoL yzgws

9005MH0Mgdsl.  §m@boscrdo  J39ybgds: 33wgzomo  HgMowqdo, dodmbowggdo, dmzwyg 0bgm®dszogdo,
0L3ML0gdo, H0abgdols Jodmbowrgzgdo, 25b6(3bsgdgdo, 3mbngMgbi09d0l Bmbligbgdgdo.

JOURNAL OF THE GEORGIAN GEOPHYSICAL SOCIETY
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma
Editor-in-chief: T. Chelidze

Editorial board:

A. Amiranashvili (secretary), T. Bibilashvili (USA), E. Bolopoulos (Greece), G. Chagelishvili, T. Chelidze, L.
Darakhvelidze, D. Demetrashvili, K. Eftaxias (Greece), V. N. Eremeev (Ukraine), N. Ghlonti, A. Gogichaishvili
(Mexica), Y. Gueguen (France), T. Gventsadze, Z. Kereselidze, O. Kharshiladze, Z. Khvedelidze, J. Kiria (Vice-Editor),
T. Kiria, G. K. Korotaev (Ukraine), T. Matcharashvili, G. Metreveli, . Murusidze, V. Starostenko (Ukraine), K.
Tavartkiladze, N. Varamashvili, V. B. Zalesny (Russia), J. Zschau (Germany).

Scope of the Journal:

The Journal is devoted to all branches of the Physics of Solid Earth, Atmosphere, Ocean and Space Plasma. Types of
contributions are: research papers, reviews, short communications, discussions, book reviews, announcements,
conference reports.

KYPHAJI TPY3UHCKOI'O TEO®PU3NYECKOI'O OBILIECTBA
®u3uka Teepaoii 3emiau, Armochepsnl, Oxeana u Kocmuueckoii Ilinazmbl

I'naBubiii pepakrop: T. Yeauaze

PepaknmnonHasi KoJUIerus:

A. AmmpanamBmmi (cexperapp), T. budunamsunu (CHIA), E. Bonononoyc (I'peunst), I'. Yareanmsmm, T.J1. Yenunze,
JI. Hapaxsenmumze, . [demerpamBuim, K. Od¢rakcmac (I'pemms), B. H. Epemee (Ykpaumna), H. I'nmonTn,
A.Tormuaiimemm (Mekcuka), U. I'eren (®panmust), T. I'Bennanze, 3. Kepecenmunze, O. Xapmmnamze, 3. XBenenumnze,
k. Kupust (3am. 1. penakropa), T. Kupus, I'. K. KoporaeB (Ykpauna), T. Mauapamswmm, I. Merpesenn, U.
Mypycunze, B. Crapocrenko (Ykpauna), K. TaBaprkunanze, H. Bapamamsunu, B. b. 3anecnsiit (Poccust), 1. Yiay
(Fepmanus).

Copep:xaHue :KypHaJa:

Kypuan I'pysurckoro reodusngeckoro o0mecTBa 0XBaThIBaeT BCe HANIPaBIeHN (HU3NUKU TBEpAOil 3emiu, ATMOC(hEpHI,
Oxeana u Kocmuueckoit Ilmasmel. B sxypHane myOnmkyroTcs HaydHBIE CTaThH, O030pBI, KpaTkue HH(OpManuw,
JIMCKYCCHHU, 0003PEHNUST KHUT, OOBSBICHHS, TOKJIAIHI KOHGEPESHIINH.



30L5FONO:

Logo®mngz9wm, 0160, »d0EoLO, 5¢rgdbodols J. 1, 8. brmosl bob. ggmazobozol obbGHoGMEGHo
Gow.: 233-28-67;  goduo; (995 32 2332867); 9. gmgdo:  tamaz.chelidze@gmail.com;
avtandilamiranashvili@gmail.com;

geophysics.journal@tsu.ge
259m4d3996980b 2566030 s bgemdmfig®s:

390m039d>  Hgwofodo mOx M. dgomo 396MLool  farom®o  bgwdmfgmol  gslios: mEbmgwo
b9dmdfgeolomzol - 30 @MEsMo, byjoOmgzgemdo - 10 wsGo. bgwdmfgdHol dmmbmgbs »bs
3902H536mb MH9og300L doLsdsMImOm. dglodegdgeros MBILM Mmbsob §amas:
http://openjournals.gela.org.ge/index.php/GGS

gObsewo 0bgdloMgdmes Google Scholar-do:
https://scholar.google.com/citations?hl=en&user=pdG-bMAAAAA]

Address:

M. Nodia Institute of Geophysics, 1 Alexidze Str., 0160 Thilisi, Georgia
Tel. 233-28-67; Fax: (99532) 2332867, e-mail: tamaz.chelidze@gmail.com;
avtandilamiranashvili@gmail.com;

geophysics.journal@tsu.ge

Publication schedule and subscription information:

The journal is issued twice a year. The subscription price for print version is 30 $ in year.
Subscription orders should be sent to editor’s address. Free online access is possible:
http://openjournals.gela.org.ge/index.php/GGS

The journal is indexed in the Google Scholar:
https://scholar.google.com/citations?hl=en&user=pdG-bMAAAAAJ

ég! pec:

I'py3us, 0160, Tounucu, yn. Anekcunse, 1. UactutyT reopusuku um. M. 3. Honna
Tem:  233-28-67;  294-35-91; Fax:  (99532)2332867; e-mail:  tamaz.chelidze@gmail.com;
avtandilamiranashvili@gmail.com;

geophysics.journal@tsu.ge

IopsagoK W31AHUA U YCIOBHS NOAINUCKH.

Kypnan uznaerca nsaxasl B roa. ['omoBas nmoanucHas neHa juist nedatHoil Bepcun - 30 momnmapos CILIA.
3asiBKa O MOJIITUCKE BHICKLIACTCS B aJipec peaakimu. Mimeercs OecruiaTHBIN OHJIAMH JOCTYII
http://openjournals.gela.org.ge/index.php/GGS

XKypnan unnexcupoat B Google Scholar:
https://scholar.google.com/citations?hl=en&user=pdG-bMAAAAA]


mailto:tamaz.chelidze@gmail.com
mailto:avtandilamiranashvili@gmail.com
mailto:geophysics.journal@tsu.ge
http://openjournals.gela.org.ge/index.php/GGS
mailto:tamaz.chelidze@gmail.com
mailto:avtandilamiranashvili@gmail.com
mailto:geophysics.journal@tsu.ge
http://openjournals.gela.org.ge/index.php/GGS
mailto:tamaz.chelidze@gmail.com
mailto:avtandilamiranashvili@gmail.com
mailto:geophysics.journal@tsu.ge
http://openjournals.gela.org.ge/index.php/GGS

This journal uses Open Journal Systems 2.4.8.3, which is open source journal
management and publishing software developed, supported, and freely distributed by the
Public Knowledge Project under the GNU General Public License.

(http://openjournals.gela.org.ge/index.php?journal=GGS&page=about&op=aboutThisP

ublishingSystem)

0QJS Editorial and Publishing Process

Author

Submission
Author uploads file to journal
Web site, and enlers metadata
for OAl indexing

Editor and
Section Editor

1. Submission Queus
Editor assigns submission to
Section Editor to see through
the editorial process

Journal Manager,
Reviewer, Copyeditor,
Layout Editor, and
Proofreader

Journal Management
Setup and configure journal;
enroll edilors, reviewers,
copyedilors, proofreaders.

v

Submission Review
Author can track process, see
files, reviews, revise and
resubmit, al editer's request

2. Submission Review
a) Check submission
b) Conduct peer review
¢) Reach editorial decision

Select Reviewers
Editor invites reviewers from
database with interests, load

v

Review Conducted
Reviewer submits review and
recommendation (which may
b rated by editar)

Submission Editing
Authors reviews copyedits
and proofreads galleys

3. Submission Editing
a) Copyedit submission
b} Layout of formatted galleys
¢) Proofread galleys

Copyediting

Key
Journal Manager
Editor
Section Editor
Reviewer
Copyeditor
Layout Editor
Proofreader
Author
Reader

J000

il

Open Journal Systems is an
open source development of
the Public Knowledge
Project.

http:/fpkp.sfuca

l

Layout
Layout Editor prepares galleys
in HTML.POF. P3, etc.

4. Issue Management
a) Create issues
b) Schedule submissions
c) Organize Table of Contents

I

Proofreading

'

5. Publication
Odfering immediate open
access or delayed open
access, with subscriptions

Submission Archive
Complete records kept of
submission process for
published and declined iterns

v

Current Issue
Iterms appear with Reading
Tools linking to related internal
and external resources

Journal Archive
Browsing issues, with indexing
by OAl search engines, as
well a3 Google, efc.




Journal of the Georgian Geophysical Society, e-ISSN: 2667-9973, p-ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 25(2), 2022, pp. 5 -9

Combined Geophysical Studies with Carried out in the Area of the
Main Building of Power Project Narvani-HES on the River Narovani

Malkhaz G. Gigiberia, Jemal K. Kiria, Nugzar Ya. Ghlonti

Ivane Javakhishvili Thilisi State University, Mikheil Nodia Institute of Geophysics

ABSTRACT

In addition to various standard problems of Engineering Geophysics we often deal with cases that are less known in the
literature, but can be quite easily solved by geophysical methods. In such cases it is important to choose an appropriate
method and a convenient way to apply it.

The paper describes one of such issues.

The territories of the dam construction and other engineering structures connected to the river mostly cover the areas
of the river gorges, which are basically presented with pebbles and rocks filling the sand. One of the most important
tasks during the study of the conditions of foundation placement is to determine the bedrock depths. The pebbly rocks
covering the area create great difficulties during drilling operations and geophysical surveys.

In cases where the river bed is bordered by steep cliffs, both geophysical methods become difficult due to impossibility
of extending communication cables to the required lengths. It is noteworthy that a part of the mentioned problems can
be considered as a contributing factor for the method proposed by us in this article.

Key words: seismic profiling, elastic wave.

Preamble
The article considers the results of the geophysical survey carried out on the territory of the main
building of power project Narvani-HES (Hydroelectric power station) on the river Narovani.
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The study area and the layout of the seismic profiles are shown in Fig. 1.



We conducted Seismic Profiling (Refracted Wave Method) and constructed a corresponding
seismologic section, determined the propagation speeds of the elastic longitudinal wave and estimated the
values of the densities. The paper presents Profile 1. Seismic profiling is often quite difficult due to the
difficult relief of a study area. Therefore, it is necessary to conduct a combined geophysical survey in a
difficult profile area.

Seismic Profiling

We conducted seismic profiling (Fig. 1) by Refracted Wave Method, on the basis of which we
determine the velocity values of the elastic longitudinal wave propagation, constructed corresponding cuts
and estimated the corresponding density values.

Refracted Waves Method makes it possible to determine the capacities of the surface and deeper layers
and the propagation velocities of the elastic waves in them. The method is based on determining the arrival
times of longitudinal wave fronts from the source of the longitudinal waves into the geophones displayed in
one line. We also defined the density values [1-3].

The seismic profiling works were carried out with 10 Hz geophones, which were located in 1 meter
distance from one another, while the seismic waves were generated by striking a 10 kg hammer on a special
plastic plate in Z-Z orientation. We used a 5 shock point system, which contained 2 shocks at the head and
bottom of the profile, one shock in the middle and two shocks transferred out of the profile.

The waves were registered with a 24-channel engineering seismic station produced by GEOMETRICS,
Itd. Depending on the type of a wave the direction of the shock was also changed.

We analyzed the obtained data, constructed corresponding sections and evaluated the values of the
relevant physical-mechanical parameters. The display of the profile is shown in Fig. 1.

The Study Results

A seismic profile with a length of 23 m was constructed (Fig. 1).
According to the values of geophysical parameters, three main layers are distinguished on the seismic
profile:
Layer 1 — intensively unloaded river gorge with natural moisture;
Layer 2 — river gorge saturated with water;
Layer 3 — heavily weathered bedrock.
The obtained seismic section is shown in Fig. 2.
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Seismic Profile 1

Layer 1 extends from the surface to an average depth of 4 m with the average value of longitudinal

elastic wave speed Vp=1650 m/s, the average value of density p=1.98 g/cm?.

Further comes Layer 2 with thickness of 4m with the average value of longitudinal elastic wave speed

Vp=2800 m/s, the average value of density p=2.26 g/cm?®.

Layer 3 is observed averagely to the depth of 22 m, the average value of longitudinal elastic wave

speed is Vp=3590 m/s and the average value of density p=2.4 g/cmd,

The combined study of the river gorge

The works on Profile 2 were carried out by a combined method, during which the following values

were taken into consideration:

the distance between the rocky banks of the river gorge:

L=35m

wave travel time on the rocky bottom of the gorge from shore to shore:

T=0.0296 s

the average speed of an elastic wave propagation in a rock

Vp=1700 m/s

the bending angles of the rocky banks:

the left bank: ¢=57°
the right bank: ¢=57°

Taking these values into account, the average depth of the river gorge was calculated:

Haverage =14 m.

The average width of the lower terrace of the river gorge:

C=17m.

left g

5%
river bed

35m

river floodplain

wyr<y

2-3m

Fig. 3. A combined cut crossing the river gorge.




Taking into account the specificity of the obtained seismograms, it can be assumed that there is a
sharp maximum deepening of the rocky bottom near the left rocky slope of the river bed. In the 2-3 meter
section of the cut H exceeds 24 m, and in the rest of the section along the cut, H is of 10 m order.
Conclusion

Taking into account all the above said and the cut of Profile 1 we can build a model of a combined cut
crossing the river gorge in the study area (Fig. 3).
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KomniiekcHbie reogusnyeckue uccjaea0BaHusl, NPOBeJeHHbIE B
paiioHe OCHOBHBIX coopy:keHnuii crposimieiicas Hapsanu I'C Ha peke
HapoBanu

ML.I'. I'urudepus, x. K. Kupus, H.A. I'monTn

Pe3rome

[ToMuMO pa3nUYHBIX CTAaHAAPTHBIX 3334 WHKCHEPHOH T'eO(QH3HKH, MBI 4acTO MMEEM JEJI0 CO CIydasMHu,
MaJI0 U3BECTHBIMHU B JINTEpPAType, HO JOCTAaTOYHO JIETKO pellaeMbIMU reoU3NUecKUMH MeTogaMmu. B 31o
BpeMs BXKHO BBIOPATh MOAXOASAIINA METO M YIOOHBIH CII0CO0 €ro NCTIONb30BaHHU.

[IpencraBienHas cTaTbs NOCBSILEHA OAHOMY U3 TAKHX CIIy4aeB.

VY4acTKH CTPOMTENHCTBA IUIOTHH M APYTMX HHXCHEPHBIX COOPY)KEHHH PEYHOH CBS3U B OOJBIIMHCTBE
Clly4aeB cOJAep)KaT MONMBI peK, KOTOpble B OCHOBHOM IMPECTaBIECHBI 3aCHITAHHBIMHU IECKOM TalIbKOH U
BanyHamMu. OfHOH W3 BaXKHEHIIMX 3ala4 TpH HW3yYeHUH YCIOBHH 3akiankd (yHIAMEHTa SBISIETCS
OIpeaACICHUC I‘JIy6I/IHI)I 3aJicraHuss KOPCHHBIX IIOPOA. HOKpLIBaIOIlII/IC X TaJICYHBbIC ITOPOAbI CO34ar0T
00JIBIIINE TPYTHOCTH IPU OYPOBBIX padOTaX U Te€0PU3NIESCKIX UCCIETOBAHUIX.

B tex cimywasx, Koraa pyciao peKd OrpaHHMYeHO OTBECHBIMH CKajlaMH ¢ Oeperos, At 000uX reopu3nyecKux
METOJIOB CO3/1aeTCsl CYIIECTBEHHas Ipo0ieMa H3-3a HEBO3MOXKHOCTU IIPOKJIAJKU Kabenel CBA3M Ha
TpeOyemble uinHBL. [loKa3aTenbHO, YTO 4YacTh YHOMSIHYTBIX MPOOJIEM MOXHO paccMaTpUBaTh Kak
CIIOCOOCTBYIOIIME Pa3BUTUIO METO/1a, IPEUIOKCHHOTO HAMU B JAHHOH CTaThe.

KuaroueBsble ciioBa: celicMonpodriupoBaHue, ypyras BOJTHA.
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The Anomalous Magnetic Field of “Kaprovani” Settlement Territory
and its Geological Interpretation

Robert A. Gogua, Jemal K. Kiria, Nugzar Ya. Ghlonti
M. Nodia Institute of Geophysics, Iv. Javakhishvili Thilisi State University, Georgia

ABSTRACT

As a result of the geomagnetic studies conducted on the territory of Kaprovani we determined the magnetic absorption
intensity of the anomalous magnetic field and the sand of the territory, percentage of ferromagnetic minerals in the
sand and the source of the anomalous magnetic field.

Key words: magnetic field, magnetic anomaly, magnetic absorption.

The Black Sea area of Georgia, its sand saturated with magnetic minerals, is of universal interest due
to its effective healing value. Nevertheless, detailed geomagnetic surveys of the area have not been
conducted until recently. In order to solve this problem, we carried out geomagnetic surveys in the area with
modern digital equipment (proton magnetometer G-856, susceptimeter KM-7) and determined the
composition of the magnetic minerals in the sand samples in a laboratory.

The magnetic field of the study area was planned for 30 profiles in meridian direction (parallel to the
sea coast) in 1:1000 scale. The vertical gradient of the magnetic field was determined in several areas of the
territory.

The anomalous magnetic field map of the studied area is shown in Figure 1.

As the map shows, the anomalous magnetic field of the territory is intense and inhomogeneous.
According to the intensity of the anomalies, the territory can be divided into three zones.

The first zone covers the territory from the sea shore including Profiles 1, 2, 3, where the intensity of
the anomaly is 400-500 nT.

The second zone includes Profiles 4 - 14, where the anomaly of the magnetic field varies within 250-
400 nT.

The third zone is significantly different from the previous two zones, both in terms of magnetic field
intensity and nature. Starting from Profile 15 to Profile 18, the magnetic field anomaly is negative.

In the eastern part of the territory (Profiles 20-30), the magnetic field is quite varied and changes
within 250-550 nT.

The studies of the vertical gradient of the magnetic field at 0.5m, 1m, 1.5m and 2m heights show that
the anomaly decreases rapidly with height.

As the laboratory studies of the sand samples taken in the area show the main ferromagnetic minerals

in the sand are magnetite and titanomagnetite. Their total amount in the sand is 10%.
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Conclusion

The field investigations conducted on the territory of settlement “Kaprovani” showed that the
anomalous magnetic field of the area is intense and changes within the range of 250-550 nT.

A rapid decrease in the vertical gradient of the magnetic field means that the source of the magnetic
field is close to the diurnal surface. Besides, the laboratory analysis of the sand samples revealed that the
value of ferromagnetic mineral composition in the sand is high. All above said confirms that the main source
of the anomalous magnetic field in the investigated area is the sand spread over it, while strongly disturbed
values of the magnetic field in some areas of the territory are caused by technogenic reasons.
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AHOMAaJIbHOE MAarHUTHOE 10J1e paﬁona ImoceJika «KaHPOBaHI/I» H €ero
reojiornueCckass MHTepnperanus

P.A.Torya, I.K. Kupua, H.5. I'nonTn

Pe3rome

B pesynbrare reOMarHUTHBIX HCCIEAOBAHMM, IPOBEIECHHBIX Ha Tepputropun «KanpoBaHW», yCTaHOBIJICHBI:
HaINpPsPKEHHOCTh aHOMAJIBHOIO MArHUTHOTO IMOJIE U MarHUTHOE CBOWMCTBO MECKA, MPOIEHTHOE COAEpKAHHE
(eppOMarHUTHEIX MUHEPAJIOB B IIECKE U HCTOYHUK aHOMAJILHOT'O MarHUTHOTO TIOJIS.
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ABSTRACT

By means of geophysical methods (seismic and electromagnetic methods) it is possible to determine various
characteristics of the geological environment. Seismic methods allow us to determine the elastic parameters of the
environment (density, Poisson's ratio, Young's dynamic modulus, etc.), and with the help of electroprospecting methods
electromagnetic characteristics of the geological environment (resistance, conductivity, etc.). From the results of the
complex search, we can draw conclusions about the structure and humidity of the subsurface of the studied area. The
paper presents the results of the studies conducted on the landslide that developed on Machavariani street in Thilisi.
Seismic surveys were conducted using the method of refracted waves and seismic tomography, and electrical surveys
were conducted using the methods of vertical electrical sounding and natural electric field. Based on the analysis of the
received results, conclusions have been made about the depths of the landslide scarps, the mechanical condition of
rocks, their humidity and the possible presence of underground water flows.

Key words: longitudinal waves, transverse waves, seismic tomography, electroprospecting, vertical electrical sounding,
natural electric field

Introduction

In today's world, the extensive development of urbanization and construction contributes to the increase
of both environmental hazards and risk, as well as seismic risk. In this regard, the city Thilisi is no exception.
In terms of ecological risk and safety assessment, scientific assessment of geodynamic processes is
necessary. Based on the above, it becomes clear that for the correct assessment of ecological risk and safety,
geophysical studies using modern methods are of crucial importance [1,2].

The paper presents St. The results of the geophysical (electrical and seismic) survey of the landslide that
developed on Machavariani Street in Thilisi. The landslide is developed in the sediments of Oligocene age.

e o e N

Fig. 1. a) Machavariani landslide photographed by drone, b) one of the ruptures of Machavariani landslide
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Oligocene sediments are intensively fissured and represented by alternations of clays, argillites and
sandstones. Machavariani street landslide is a typical block landslide (Fig.1). The surface area of the moving
landslide body is about 1.5 hectares, and the volume is 225 thousand cubic meters. Its formation is related to
intensively fissured rocks.

Oligocene sediments are intensively fissured and represented by alternations of clays, argillites and

sandstones. Machavariani street landslide is a typical block landslide (Fig.1). The surface area of the moving
landslide body is about 1.5 hectares, and the volume is 225 thousand cubic meters. Its formation is related to
intensively fissured rocks.

Complex geophysical studies (electric prospecting, seismic profiling, seismic tomography) were
conducted to assess the depth structure, geometry, lithology, humidity, watering and its danger of the block
landslide. The methods of electroresearch are quite powerful and experienced means for studying the
geometry, lithology, humidity of landslides [1,3,5,14]. During the study of landslides, electro-research
methods are always assigned an important role. Geophysical methods are indispensable for determining the
depth structure of the landslide, the elastic parameters of the underground rocks, the depths of the cracks on
the landslide [7,11,13].

Electroprospecting works. On March 29, 2021, on the landslide located on Machavariani street (Thilisi,
Georgia), electroprospecting works were carried out using the method of vertical electrical sounding.
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Fig. 2. Positioning points of vertical electrical sounding in landslide body area.
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Fig. 3. Vertical electrical sounding curve obtained as a result of measurements near the landslide toe.
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The first measurement was made near the landslide tongue, on Machavariani Street (Fig. 2). The
measurement was performed by the vertical electrical sounding method. The maximum extension of the
current electrodes was 100 meters. The corresponding vertical electrical sensing (VEZ) curve is presented in
Fig. at 3. The figure shows the curve obtained as a result of resistance measurements in black, the theoretical
curve in red, and the layers separated by inversion in blue. The analysis of the VES curve allows us to
assume that the clay layer starts from a depth of about 25-30 meters. This result is in some agreement with
the results obtained by coring wells in the vicinity of vertical electrical sounding points.

The second measurement was made on the landslide body, about 500 meters away from the first
point (Fig. 4). The measurement was also performed using the vertical electrical sensing method. The
maximum extension of the current electrodes was 250 meters.
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Fig. 4. Vertical electrical sounding curve obtained as a result of measurements on a landslide body.

The corresponding vertical electrical sounding curve is presented in Fig. 4. Potentially humidity
layers are separated on the VES. However, the analysis of the vertical electrical sensing curve allows us to
assume that the entire investigated subsurface is characterized by high humidity, which may indicate the
inflow of water from certain areas.

Works of natural electric field measurement. The natural electric field was measured in the vicinity of the
vertical electric sounding point (Vashlichvari2, Fig. 2). The measurement was carried out by the potential
method. One electrode was fixed at the center of a stationary circle, and the other electrode, connected to it
by a 25-meter cable, moved around the circle by at an 90 degrees step. The potential difference was
measured at each step [6]. Measurements of the natural electric field allow determining the possible presence
and direction of groundwater flow. Based on the asymmetry of the diagram, it can be assumed that there is
movement of underground water. By analyzing the presented diagram (Fig. 5), we can assume the direction
of groundwater flow [6].
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Fig. 5. Natural field measurement result with circular (90° angle) rotation.
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Seismic profiling and seismic tomography. In order to investigate the state of the landslide developed in
the vicinity of Machavariani Street, 4 seismic profiles of different lengths were conducted using the method
of refracted waves and seismic tomography [8,9,10]. Figure 6 shows the scheme of the profiles, and also
Table 1 gives the corresponding coordinates. Profile N 1 is oriented along the fault and crosses it, and
profiles N 2 and N 3 - parallel to the fault. However, profile N 3 also crosses the fault. Profile N 4 is also
directed in the direction of the rupture. Profiles N 2 are conducted in the upper, relatively stable zone of the
landslide area, and profile N 3 - directly on the body of the landslide. Additionally, both longitudinal and
transverse wave velocities were determined for all profiles, and corresponding physical-mechanical
parameters were estimated for each layer.

The following physical-mechanical parameters were determined:

1 Vp m/sec Longitudinal wave velocity
2 Vs m/sec Shear wave velocity

3 Vs/Vp Velocitys ratios

4 p gricm”3 density

5 T} Poisson's ratio

6 Ed Mpa Young's Dynamic modulus
7 Gd MPa Dynamic shear modulus

8 KdMpa Dynamic bulk modulus

9 D Mpa General deformation modulus
10 T Mpa Hardness limit by compression

Note. 1-3 of the mentioned parameters are obtained as a result of research, 5-8 are calculated based on
known theoretical assumptions, and 4, 9, 10 are obtained using empirical connections available to us.

After obtaining accurate geological information, it will be possible to determine the identification of
separated layers and determine the relevant physical-mechanical parameters with greater accuracy
[8,9,10,12].

Fig.6. Layout scheme of seismic profiles. N s indicates the beginning of the profile, and N e - the end of the
profile.
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Seismic slice N 1 is particularly informative, showing that in the southwestern part a lenticular
depression of the third layer is observed, which should lead to a relatively stable condition, but since nearby,
the exposure in the area adjacent to this street shows a newly observed fault with a displacement of up to 0.5
meters, obviously that this area is also experiencing active deformations.
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Fig. 7. Seismic cross section N 1.
In its northeastern part, to the right of the fault, (right of the fault indicated in Fig. 6) there is a slope of

the existing layers, which is one of the main factors for the development of the landslide event. Based on the
above, in order to obtain more complete information, we consider it expedient to cover the entire area of

landslide occurrences and its adjacent zones with a network of complex geophysical surveys.

Table 1. Values of physical-mechanical parameters for profile N 1.

Layer N | Parameters Parameter description values
Vp m/sec Longitudinal wave velocity 391
Vs m/sec Shear wave velocity 268
Vs/Vp Velocitys ratios 0.69
p gr/cm”3 Density 1.43
- I} Poisson's ratio 0.06
Ed Mpa Young's Dynamic modulus 220
Gd MPa Dynamic shear modulus 103
KdMpa Dynamic bulk modulus 817.82
D Mpa General deformation modulus 3.30
T Mpa Hardness limit by compression -
Vp m/sec Longitudinal wave velocity 1934
Vs m/sec Shear wave velocity 1189
Vs/Vp Velocitys ratios 0.61
p gr/cm”3 Density 2.14
~ M Poisson's ratio 0.20
Ed Mpa Young's Dynamic modulus 7220
Gd MPa Dynamic shear modulus 3019
KdMpa Dynamic bulk modulus 39619.25
D Mpa General deformation modulus 793.89
T Mpa Hardness limit by compression 4.95
™ Vp m/sec Longitudinal wave velocity 2896
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Fig. 9. Seismic cross section N 3.
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Vs m/sec Shear wave velocity 1236
Vs/Vp Velocitys ratios 0.43
p gr/cm”3 density 2.36
U Poisson's ratio 0.39
Ed Mpa Young's Dynamic modulus 10020
Gd MPa Dynamic shear modulus 3609
KdMpa Dynamic bulk modulus 149993.20
D Mpa General deformation modulus 1328.50
T Mpa Hardness limit by compression 5.92
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Fig. 8. Seismic cross section N 2.
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Table 2. Values of physical-mechanical parameters for profile N 2.

Layer N Parameters Parameter description values
Vp m/sec Longitudinal wave velocity 483
Vs m/sec Shear wave velocity 339
Vs/Vp Velocitys ratios 0.70
p gr/cm”3 Density 151
» M Poisson's ratio 0.01
Ed Mpa Young's Dynamic modulus 350
Gd MPa Dynamic shear modulus 173
KdMpa Dynamic bulk modulus 1208.55
D Mpa General deformation modulus 6.83
T Mpa Hardness limit by compression -
Vp m/sec Longitudinal wave velocity 1826
Vs m/sec Shear wave velocity 1103
Vs/Vp Velocitys ratios 0.60
p gr/cm”3 Density 2.10
~ M Poisson's ratio 0.21
Ed Mpa Young's Dynamic modulus 6210
Gd MPa Dynamic shear modulus 2561
KdMpa Dynamic bulk modulus 36038.60
D Mpa General deformation modulus 626.54
T Mpa Hardness limit by compression 4.20
Vp m/sec Longitudinal wave velocity 2962
Vs m/sec Shear wave velocity 1234
Vs/Vp Velocitys ratios 0.42
p gr/cm”3 Density 2.38
- Il Poisson's ratio 0.39
Ed Mpa Young's Dynamic modulus 10090
Gd MPa Dynamic shear modulus 3617
KdMpa Dynamic bulk modulus 160181.33
D Mpa General deformation modulus 1343.11
T Mpa Hardness limit by compression 5.93
Table 3. Values of physical-mechanical parameters for profile N 4.
Layer N | Parameters Parameter description values
Vp m/sec Longitudinal wave velocity 268
Vs m/sec Shear wave velocity 188
. Vs/Vp Velocitys ratios 0.70
p gr/cm”3 Density 1.30
vl Poisson's ratio 0.02
Ed Mpa Young's Dynamic modulus 90
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Gd MPa Dynamic shear modulus 46
KdMpa Dynamic bulk modulus 321.78
D Mpa General deformation modulus 0.81
T Mpa Hardness limit by compression -
Vp m/sec Longitudinal wave velocity 1035
Vs m/sec Shear wave velocity 630
Vs/Vp Velocitys ratios 0.61
p gr/cm”3 Density 1.83
~ M Poisson's ratio 0.21
Ed Mpa Young's Dynamic modulus 1750
Gd MPa Dynamic shear modulus 725
KdMpa Dynamic bulk modulus 9899.43
D Mpa General deformation modulus 85.67
T Mpa Hardness limit by compression 1.19
Vp m/sec Longitudinal wave velocity 2433
Vs m/sec Shear wave velocity 1023
Vs/Vp Velocitys ratios 0.42
p gr/cm”3 Density 2.26
o H Poisson's ratio 0.39
Ed Mpa Young's Dynamic modulus 6590
Gd MPa Dynamic shear modulus 2367
KdMpa Dynamic bulk modulus 102311.68
D Mpa General deformation modulus 687.81
T Mpa Hardness limit by compression 3.88
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Fig. 10. Seismic cross section N 4.

Along with this, an experimental investigation of its depth was conducted in the area of the rupture.
Based on the mathematical analysis of the received seismograms, it was determined that the depth of the

20



open part of the fault is about 16 m. At the same time, the possible continuation of the opened part in depth is
not excluded.

Conclusion:

1.The surface area of the moving landslide body is about 1.5 hectares, and the volume is about 225 thousand
cubic meters.

2.The main rupture plane in the Main scarp of the landslide body is approximately 14-16 m deep;

3.The amount of horizontal displacement of the block landslide is about 2.30-2.40 m;

4.The analysis of the vertical electrical sounding curve allows us to assume that the clay layer begins at a
depth of about 25-30 meters. This result is in quite good agreement with the results obtained by coring
wells in the vicinity of VES.

5.Potentially humidity layers are separated on the presented vertical electrical sounding curve. In addition to
the watered layers, the analysis of the vertical electrical sounding curve allows us to assume that the entire
investigated underground space is characterized by high humidity, which may indicate the inflow of water
from certain areas in the landslide body. Additional studies are needed to achieve high reliability of the
results.

6. It is advisable to organize monitoring of unstable sections with different geological and geophysical
methods in order to determine the speed of different sections of the landslide.

7. On the most moving block, it is advisable to install the patented, telemetric automatic multi-sensor early
warning system created at the Institute of Geophysics (4). We consider installation of the system a must,
because in the case of seasonally increased rainfall, activation of landslides is not excluded,;

8. It is necessary to determine the underground water supply, for which it is necessary to continue the
research using the natural electric field method and also conduct isotope analysis of the water moving in
the landslide body.

9. It is necessary to avoid the landslide body as much as possible from the inflow of underground and surface
waters, for which it is necessary to make an appropriate engineering decision (it may be a drainage
arrangement). In order to effectively solve this task, it is necessary to determine the geometry of the
groundwater feeding the landslide body. And, in order to determine the geometry of underground waters, it
is necessary to conduct complex geophysical studies.
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Pe3y.m>TaT1>1 HCCICA0BAHUA OIOJI3HA HA YJIHIIE MaanapnaHn
METOAaMHU JICKTPOPA3ZBCIAKHU U CCﬁCMOp%BBCI[KH

H.J. BapamamBuiu, M.I'. 'uru6epus, /x.K. Kupusa, H.A. I'nonaTn
Pesrome

C moMOmpl0 TeoM3UIECCKHMX METOMOB (CEHCMHUYECKHX W DJICKTPOMArHHUTHBIX) MOJKHO OIPEACIAThH
pa3UYHBIC XapaKTEPUCTUKH TeOJIOTHUYECKON cpenpl. CelcMHUecKHe METOABl TO3BOJIIOT OIpPEACTUTh
yOpyTHe napaMeTpsl cpes! (TUIOTHOCTH, Kodhdunment Ilyaccona, nuaamMudeckuii Moxynb FOHTa 1 1p.), a ¢
MOMOIIBIO AIIEKTPOPA3BEAOUYHBIX METOJOB AJIEKTPOMATHUTHBIE XapaKTEPUCTHKH T'EOJOTHYECKON Ccpelibl
(compoTHUBIIEHNE, AEKTPOIPOBOAHOCTh M Ap.). 1lo pe3ympTaTraM KOMILIEKCHOTO TOWCKAa MOXKHO CIENaTh
BEIBOJIBI O CTPYKTYpPE W BIQXHOCTH HEIp HM3y4aeMOil TeppuTOpuu. B craThbe mpencTaBieHBI pe3ylbTaThl
WCCIIC/IOBAaHNH OTOJI3HS, oOpa3oBaBiuerocst Ha ymuie MauaBapuanu B TOwmmucu. CelicMOpa3BeJOYHBIC
paboTBl TIPOBOAWIINICH METOJIOM TIPEIOMJICHHBIX BOJH M CceicMoToMorpaduu, a »dIeKTpopa3BelKa —
METOAaMH BEPTHKAJIBHOTO 3JIEKTPHUYECKOTO 30HIMPOBAHHMS W E€CTECTBEHHOTO 3JIeKTpHueckoro moms. Ha
OCHOBAaHWM aHalin3a IOJYYCHHBIX PE3YyJIbTATOB CACJIAaHbI BBIBOABI O FHyGHHaX 3aJICTaHus OIIOJI3BHEBBIX
YCTYIIOB, MEXaHHYECKOM COCTOSHHH TOPHBIX TOPOJ, WX BIAKHOCTA M BO3MOXHOM HAJIHMYUU TMOTOKOB
IIOA3€MHBIX BOJ.

KaroueBble cjioBa: TIPOJOJIBHBIE  BOJNHBI, IIONEPEYHBIE  BOJHBI, CelcMUYecKas Tomorpadus,
3JIEKTPOPa3BEIKa, BEPTUKATIHHOE SIEKTPUUECKOE 30HANPOBAHNE, €CTECTBEHHOE SJIEKTPHUUECKOE TOJIE.
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ABSTRACT

Heavy snow and avalanches are frequent in Georgia during the cold period of the year. The development of these
natural disasters is causing significant damage to the country's economy. Heavy snow and avalanches cause road
closures and delays, damage to infrastructure, endanger human health.

The paper examines cases of heavy snow and avalanches for the period 2014-2018. Based on the data of the National
Environment Agency, a table of cases of heavy snow and avalanches has been compiled by regions of Georgia.

Based on the table, a geo-information map of heavy snowfall and avalanches has been compiled for the study period,
showing the municipalities where natural disasters occurred.

Cases of damage caused by heavy snow and avalanches in 2014-2018 are reviewed and described.

Key words: Avalanche, heavy snow, natural disasters, geoinformation map.
Introduction

Natural phenomena in Georgia are not so rare at any time of the year. Especially noteworthy is the
winter period. It is a known fact that most of the territory of Georgia features mountainous and mountainous
regions. Therefore, such natural phenomena as heavy snowfalls and avalanches cause significant damage to
mountainous areas - they damage infrastructure, impede movement, and threaten civilians' health [1; 2]. The
study of heavy snowfalls and avalanches is vital, given that developing winter resorts is one of the priority
areas of the Georgian economy. Their position is especially noteworthy in recent times. Against the
backdrop of climate change, which has been developing since the second half of the 20th century.

One can observe the activation of various natural phenomena. There are documents and studies
dedicated to heavy snowfalls and avalanches, both now and in the past [3-5]. Preventing damage to them has
always been on the agenda.

Materials and methods

This article briefly considers cases of heavy snowfalls and avalanches on the territory of Georgia in
2014-2018. Based on the available study, some characteristics of these cases are analyzed.
The data was provided by the National Environment Agency.
The study is processed using proven methods of mathematical statistics and probability theory in
climatology.

Results

Heavy snowfalls and avalanches developed on the territory of Georgia with varying frequency and
intensity in 2014-2018. All these cases are classified according to the regions and municipalities. They are
present in a corresponding chart (Table 1). Table 1 also indicates the settlements and areas where heavy
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snowfall and avalanche cases have been recorded. As well as the processes during which the catastrophe
developed.

Table 1. Distribution of heavy snowfall and avalanche cases in 2014-2018 on the territory of Georgia

Region Municipality Populated area Causing process
Abkhazia - - -
Adjara Batumi, Khulo, Shuakhevi, | Batumi, Khulo, Shuakhevi, Goderdzi | Western process,
Kbuleti, Khelvachauri, pass, Kobuleti, Khelvachauri, Cycle process
keda. Bodzauri, Peria, Zeda gantiadi,
Tsablana, 1 May, Zvare,
Pushrukauli, lakobidzeebi,
Oshinakhevi, Khabelashvilebi
Imereti Tskaltubo, Tkhibuli, Tskaltubo, Nagerali pass, Moliti Western process
Kharagauli
Samegrelo- Mestia Ushguli (Chdjashi), Djvari-khaishi -
upper Svaneti part, Tetnulda
Racha- Ambrolauri, Tsageri, Tkhibuli-Ambrolauri road, Tsageri, Cycle process
lechkhumi Lentekhi, Oni Lentekhi, Oni-Shovi 15 km
Lower
Svaneti
Guria Chokhatauri, Ozurgeti Bakhmaro, Ozurgeti Western process
Shida Qartli - - -

Qvemo Qartli - - -
Samtskhe- Ninotsminda, Akhaltsikhe, | Akhaltsikhe, Ninotsminda, Adigeni. Cycle process,
Javakheti Adigeni Western process
Mtskheta- Dusheti, Stepantsminda Jinvali-barisakho road, Pshavi Cycle process,

Mtianeti (chargali), Ananuri, Pasanauri, Increase of the snow
Gudauri, Nabeglavi, Mleta, Djuta, height intensively,
Khanobi, Jvari pass besides the Thermal process,
Traverta, Arakhvneti, Kobi- 1 and 2 | Dramatic increas of
inbetween tunnels, Kobigudauri the temperature
kobi, Mleta, Bedoni.
Kakheti Akhmeta Tusheti road East process

Table 1 shows that, compared to other regions in Georgia in the Adjara and Racha-Lechkhum
Kvemo Svaneti, cases of heavy snowfalls and avalanches are more frequent.

During the study period, natural disasters were registered in all municipalities. Western processes in
the area were the main causes of heavy snowfalls and avalanches area. Dusheti and Stepantsminda
municipalities of the Mtskheta-Mtianeti region are also exceptional on the mentioned topic, where natural
disasters were observed in dozens of places, on central and internal highways, passes, and crossings. Within
all the processes that cause heavy snowfalls and avalanches, The research contains a sharp increase in
temperature, a thermal process, intense snowfall, etc. records For the Mtskheta-Mtianeti region.

Based on Table 1, we have compiled a geoinformation map (. 1), which shows the distribution of
cases of heavy snowfalls and avalanches in 2014-2018. by municipalities in the territory of Georgia.
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Fig.1. Heavy snowfalls and avalanches, according to municipalities from 2014-2018 years

The map represents territories and municipalities with heavy snowfalls and avalanches recordings in
2014-2018. In some cases of which, heavy snowfalls and avalanches caused damage to settlements or road
infrastructure. Accordingly, the Geoinformation map is built with this exact information. As mentioned,
heavy snowfalls and avalanches are among the natural disasters that destroy infrastructure, cause loss of life,
causing significant damage and loss to the country, especially to municipalities in mountainous and high
mountain areas. The list of such cases is numerous, from 2014-2018. Here is a description of some cases,
provided by the National Environment Agency:

Five extremists got caught, and unfortunately, four of them passed away during the avalanche in the
municipality of the Mestia (Chadjimi) in 2014 on 7 march;

Four civilians got caught during the avalanche in the Chokhatauri municipality, the disaster caused
the death of one of them sadly;

In 2016 on 12 December, an avalanche in the Svaneti caused the death of one civilian, the disaster
took place at the connecting road of Khashimi and Jvari, a local civilian was driving the minibus when he got
caught in the avalanche.;

In 2017 on the 2nd of January, heavy masses of snow demolished the house of a local and caused an
unfortunate death;

In 2017 on 13 March, the extrimist got caught under the masses of snow caused by an avalanche and
passed away, tragedy took place in Khazbegi municipality;

In 2017 on 14 May, one civilian passed away due to an avalanche in Tusheti, on the 43km road of
Pshaveli-Omali;

In 2018 on the 4th of January, extremists got caught in an avalanche and passed away in Tetnuldi
mountain resort.

In 2016, on 24 January in Batumi snow coat was one meter high. The seaside town was practically
paralyzed transportation was hardly possible on main roads only with specific automobiles. In Adjara, Heavy
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snowfall caused electron energy blackouts for about 1500 locals. The light source got cut out for the Batumi
and Khelvachauri regions as well.

2017s heavy snowfall on the 1st of January caused the village Zemo Peria, Municipality of
Khelvachauri, a fatal tragedy the civilian got caught up in the ruins of his house and passed away.

The cases described and the damage from natural disasters that are shown in these cases indicates,
how important it is to take various preventive measures and reduce the consequences of expected heavy
snowfalls and avalanches.

Conclusion

A study that covers the 2014-2018 years of analysis of the heavy snowfalls and, avalanches, shows
natural disaster circulates in Adjara and Racha-Lechkhumi Qvemo Svaneti most of the time when it comes to
western Georgian regions, but for the eastern regions of Georgia Mtskheta-Mtianeti region, especially in
Dusheti and Kazbegi municipalities.

The research is done with the support of "Shota Rustaveli national scientist faundation"
[Grant number - FR-21-1677].

The study report was represented at the Il International Scientific Conference Landscape Dimension of
Sustainable Development: Science, CartoGis, Planning, Governance, which was held on September 12-16 in
Thilisi, st. Javakhishvili of Thilisi State University, and was dedicated to the 75th anniversary of the birth of
the outstanding Georgian geographer-cartographer, Professor Nikoloz (Niko) Beruchashvilis' 75th
anniversary of his birth. The abstract of the article is published in the collection of conference abstracts (pp.
211-212), in Georgian and English languages.
(https://icldscartogis.tsu.ge/assets/media/uploads/images/abstracts_book 2022.pdf).

The authors thank the M.Nodia Institute of Atmosphere Physics department headman Avtandil
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CuibHbIE CHEronaJbl ¥ JJaBMHbI HA Tepputopuu I'py3un
B 2014-2018 rT.

H. bBernapamBuiu, C. I'oprugxanunsze, H. Kooaxunze, M. Ilunua,
B. YUuxunanze, U. d:xxaneaunse, I'. Jkunuapanse

Pe3rome

Ha teppuropuu ['py3un B X0IOAHBIA MEPHOJ TOJa HEPEIKU CUIIBHBIE CHETOMAbl U CXOJ JaBUH. PazButue
STUX TPHUPOJIHBIX SBICHUI HAHOCUT 3HAYMTEIBHBIN yIIEepO SKOHOMHUKE cTpaHbl. CHIbHBIC CHEromnaabl U
JIABUHBI TPUBOMIAT K IMEPEKPBHITHIO JOPOT M HAPYIICHUIO IBWKCHHS, MOBPEKICHHIO HHPPACTPYKTYPHI,
CO3JIaHUIO OTIACHOCTH JISI 3I0POBbS JIIOICH.

B pabote paccMoTpeHBI ciydauw CHIIBHBIX CHETOmajoB W JaBuH 3a nepuoxa 2014-2018 rr. Ha ocHoBaHuu
JAHHBIX HarmoHaTh,HOTO areHTCTBA IO OKPYKAMOIMIEH cpelie COCTaBjieHa TaOJMIa CIIy9aeB CHIIBHBIX
CHETOITaJIOB M CXOJIOB JIaBUH TI0 peruoHam I py3umn.

Ha ocHoBanmu TaOnuimbl cocTaBieHa TeoMHGOpPMAIMOHHAs KapTa OOWIBHBIX CHETONAIOB W JIABUH 3a
WCCJIeTyeMBIi ITEPHO/, Ha KOTOPOI OTMEUEHBI MyHUITUTIIAIEHBIE 00pa30BaHMUs, T]I€ IIPOUCXO/IUIA CTUXUHHBIE
OencTBusl.

OOCyYXIIat0TCSl M OIMCBHIBAIOTCS CITydan YOBITKOB U MOBPEKICHUN, BRI3BAHHBIX OOMIBLHBIMU CHETOMAJaMU H
naBuHamu B 2014-2018 rr.

KiroueBble ciioBa: JJaBUHA, CHJIBHBIN cHEromnanm, CTUXHIHEIC 6eZ[CTBI/I$I, FCOI/IH(l)OpMaI_II/IOHHaFI KaprTa.
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ABSTRACT

Temporal and spatial variations of PM2.5 and PM10 concentrations in Thilisi city atmosphere during pandemic period
(2020-2021) are studied through analysis of routine observations, experimental measurement data, and numerical
modeling. Maximum, minimum and average monthly values of concentrations are determined. It is shown that hourly
variation of concentration is characterized with two maximums in the intervals between 9-10 and 18-21 hours and by one
minimum from 0 to 6 h. It is established that measures related to “Lockdown” cause significant reduction of
microaerosols concentration in urban air. It is shown that a change of their concentrations varies near the average values
peculiar for automobile roads. Sharp increase of concentration values is observed at some road sections that is caused
by local ecological conditions. Kinematics of PM2.5 and PM10 concentration changes induced by motor transport at
Thilisi city territory is explored using 3D model of admixture transfer-diffusion in the atmosphere. Diurnal pattern of
dust spatial distribution is studied. Concentration values obtained via modeling are within the limits of values received
through routine observations. It is established that a disposition of heavily polluted areas depends on motor transport
traffic intensity, highways location, and local circulation systems formed by the dynamic influence of terrain and diurnal
change of thermal regime at the underlying surface.

*Corresponding Author: Liana Intskirveli; E-mail: intskirvelebi2@yahoo.com.

Key words: atmosphere, pollution, numerical modeling, concentration, PM
Introduction

PM2.5 and PM10 microparticles are the main ingredients of environment pollution with high risk
factor for human health. Prolonged presense of dust and microparticles in the atmosphere causes not only
significant deterioration of human health, but also millions of deaths. Atmospheric air pollution with PM2.5
and PM10 particles is especially dangerous under conditions of COVID-19 pandemic. Scientific investigations
show that microaerosols as COVID-19 virus carriers with great permeability into human organism are very
hazardous for public health [1-7].

Negative impact of PM2.5 and PM10 is particularly strong in large cities and industrial centers, where
a potential of atmosphere pollution with aerosols is very high. Though, Thilisi is not ranked among the 500
most contaminated cities of the world [8], but according to data of National Environmental Agency of Georgia
[9] PM2.5 and PM10 concentrations in Thilisi city atmosphere reach and in some cases even exceed the values
of maximum permissible concentrations (MPC). Presumably, a high mortality level caused by viral diseases
in 2020-2021 in Georgia is partly resulted from this circumstance. Therefore, the study of temporal variation
and spatial distribution of PM2.5 and PM10 in Thilisi city atmosphere is of great importance for elaboration
of practical measures aimed to human health and environment protection.

Research method

Some issues of temporal and spatial variation of dust propagation in Thilisi city atmosphere are
discussed in the works [10-13]. The impact of restrictions on the movement of road transport on air pollution
in Thilisi in the spring of 2020 due to the COVID-19 coronavirus pandemic is discussed in [14]. Due to small
size and very low precipitation rate (<1 mm/sec) of PM2.5 and PM10, atmospheric distribution of
microparticles under complex terrain conditions differs from dust propagation. The current work deals with
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the problems of atmospheric pollution of Thilisi city and adjacent territories with PM2.5 and PM10 under
conditions of restrictions related to COVID-19 pandemic by means of analysis of routine observations,
experimental measurements data, and numerical modeling.

Research results

In Fig. 1 there are shown monthly absolute maximum, minimum and average PM concentrations in
Thilisi city atmosphere in 2020, which are obtained according to data of operating supervision carried out by
the National Environmental Agency of the Ministry of Environmental Protection and Agriculture of Georgia
[9]. Itis seen from Fig. 1, that as a rule, concentrations of PM2.5 particles in Thilisi atmosphere are 2-4-times
less than PM10 concentrations, and their change curve behaviour is similar (Fig. 1). In case of routine pace of
everyday life, maximum values of concentration almost always exceed the corresponding MPCs, minimum
concentrations are always less than MPC, while average values surpass the respective MPCs in winter period
only.
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Fig. 1. Monthly absolute maximum, minimum and average PM2.5 and PM10 concentrations in Thilisi city
atmosphere in 2020.

Fig. 2 shows the diagram of hourly motion for last 5 days of November 2020. It is seen from Fig. 2
that from 26 to 28 day of the month inclusive, low concentrations are registered. Concentration drop is related
to measures foreseen by the Lockdown (during the second pandemic wave) that were introduced starting from
November 24: motor transport traffic restriction, closing of stores, shift to remote working for many public
services etc. On November 29, so-called “Black Friday”, transport traffic was sharply increased that
respectively caused the rise in microparticles concentrations. Maximum PM2.5 concentration reached 136.59
mcg/m? within 2 days, while PM10 concentration — 186.54 mcg/m3, that 4- and 5-times exceeds their respective
MPCs.
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Fig. 2. Hourly motion of PM2.5 and PM10 concentrations on November 26-30, 2020 at observation point of
monitoring situated at Tsereteli Avenue.

Experimental route measurement of PM2.5 and PM10 concentrations were conducted at main trunk
roads of Thilisi and its adjacent territories. Concentration values were determined using portable devices
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»Aeroqual Series 500 and ,,TROTEC PC220* with 10 minute averaging. In Fig. 3 there are shown average
values of concentrations obtained through measurements carried out in summer period of 2020 and 2021 from
9AM to 10PM.
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Fig. 3. Column-type diagram of PM2.5 and PM10 concentrations obtained via field measurements in Thilisi
city and adjacent territories (dark blue — PM10, red — PM2.5)

It is seen from Fig. 3 that microaerosols concentrations in daylight hours are high throughout the length
of the central part of the city, in the surroundings of trunk roads, passing along Mtkvari River embankment, as
well as Kakheti Highway, and Vake-Saburtalo, Gldani, TEMKA, Ortachala districts. Relatively fewer
concentrations are obtained in the neighborhood of Thilisi Sea. Concentration values in the high pollution area
reach 1 MPC, while at less urbanized territories located out of the city, concentrations are less than 0.3 MPC.
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Fig. 4. PM2.5 and PM10 concentration values at the automobile road: Gldani bridges, Beliashvili Str.,
Vakhushti Bridge, Gagarin Str., Gelovani Ave., hospitals, Didi Digomi, on 21.10.2020 (N — sequential
number of a measurement point)

Microaerosols concentration along some automobile roads depends on both motor transport traffic
intensity and local peculiarities. Fig. 4 shows a concentration change at the road connecting Gldani bridges
with Didi Digomi. It is seen from Fig. 4 that microaerosols concentration at major part of the road is less than
MPC and varies within average values, and concentrations are especially high in the vicinity of Gldani bridges
and Didi Digomi (Gelovani Highway). High concentration values at the mentioned sections are caused by
“rush-hour”-like situation existing at the moment of observation, and by current repair and construction works.
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Microaerosols concentrations change within the similar limits in the neighborhood of other main trunk road of
Thilisi, depending on respective local peculiarities.

In order to investigate the temporal and spatial evolution of microaerosols, PM2.5 and PM10
distribution in Thilisi and adjacent territories is modeled by means of 3D numerical model [11]. Numerical
grid of high resolution ability with 300 and 400 m horizontal steps along parallel and meridian is used. Vertical
step varies from 0.5 to 15 m in the 100 m thick surface layer of the atmosphere, while in the atmospheric
boundary layer and free atmosphere a vertical step is equal to 300 m. As far as there are no atmosphere-
polluting large industrial enterprizes in Thilisi city, it is assumed that a main source of atmosphere
contamination is represented by microparticles generated and sprayed due to motor transport traffic. PM2.5
and PM10 concentrations change is modeled for 72 hours in cases of meteorological situations peculiar for the
region.

Numerical modeling showed that in summer, during light background south air, a spatial distribution
of PM2.5 in the atmosphere in 0-6 h time interval is not uniform. Its concentration at the major part of the city
is within 0.001-0.1 mcg/m?® at 2 m height from the Earth surface. In the city center, at the territories of Vake,
Saburtalo districts, in the neighborhood of Tsereteli Avenue, Kakheti Highway and trunk roads connecting
Thilisi and Rustavi, PM2.5 concentrations vary from 1 to 5 mcg/m?®. Above 100 m, concentration reduction
takes place and its value at 600 m altitude doesn’t exceed 1 mcg/m®,

Fig. 5 shows the fields of wind velocity and PM2.5 concentration obtained through numerical
integration at 2, 100 and 600 m height above ground level at t = 9, 12, and 15h in case of light background
south air. It was obtained that after 6AM, PM2.5 concentration increases at the entire territory of the city with
increase of motor transport traffic intensity. Concentration growth is not uniform. It is especially high in the
city center, in Vake and Saburtalo districts. At these territories, at 9AM, concentration value at 2 m height in
the surface layer of the atmosphere varies within the limits of 25-35 mcg/m?. After 9AM, concentration reduces
in the main pollution areas and quazi-stationary distribution of microaerosols establishes. A slight positive
vertical gradient is characteristic for obtained distribution at 100 m thick boundary layer, and a slight negative
gradient — above 100 m altitude.

t=9h;z=2m. t=9h;z=100m.

Fig. 5. Wind velocity (m/sec) and PM2.5 concentration (mcg/m?) fields in summer, in the surface and
boundary layers of the atmosphere, whent =9, 12, and 15 h.

In the time interval from t = 15h to 21 h, takes place a sharp increase of PM2.5 concentration, which
is caused by the second “rush-hour”-like situation of motor transport traffic (Fig. 6). Concentration increase at
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2 m height from the Earth surface at t = 18h is obtained in Vake and Saburtalo districts. Concentration changes
within the limits of 25-35 mcg/m®. Concentration rise is relatively lesser at some small-size areas of Rustaveli
and Gorgasali Avenues, Kakheti and Rustavi Highways, Ortachala and Ponichala. Fromt=18h to 21 h, PM2.5
concentration is getting smaller at relatively highly polluted areas. Vertical turbulent and convective diffusion
of aerosol particles occurs with ground-level concentration increase and, as a result, PM2.5 content increases
at 100 and 600 m heights. At these levels, maximum concentration values by t = 18h become equal to 20 and
15 mcg/m®. After t = 18 h, at 2 m height a slow reduction of concentration begins and at 100 m height its rise
lasts. When t = 24h, such a vertical distribution of microaerosols establishes, during which PM2.5
concentration at 100 m height is higher than those obtained at 2 and 600 m altitude. As for time variation of
pollution, the process repeats on a quasi-periodic basis after t = 24h.

A vertical distribution of PM2.5 concentration in the surface layer of the atmosphere, in three vertical
cross-sections made along the parallel, is shown in Fig. 7, from where is seen that in the period fromt = 3h to
6 h, PM2.5 concentration in the surface layer of the atmosphere is less than 5 mcg/m?® and is characterized by
slight reduction trend. After t = 6 h, aerosol concentration in the surface layer is getting higher with motor
transport traffic intensity growth and by t = 9 h, average and high pollution zones form. They have quite large
vertical and horizontal sizes and include almost entire surface layer. From t = 9h to 15 h time period, despite
a fixed amount (9-12 h) and small reduction (12-15 h) of aerosols, entering into the atmosphere, takes place
substantial reduction of concentration and air quality improvement. Sharp increase of ground-level
concentration is registered in t = 16-21 h time interval. In this timespan, maximum value of concentration near
the earth ground reaches 50 mcg/m® at small area. Through analysis of vertical distribution of PM2.5
concentration at various points of time one can conclude that in case of light background air the prevailing
mechanism of aerosol propagation is represented by vertical and horizontal diffusion into the surface layer of
the atmosphere. Turbulent flows take aerosols away from the surface layer to the boundary layer, where an
advective transfer causes pollution dispersing at large areas and air self-purification. In high pollution zone,
in the second half of a day, an important role is played by convective transfer, during which a heated air mass
starts an intensive ordered relocation upward vertically from the earth ground and takes along available
microparticles.

t=24h;z=2m t=24h;z=100m.

Fig. 6. Wind velocity (m/sec) and PM2.5 concentration (mkg/m?®) fields in summer, in the surface and
boundary layers of the atmosphere, when t = 18, 21, and 24 h.
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Fig. 7. PM2.5 concentration isolines in three vertical cross-sections made along the parallel in the lower 100
m thick atmospheric layer.

The picture similar from the viewpoint of temporal change and significantly different according to
spatial distribution was obtained in winter, during numerical modeling of PM10 distribution in case of light
background south air. The similarity lies in the pattern of concentration’s temporal variation. In particular, it
was established that a pollution level is minimal in time interval from t = 0 h to 6 h and maximal — during rush-
hour situations (t = 9-10 h and 18-21 h).

When t = 9h, concentration is relatively high at 2 m height above ground level, both at main trunk road
and urbanized territories, and in the suburbs. 25-40 mcg/m?® concentration is obtained in the neighborhood of
Vake, Saburtalo, Gldani, TEMKA districts and near Guramishvili Avenue, Kakheti and other highways.
Pollution level increase takes place at 100 m altitude from the earth surface, as well, and in relatively small
amount at 600 m height. Concentration values at 100 and 600 m heights are within the limits of 20-30 mcg/m?®
and 10-15 mcg/m®.

In time interval from t = 9 h to 15 h a slight reduction of concentration is obtained. It is related to
reduction of transport traffic intensity and to approach of formed local anticyclonic whirl center to the sources
of pollution. The same situation occurs at 100 and 600 m height above ground level. Calculations showed that
maximum values of PM10 concentration are equal to 20-25, 10-15 and 5-10 mcg/m? at 2, 100 and 600 m
altitudes from earth surface, respectively. At 100 m height from earth surface, the difference between
concentration distributions at t = 9h and 12 h is very small.

After t = 16h the ground-level concentration starts to rise. This increase is primarily noticeable at 2 m
height. At 100 and 600 m altitudes concentration growth virtually has no place. By t = 18h PM10 concentration
at 2 m height from earth surface equals to 35-40 mcg/m?® in the vicinity of VVazha-Pshavela, Chavchavadze,
Rustaveli avenues, Liberty and Erekle squares. Near other central avenues, concentration reaches 30 mcg/m?
(Fig. 8).

Especially rapid growth of atmosphere pollution with PM10 takes place after t = 18h. Intensive growth
of pollution occurs not only in the central part of the city, but also on the periphery: Gldani and TEMKA
districts, surroundings of Ortachala and Ponichala, Rustavi and Kakheti highways etc. When t = 21 h,

34



maximum concentration values are high at some small-size areas of polluted territory and they vary within 80-
100 mkg/m3, while at other heavily polluted territories — in the range of 50-70 mcg/md,

Ground-level concentration rise is accompanied with its growth in the upper surface layer and lower
boundary layer of the atmosphere. When t = 21h, concentration values equal to 20-25 mcg/m? and 5-10 meg/m?®
at 100 and 600 m height above ground level, respectively. The area of increased pollution is of horseshoe-
shaped (U-shaped) form and covers large territory of the central and northern parts of the city. At 600 m height,
the area of increased pollution occupies an eastern part of modeling area. After t = 21 h, a rapid decrease of
ground-level pollution begins, due to which the ground-level concentration value drops to 5 mcg/mé. The
similar process takes place at 100 and 600 m altitudes, as well.

t=18h,z=100m t=18h,z=600m

44.7 44.8 44.9 45 4 4.8 44.9 45

t=21h,z=100m

Ty
B )

Fig. 8. Wind velocity (m/sec) and PM10 concentration (mcg/m?®) fields in winter, in the surface and
boundary layers of the atmosphere, when t = 18, 21, and 24 h

Conclusion

Temporal and spatial variation of PM2.5 and PM10 concentrations in the surface and boundary layers
of atmospheric air at main trunk roads of Thilisi city and adjacent territories in 2020 and 2021 is studied
through analysis of routine observations and experimental measurement data. Monthly values of maximum,
minimum and average concentration are determined. It is shown that hourly variation of concentration is
characterized by two maximums in t = 9-10 h and 18-21 h time intervals. It is established that measures related
to Lockdown cause significant reduction of microaerosols concentration in urban air. The pattern of
concentration change along the main automobile roads of the city is determined. It is shown that concentration
values oscillate near the average magnitudes peculiar for the automobile road. Sharp increase of concentration
values is registered in some places that is associated with particular local conditions created at the time of
measurement (traffic jam, repair and construction works etc.).

Kinematics of PM2.5 and PM10 concentration change generated by motor transport at the territory of
Thilisi city under summer and winter conditions, in case of light background south air is explored through
numerical modeling. Diurnal pattern of dust spatial distribution is studied. Concentration values are determined
via modeling, and they are within the limits of values obtained through routine observations. It is established
that a spatial distribution of heavily polluted areas depends on motor transport traffic intensity, trunk roads
location, on one hand, and on dynamic impact of terrain and on local circulation systems formed by diurnal
change of thermal regime at the underlying surface.
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Mukpodyactuuamu PM2.5 u PM10 B nepuoa nanaeMuu
COVID-19

B.I'. KyxamsamBuiau, M.I'. IIunua, H.I'. I'uraypu,
A.A. Cypmaga, JI.H. UHukupsen

Pe3rome

Ha ocHOBe aHanu3a TaHHBIX PEryJISPHBIX HAOIIOICHHUN U SKCIICPUMEHTAIBHBIX u3MepeHuid B 2020-21 rogax
M3y4YeHO HM3MEHEHHE BO BpPEMEHH WM TPOCTpaHCTBe KoHIeHTpanuii PM2.5 m PM10 B mpusemHOM ciioe
aTMOC(EpPHOr0 BO3JyXa HA OCHOBHBIX aBTOMAruCTpaisx T. TOWIMCH W TPUWIETalOmUX TEPPUTOPHSX.
[okazaHo, 4TO MOYACOBOE M3MEHEHHE KOHIIEHTPALMHN XapaKTEPU3yeTCsl IByMs MAKCHMyMaMbl B HHTEpBae
9-10 m 18-21 wyacos. Ilomyyeno, 4uro MepomnpusTus, cBsizaHHble C , Lockdown“-om, mpuBozsar
3HAYUTEIPHOMY CHIDKEHHIO KOHIIEHTPAIlUY MUKPOaspo30JIeii B Bo3ayxe ropoga. [lokazaHo, 4To ypoBHU UX
KOHIICHTPAIMI KOJICOTIOTCS B paiioHe CPEAHNUX 3HAUCHUM, XapAKTEPHBIX [T aBTOMATrUCTPAJICH.

MeTo/IoM YHCIIEHHOTO MOJICJIMPOBaHUs M3y4YeHa CYTOYHAs KapTHHA MPOCTPAHCTBEHHOI'O pacIpe/eNeHHs
MBITM B JIETHUX W 3UMHHX YCJIOBHSX, MPU CIA0BIX IOKHBIX BeTpax. [loyydeHble 3HAYCHUST KOHIICHTpPAIUI
HAXOJATCSl B TIpe/eiax 3HAYCHUH, TONYYEeHHBIX TPU perysipHbIX HaOmroneHusx. OnpeaencHo, 4To
MIPOCTPAHCTBEHHOE pacIipe/ielieHHe CHIILHO 3allbUICHHBIX YYaCTKOB 3aBUCHUT OT WHTEHCHUBHOCTU JIBHKEHHS
ABTOTPAHCIIOPTA, PACTIONOKEHHS aBTOMOOMIIBHBIX JIOPOT, TMHAMUYECKOTO BO3/ICHCTBHUS peibeda U CyTOUHOU
CMEHBI TEPMHUYECKOTO PeKMMa Ha TOACTUIIAIONIEH TOBEPXHOCTH.

KiroueBble cioBa: aTMOC(l)epa, 3arpsi3HCHUC, YUCJIICHHOC MOACIIMPOBAHNC, KOHIICHTPAILIUs, PM.

37



Journal of the Georgian Geophysical Society, e-ISSN: 2667-9973, p-ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 25(2), 2022, pp. 38 - 48

Some Results of a Study of the Relationship Between the Mean
Annual Sum of Atmospheric Precipitation and Re-Activated and
New Landslide Cases in Georgia Taking into Account of Climate

Change

tAvtandil G. Amiranashvili, *Tamaz L. Chelidze,
David T. Svanadze, 2Tamar N. Tsamalashvili, 3Genadi A. Tvauri

M. Nodia Institute of Geophysics of 1. Javakhishvili Thilisi State University, Thilisi, Georgia
avtandilamiranashvili@gmail.com
2A. Janelidze Geological Institute of I. Javakhishvili Thilisi State University, Thilisi, Georgia
3E. Andronikashvili Institute of Physics of I. Javakhishvili Thilisi State University, Thilisi, Georgia

ABSTRACT

Some results of statistical analysis of long-term variations of annual amount of atmospheric precipitation for 21
meteorological stations of Georgia (P) located in areas with landslides, average annual amount of precipitation
for these stations (P.), relationship between the P, and number of re-activated and new cases of landslides (LS),
and the estimated values of LS up to 2045 using predictive data on P, are presented. Data from the Environmental
Agency of Georgia on the P in period 1936 - 2020 and data on LS in period 1996 — 2018 are used.

The forecast of P, using the AAA version of the Exponential Smoothing (ETS) algorithm was carried out.

In particular, the following results are obtained.

The correlations between the annual amounts of P at each of the meteorological stations with averaged data for
all 21 stations P, are established.

In 1981-2020, compared with 1936-1975, no significant variability of the mean P values is observed at 11 stations,
an increase - at 6 stations, and a decrease - at 4 stations. The P, value do not change during the indicated time
periods.

The forecast of the P, value up to 2040 were estimated taking into account the periodicity of precipitation
variability, which is 11 years.

A cross-correlation analysis of the time series of the P, and LS values showed that the best correlation between
the indicated parameters is observed with a five-year advance of precipitation data. With this in mind, a linear
regression equation was obtained between the five-year moving average of the P, and the five-year moving
average of the LS values.

Using this equation and predictive P, data, five-year moving averages of re-activated and new landslides cases
up to 2045 were estimated.

Key words: atmospheric precipitation, landslides, climate change.

Introduction

Landslides are one type of disaster. Landslide processes are widespread almost everywhere and
are dangerous due to damage, often accompanied by human casualties [1,2]. This problem is also very
relevant for Georgia, where the number of landslides included in the cadastre reaches 7000 [3].
Therefore, special attention has always been paid to the study of landslide processes in this area [4—10].
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Landslide phenomena depend on many separate and complex processes, in particular, on
atmospheric precipitation [3,11,12]. At the same time, the time scale of the influence of atmospheric
precipitation on the provocation of landslides has a wide range - from several tens of minutes to several
days, months and years (climatic time scale). Thus, in [13], it was found that in Georgia, with an increase
in the annual amount of atmospheric precipitation, there is a tendency for an increase in the number of
landslides in accordance with the second degree of the polynomial. In another work [14], in particular,
it was found that with an increase in the monthly amount of precipitation, a linear trend of an increase
in the number of landslides is observed.

This work is a continuation of previous studies [13,14]. Below are the results of a study of the
relationship between the average annual precipitation (Pa) for 21 meteorological stations and the number
of re-activated and new landslides (LS) in Georgia, and an assessment of the LS values until 2045 using
predictive data on Pa.

Study Area, Materials and Methods

Study Area — Georgia. Data from the Environmental Agency of Georgia on the annual amount
of atmospheric precipitation for 21 meteorological stations of Georgia located in areas with landslides
(fig. 1) and data on re-activated and new landslides cases (fig. 2) are used. Period of observation: for
atmospheric precipitation from 1936 to 2020, for re-activated and new landslides cases from 1996 to
2018.
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Fig 1. Location of 21 meteorological stations on the landslide risk zones map of Georgia by probability
and damage.

In the proposed work the analysis of data is carried out with the use of the standard statistical
analysis methods.

The following designations will be used below: Mean — average values; Max - maximal values;
Min — minimal values; Range — Max-Min; St Dev - standard deviation; St Err - standard error; Cv —
coefficient of variation = 100-St Dev/Mean, %; Conf. Lev. - confidence level of the mean; Low and Upp
— lower and upper levels of the confidence interval of the mean; R — coefficient of linear correlation; CR
- coefficient of cross correlation; a - the level of significance; P - annual sum of atmospheric precipitation
for separated meteorological station; Pa - mean annual sum of atmospheric precipitation for 21
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meteorological stations; LS - re-activated and new landslides cases. Difference between mean annual
sum of atmospheric precipitation in two periods of time was determined with the use of Student's
criterion. The forecast of P, using the AAA version of the Exponential Smoothing (ETS) algorithm was
carried out [16]. Programs Excel 16 and Mesosaur for calculation were used.
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Fig 2. Changeability of re-activated and new landslides cases in Georgia from 1996 to 2018.
Results and Discussions

Results of statistical analysis of long-term variations of annual amount of atmospheric
precipitation for 21 meteorological stations of Georgia (P) located in areas with landslides, average
annual amount of precipitation for these stations (P.), relationship between the P, and number of re-
activated and new cases of landslides (LS), and the estimated values of LS up to 2045 using predictive
data on P, are presented below in Table 1-3 and Fig. 3-8.

Table 1. Statistical characteristics of LS cases in Georgia in 1996-2018.

Parameter | Mean | Max | Min | Range | StErr | StDev | Cv, % COQE’&Z\/"
LS 437 949 58 891 66 316 72.2 136

Table 1 presents the statistical characteristics of LS cases in Georgia in 1996-2018. On average,
437 cases of LS were recorded per year with a range of changes from 58 to 949 cases. Significant
variations in the amount of LS were observed in the specified time period (Cv = 72.2%, Conf. Lev. =
136).

Table 2 presents the statistical characteristics of the annual sum of atmospheric precipitations
for 21 meteorological stations and the average annual sum precipitation for all these stations in 1936-
2020.

Table 2. Statistical characteristics of annual sum of atmospheric precipitation for 21 meteorological
stations of Georgia from 1936 to 2020, mm.

Conf.
Location Mean Max Min Range St Err St Dev Cv, % Int.,
95.0%
Akhaltsikhe 540 853 319 534 11 100 18.5 215
Ambrolauri 1038 1443 621 822 20 188 18.1 40.4
Bakuriani 854 1315 556 759 14 130 15.2 28.0
Borjomi 659 949 402 547 12 113 17.1 24.3
Chokhatauri 1793 2628 1059 1569 35 319 17.8 68.9
Dedoplistskaro 591 1001 332 669 14 131 22.2 28.3
Gori 517 758 303 456 10 96 18.5 20.7
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Khashuri 621 920 380 540 13 120 194 | 259
Khulo 1346 | 1945 | 678 | 1267 31 290 215 | 625
Kobuleti 2376 | 3456 | 1648 | 1808 40 367 154 | 791
Lagodekhi 1076 | 1842 | 660 | 1182 27 246 228 | 530
Mta-sabueti | 1165 | 1670 | 705 965 24 226 194 | 487
Pasanauri 992 1496 437 1059 20 183 18.5 395
Sachkhere 950 | 1385 | 656 730 18 161 170 | 348
Sagarejo 781 | 1332 | 433 899 18 163 209 | 353
Shovi 1173 | 1816 | 700 | 1116 21 108 169 | 427
Thilisi 513 818 240 578 12 113 21 | 244
Telavi 777 | 1260 | 529 732 15 137 17.7 | 296
Tianeti 773 | 1180 | 299 881 19 179 231 | 386
Zestafoni 1206 | 1806 | 787 | 1019 24 224 173 | 484
Zugdidi 1798 | 2440 | 1158 | 1282 30 275 153 | 593
Average, 21 | 103 | 1313 | 773 540 13 120 | 116 | 259
station

As follows from Table 2, the minimum value of the annual sum precipitation was recorded in
Thilisi (240 mm), the maximum - in Kobuleti (3456 mm). The average values of the annual sum of
atmospheric precipitation for the entire observation period vary from 513 mm (Thilisi) to 2376 mm
(Kobuleti), the coefficient of variation changes from 15.2% (Bakuriani) to 23.1% (Tianeti).

The average annual precipitation for all observation stations is 1030 mm, the range of change is
from 773 mm to 1313 mm, the coefficient of variation is 11.6%.

Fig. 3 presents data on the values of the linear correlation coefficient for the annual sum of
atmospheric precipitation between each of the meteorological stations with average values of the annual
sum of precipitation for all meteorological stations.
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Fig 3. The correlation between the annual amounts of precipitation at each of the meteorological
stations with averaged data for all 21 stations on 1936-2020, 0<0.005.

As follows from Fig. 3, the R value changes from 0.42 (Dedoplistskaro, low correlation) to 0.81
(Khashuri, high correlation). In general, a high correlation (0.7 < R < 0.9) is observed between the
indicated parameters in 38.1% of cases, a moderate correlation (0.5 <R < 0.7) in 47.6% of cases, and a
low correlation (0.3 < R< 0.5) in 14.3% of cases. Thus, in general, the values of the annual sum of
atmospheric precipitation averaged over all meteorological stations are sufficiently representative to
compare them with the variations in the annual number of landslides on the territory of Georgia. Note
that the representativeness of individual stations in terms of the annual sum of atmospheric precipitation
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varies from 19 km (Kobuleti, Mta-Sabueti) to 46 km (Gori) around them and averages is 31 km in
accordance with [17].
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Fig 4. Variability of mean annual sum precipitation for 21 weather stations in 1981-2020 compared
with 1936-1975 in relation to the average value of the sum precipitation in 1936-2020 at these stations,
%, 0<0.2.

Fig. 4 presents data on the change in the average annual precipitation in 1981-2020 compared
to 1936-1975. The difference is normalized to the average annual precipitation in 1936-2020, %.

As follows from Fig. 4 as a result of climate change the variability of the average sum of
precipitation in the second period of time compared to the first one for different measurement points is
different. So, for 6 measurement points there is an increase in precipitation, for 4 points - a decrease, for
11 points - an insignificant change. For those averaged over all stations, the variability of the annual sum
precipitation in the second period of time compared to the first is insignificant. Note that the periodicity
of variability of the average annual precipitation per one meteorological station is 11 years (calculated
using the Mesosaur program).

Let us consider the nature of the relationship between the annual number of re-activated and
new landslides and the annual sum of precipitations. Fig. 5 shows the cross-correlation between values
of P, and the LS cases.
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Fig 5. Cross-correlation between the P, and LS values.
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As follows from this figure, a significant correlation between the studied parameters is observed
in the fifth lag before the landslide phenomena.

Another Fig. 6 shows the cross-correlation between the moving average of the P, values and the
moving average of the LS cases.
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Fig 6. Cross-correlation between the five-year moving average of the P, and five-year moving average
of the LS values.

As follows from Fig. 6, a significant relationship between the studied parameters is observed in
the fourth and fifth lags before the landslides. Comparison fig. 5 and 6 shows that in the second case the
relationship between P, values and LS number is more representative than in the first case. Taking into
account that in the fifth lag before the onset of landslides, the correlation coefficient is higher than in the
fourth lag, a linear regression was built between the five-year moving averages of P, values and the five-
year moving averages of LS number (Fig. 7).

| y=1.3874x - 1039.8
R =0.43; a = 0.075

<)

Five-year moving average of LS count

1020 1070
Five-year movung average of P,, mm/year

Fig 7. Linear correlation and regression between the five-year moving average of the P, (1991-1995,
1992-1996, ..., 2009-2013) and the five-year moving average of the LS (1996-2000, 2001-2005 ,...,
2014-2018) values.
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As follows from Fig. 7, there is a significant direct linear relationship between the values of
these parameters, which can be used to predict five-year moving averages of LS cases from the forecast
values of the average annual sum precipitation per one meteorological station.
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Fig 8. Changeability of average annual amount of precipitation for 21 meteorological stations (P,)

from 1936 to 2020 and its prediction to 2040.

Fig. 8 shows the forecast values of the average annual sum of precipitation per one
meteorological station up to 2040, taking into account the eleven-year periodicity in the time-series of
observation. Fig. 9 shows data on the expected five-year moving average of re-activated and new
landslides cases up to 2041-2045, calculated according to the formula presented in Fig. 7 with using the

data of Fig. 8.
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Fig 9. Interval prediction of five-year moving averages of re-activated and new landslides cases

from 2026 up to 2045.
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Graphs in Fig. 9 represent the center points of the forecast of the number of landslides
(LS_Predict), as well as the lower and upper confidence levels of this forecast (LS_Predict_67%_Low,
LS_Predict_67%_Upp, etc.). Note that all values of LS_Predict_95%_Low = 0.

Table 3 shows the comparative statistical characteristics of predicted (2026-2045) and real
(1996-2018) five-year moving averages of re-activated and new landslides cases.

Table 3. Statistical characteristics of predicted (2026-2045) and real (1996-2018) five-year moving
averages re-activated and new landslides cases in Georgia.

Period 2026-2045 1996-2018
LS_Predict . LS Predict LS _Predict
Parameter 67% _Low_ LS Predict 67% _Upp_ 95% _Upp_ LS Real
Mean 52 296 542 790 381
Max 120 335 600 887 798
Min 0 249 504 723 68
Range 120 87 96 164 730
St Err 9.7 5.7 6.4 11.3 42.1
St Dev 39 23 26 45 184
Cv, % 74.4 7.7 4.7 5.7 48.2
Conf. Lev.,
95.0% 21 12 14 24 89

As follows from this Table, the average LS_Real values fall within the range of values between
LS Predict and LS_Predict 67%_ Upp (296<381<542). The maximum values of LS Real fall within
the range of values between LS Predict 67% Upp and LS Predict 95% Upp (600<798<887). The
minimum values of LS _Real fall within the range of values between LS Predict and LS_Predict 67%
Low (0<68<249). Thus, in general, in the next two decades, one should not expect a significant
intensification of landslide processes in Georgia due to the expected variability of the annual sum of
atmospheric precipitation. However, in certain regions of Georgia, where a significant increase in
precipitation is observed (for example, in the vicinity of Khulo, Fig. 4), a significant activation of
landslide phenomena is quite possible.

Conclusion

In the near future, we plan to continue similar studies both for the territory of Georgia as a whole
and for its individual landslide-prone regions.

Note

This work was presented as a report at the International Eurasia Climate Change Congress “EURACLI
—2022”, 29 September 2022 - 01 October 2022, Van,Turkey. http://webportal.yyu.edu.tr/euracli
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HexoTopsble pe3yjabTaThbl HCCJAEA0BAHUSA CBA3ZH MEXKIY
CpeIHeroa0BoM CyMMOi aTMOC(EePHBIX 0CAIKOB U KOJIUYECTBOM
pe-aKTUBMPOBAHHBIX M HOBBIX CJy4yaeB OmnoJi3Hed B I'py3uu ¢
Y4€TOM M3MEHEHUS KIMMAaTa

AvupanamBuian A.I'., Yeaunze T.JI., Cananze J1.T.,
Hamanamsuian T.H., Teaypu I' A.

Pe3rome

[IpuBoasTCS pe3yabTaThl UCCIEAOBAHUS CBSI3H MEXIy cpeaHel At 21 MeTeopoIoTHYecKUX CTaHIHA
TOZI0BOM CyMMOH aTMocdepHbIX ocaakoB (P) W KOIHYECTBOM pe-aKTHBUPOBAHHBIX M HOBBIX CITyYacB
omoisHei (LS) B ['py3un, a Takxke mpoBeeHa orieHka 3HadeHnit LS 1o 2045 roga mo mporHocTHYeCKIM
naHHBIM 0 P. B paboTe mucmnonp30BaHbI JaHHBIE areHTCTBA 10 OKpYyXkaromei cpene ['py3un o romoBoit
cymMme aTMocGepHbIX Ui 21 METeopoIOrHueCKIX CTaHIIMN, PACTIONIOKEHHBIX B 30HAaX C OIMOJI3HAMHU, B
neprox ¢ 1936 mo 2020 rr., a takxke ganabie o LS B mepuon ¢ 1996 mo 2018 rr. AHanm3 maHHBIX
MIPOBOAMJICS. C HCIIOJIb30BAaHUEM CTaHIAPTHBIX METOJIOB MaTeMaTH4ecKol craTucTuku. I[IporHos
OyAylMX W3MEHEHHS TOJOBOH CYMMBI OCaJKOB C YYETOM MEPUOJUYHOCTH OCYIIECTBISUICS C
ucnonb3oBanueM AAA version of the Exponential Smoothing (ETS) algorithm.

B yacTHOCTH, IOSTy4YeHBI CIIEAYIOUINE PE3YIbTATHI.

B 1981-2020 o cpaBHenuto ¢ 1936-1975 na 11 crannusx He HaOIHOAACTCA 3HAYMMON U3MEHUYUBOCTH
CpeAHuX 3HaueHWH P, Ha 6 cTaHUMsAX HaOIIOJAETCS POCT CYMMBI OCaJKOB U Ha 4 — yMEHbBILICHHE.
CpenHue 1Mo BceM CTaHUMSAM 3HadeHHs P B yKa3aHHblE II€pHOAbI BPEMEHHM H3MEHEHUH He
IPETEePIEeBAIOT.

[IpoBeneHa oleHKa MPOTHOCTHYECKUX 3HAYEHUH CPEIHEro 10 BCEM CTaHIMAM 3HaudeHus P g0 2045
rojia ¢ y4eTOM MEPUOANIHOCTH H3MEHIMBOCTH OCAIKOB, cocTaBsitomeit 11 ser.
Kpocc-koppenaunoHHbIii aHamu3 BPEMEHHBIX PSAAOB CPEIHEro Mo BCEM CTaHIMAM BeduduH P u
3HavYeHuil LS mokasai, 4To Hawilydlias KOPPEJSIUOHHAS CBSI3b MEXIY YKa3aHHBIMH MapaMeTpamMu
HaOJIIOJIaCTCS MPH MATHWICTHEM YIPEXKACHUM JaHHBIX 00 ocaakax. C y4eToM 3TOro IOJIyueHO
YpaBHEHHE JIMHEHHON perpeccuy MeXIy ISITHIETHEeHW CKONB3AMIeH cpemHer cyMMoil arMochepHBIX
OCaZIKOB M MATHJICTHEH CKOJNB3SIIEH CpeiHell 3HaueHWH pe-aKTUBHPOBAHHBIX M HOBBIX CIIy4aeB
OTIOJI3HEM.

C uCnosb30BaHUEM 3TOTO YPAaBHEHHUS U IaHHBIX O MPOTHOCTHYECKUX 3HaYEHUAX P mpoBeseHa oleHKa
MATHIETHUX CKOJB3SINUX CpeaHuX 3HaueHui LS no 2045 rona.

KiaroueBble cj10oBa: aTMOC(i)epHI)Ie OCaaKH, OIIOJI3HHU, UBMCHCHHUEC KJIMMarTa.
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ABSTRACT

Results of a statistical analysis of monthly average of the values of air effective temperature on Missenard (ET) in Batumi
from 1956 to 2015 are presented. The intra-annual distribution of ET values in three time periods was studied: 1956-
1985, 1956-2015, 1986-2015; their repetition of occurrence by ET categories in the specified time periods was obtained,
etc. The influence of climate change on ET values was revealed.

In particular, it is shown that in 1986-2015, compared with 1956-19835, the repetition of ET values for the category “Very
cold” decreased from 1.7% to 1.1%, “Cold” - decreased from 23.9% to 22.8%, “Cool” - increased from 35.0% to 35.8%,
" Comfortable " - decreased from 22.2% to 17.8%, " Warm " - increased from 12.5% to 13.9%, “Hot" - increased from
4.7% to 8.6%.

The results of the study can find practical application for planning the development of the resort and tourism industry in
Adjara, taking into account climate change.

Key Words: Bioclimatic index, thermal comfort, bioclimatic stress, meteorological parameters.

Introduction

To determine the degree of comfort or discomfort of the human environment for his health, various
simple and complex thermal indices are often used.

Simple thermal indices include more than one meteorological parameter and take into account the
combined effects on the human body of air temperature, humidity, wind speed, etc. Complex thermal indices
are based on models of the energy budget and heat balance of the human body [1-14].

There are about 200 thermal indexes of varying complexity. Each index has its own numerical scale
with the corresponding verbal description of the heat sensation of the human body, understandable to a wide
range of the population (for example, “cold”, “comfortable”, “warm”, etc.) [1-4].

The impact on the human body of the above factors can manifest itself both instantly and within hours,
days, weeks, months and a longer period of time [1,5,7,15-21].

For the bioclimatic zoning of the area in order to establish its resort and tourist potential, the average
monthly values of these indices are often used. One of the most popular indices is the Missenard air effective
temperature (ET). This is a simple thermal indicator and is a combination of temperature, relative humidity
and wind speed [22,23]. ET studies for different regions of Georgia are presented in [21,24,]. In particular, in
[21] values of 8 simple thermal indices were calculated with the use of mean monthly and mean monthly for
13 hour 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 possibility
of using the standard scales and categories of the indicated indices as the bioclimatic indicator in monthly time
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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. Most
representative for this purpose is Missenard air effective temperature in 13 hours.

This work is a continuation of previous research and presents the results of a statistical analysis of
monthly average values of ET in Batumi from 1956 to 2015. The intra-annual distribution of ET values in
three time periods was studied: 1956-1985, 1956-2015, 1986-2015; their repetition of occurrence by ET
categories in the specified time periods was obtained, etc. The influence of climate change on ET values was
revealed.

Material and methods

Data of agency on the environment of Georgia about the monthly mean max values of air temperature
- T (°C), monthly mean min values air relative humidity — RH (%), and monthly mean wind speed - V (m/sec)
for Batumi during the 1956-2015 were used in the work.

The analysis of data with the aid of the standard methods of mathematical statistics was conducted.
All 720 cases were analyzed (months). The difference between the two means was determined using Student's
t-test with a significance level 0. <0.2.

Information about formula for calculating the air effective temperature according to Missenard (ET),
its scale and category in Table 1 is presented. °C in this Table is so-called perceptible temperature.

Table 1. Formula for calculating the air effective temperature according to Missenard, its scale and category.

Air Effective Temperature on Missenard [22,23]:

ET = 37-(37-T)/(0.68-0.0014-RH+1/(1.76+1.4-V°75)) -0.29-T- (1-0.01-RH), °C

<1 Very cold (dsemosb 303s)
1-9 Cold (gog9)
9-17 Cool (3®os)
17-21 Comfortable (3m3gm®Eo)
21-23 Warm (odogms)
23-27 Hot (gbgams)

>27 Very Hot (dsewosb gbgams)

Results and discussion

Results in Table 2-4 and Fig. 1-10 are presented.

In Fig. 1-3 data about changeability of mean annual values of meteorological components of air
effective temperature on Missenard in Batumi in 1956-2015 are presented. As follows from these figures,
trends of all three mean annual components of ET have the form of the third power polynomial.

The range of changes in the mean annual real values of these components is as follows: T - from 16.8
to 21.5 °C, mean value — 18.7 °C; RH - from 64.4 to 72.8%, mean value — 69.3%; V - from 0.8 to 2.8 m/sec,
mean value — 1.8 m/sec. The range of changes in the mean annual of trends component of these meteorological
parameters is as follows: T - from 18.3 to 20.4 °C, mean value — 18.7 °C; RH - from 68.0 to 71.8%, mean
value — 69.3%; V -from 1.0 to 2.7 m/sec, mean value — 1.8 m/sec.
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Fig.1. Trend of mean max annual values of air temperature in Batumi in 1956-2015.
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Fig. 2. Trend of mean min annual values of air relative humidity in Batumi in 1956-2015.
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Trend of mean annual values of wind speed in Batumi in 1956-2015.

Data analysis also showed that the range of changes of the mean monthly values of the indicated
meteorological parameters in 1956-2015 is as follows: T - from 4.8 to 30.5 °C, RH - from 48.4 t0 82.1 %, V -

from 0.0 to 3.6 m/sec.

In Table 2 and 3 data about difference between mean monthly, in cold, warm periods and annual values
of meteorological parameters in Batumi in 1986-2015 and 1956-1985.

51



Table 2. Difference between mean monthly, in cold period and annual values of meteorological parameters
in Batumi in 1986-2015 and 1956-1985 (AT, ARH and AV).

Variable Jan Feb Mar Oct Nov Dec Cold Year
AT -0.4 -0.1 0.1 0.5 -0.6 -0.5 -0.2 0.1
a(AT) no sign no sign no sign 0.2 0.2 no sign no sign no sign
ARH 2.3 -0.7 -2.2 -0.7 -1.4 1.2 -0.2 -1.0
a(ARH) 0.1 no sign 0.12 no sign no sign no sign no sign 0.01
AV -0.5 -0.6 -0.2 -0.3 -0.3 -0.4 -0.4 -0.3
a(AV) <0.01 <0.01 0.05 <0.01 <0.01 <0.01 <0.01 <0.01

Table 3. Difference between mean monthly and in warm period values of meteorological parameters in

Batumi in 1986-2015 and 1956-1985 (AT, ARH and AV).

Variable Apr May Jun Jul Aug Sep Warm
AT 0.0 -0.2 0.3 0.8 1.1 0.7 0.4

a(AT) no sign no sign no sign <0.01 <0.01 0.05 <0.01
ARH -1.4 -1.5 0.0 -1.9 -2.4 -2.8 -1.7

a(ARH) 0.2 0.12 no sign 0.04 <0.01 <0.01 <0.01
AV -0.3 -0.3 -0.2 -0.2 -0.1 -0.1 -0.2
a(AV) <0.01 0.03 0.05 0.06 0.15 0.20 0.04

As follows from these tables, the variability of the meteorological parameters, determining the value
of ET, in 1986-2015 compared to 1956-1985 is as follows.

AT - growth in October, from July to September and in the warm half of the year; decrease - only in

November.

ARH - decrease in March, April, May from July to September, in the warm half of the year and in general
for the year; growth in January only.
AV - decrease in all months and seasons of the year.

—@—AT/T —8—ARH/RH —4&—AV/V

5.0
-5.0
-10.0
X
-15.0
-20.0
-25.0
-30.0
Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec Year Cold Warm
—O— AT/T 33 -12 09 00 -11 11 3.0 4.3 2.8 25 -38 -39 07 -12 19
—8®—ARH/RH 35 -10 -32 -21 -21 00 -25 -32 -38 -10 -20 19 -14 -04 -23
—&— AV/IV -23.6 -29.1 -12.7 -16.1 -152 -116 -116 -86 -64 -21.8 -204 -253 -17.1 -22.2 -11.7

Fig. 4. Intra-annual distribution relative differences of mean monthly values of T, RH and V in Batumi in
1956-1985 and 1986-2015. AT/T=100-[T(2015-1986)-T(1956-1985)]/T(1956-2015), % etc.
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In fig. 4, for clarity, data on the relative difference of the indicated meteorological parameters in
different months and seasons of the year are presented. As follows from this figure, the variability of AV/V
(decreasing) is much more significant than AT/T and ARH/RH changeability.

Results of analysis of data on ET values (Fig. 5) and its variability (Fig. 6-9, Table 4) in Batumi in
1956-2015 are presented below.

1956-2015 B— Min == Max

5.0

0.0

-5.0

-10.0
Jan
1956-2015| 6.0
B Min -1.9

== \ax 14.3

Fig. 5. Intra-annual distribution of Min, Max and mean monthly values of ET in Batumi in 1956-2015.

As follows from Fig. 5 monthly values of ET vary from -4.5 °C (February, category “Very cold”) to
26.7 °C (August, category “Hot”). The mean monthly values of ET from 1956 to 2015 vary from 6.0 °C
(January, category “Cold”) to 23.0 °C (August, category "Hot”).

18.0
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Fig. 7. Trend of mean annual values of air effective temperature on Missenard in Batumi in 1956-2015.

Trend of mean annual values of air effective temperature on Missenard in Batumi in 1956-2015as T,
RH and V, have the form of the third power polynomial (Fig. 7). The range of changes in the mean annual
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real values of ET is 11.7 °C (category “Cool”) + 17.5 °C (category “Comfortable”); the range of changes in
the mean annual of trends component of ET is 12.7 °C (category “Cool”) + 17.5 °C (category “Comfortable™).

Data on intra-annual distribution of mean monthly and seasonal values of ET in Batumi in 1956-1985
and 1986-2015 in Fig. 7 are presented. In Fig. 8 difference between mean monthly and seasonal values of ET
in Batumi in 1986-2015 and 1956-1985 are presented.

25.0

20.0

°C

15.0

10.0

5.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm
—o—1956-1985 5.6 5.7 7.9 123 161 198 219 224 199 161 123 8.5 14.1 9.4 18.7
—8—1986-2015 6.3 6.8 8.5 127 162 203 228 236 206 172 123 8.9 147 100 194

Fig. 7. Intra-annual distribution of mean monthly and seasonal values of ET in Batumi in 1956-1985 and
1986-2015.
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm

Fig. 8. Difference between mean monthly and seasonal values of ET in Batumi in 1986-2015 and 1956-1985
(0.0 — insignificant difference).

As follows from Fig. 7 and 8 in general, in 1986-2015, compared with 1956-1986, there was an
increase of ET values for all months and seasons of the year. At the same time, a significant increase of ET
values was noted in February, from June to October, in the cold and warm half-years, and in the whole year.

In Fig. 9 data about repetition of monthly values of ET in Batumi in 1986-2015 and 1956-1985 on its
categories are presented.
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Fig. 9. Repetition of monthly values of ET in Batumi in 1986-2015 and 1956-1985.

As follows from Fig. 9 in 1986-2015, compared with 1956-1985, repetition of ET values for the
category “Very cold” decreased from 1.7% to 1.1%, “Cold” - decreased from 23.9% to 22.8%, “Cool” -
increased from 35.0% to 35.8%, "Comfortable" - decreased from 22.2% to 17.8% (reduction by 1.25 times),
"Warm" - increased from 12.5% to 13.9%, “Hot" - increased from 4.7% to 8.6%. For categories "Warm" +
“Hot" repetition of ET values increase from 17.2% mo 22.5 % (growth by 1.3 times). Thus, the increase of
repetition of ET values for the "Warm" + “Hot" categories mainly occurred due to a decrease of repetition of
ET values for the "Comfortable™" category. In accordance with Fig. 2 of [21], such a shift in the repetition of
ET values towards warming should be favorable for human health (in terms of cardiovascular diseases).
However, this statement requires further research, since the work [21] was carried out for Thilisi conditions

Finally, Table 4 provides information on categories of mean monthly and seasonal values of ET in
Batumi in 1986-2015 and 1956-1985.

Table 4. Category of mean monthly and seasonal values of ET in Batumi in 1986-2015 and 1956-1985.

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

1956-
1985 Cold Cold Cold Cool Cool Comf.WarmWarmComf. Cool Cool Cold Cool Cool Comf.

1986-
2015 Cold Cold Cold Cool Cool Comf.Warm Hot Comf.Comf. Cool Cold Cool Cool Comf.

As follows from this Table, in the second period of time, compared with the first, the change in the
categories of ET values occurred only in August (“Warm” — “Hot”) and October (“Cool” — "Comfortable™).

Conclusion

In the future, we will continue such studies. Particular attention will be paid to predicting the variability of
various bioclimatic indicators for several decades to come. The results of these studies can find practical
application for planning the development of the resort and tourism industry both in Adjara and in other regions
of Georgia, taking into account climate change.
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Note

This work was presented as a report at the International Scientific Conference Black Sea Region at the
Crossroads of Civilizations “BSRCC”, 5-6 July, 2022, Batumi, Georgia.
https://bsu.edu.ge/main/page/16543/index.html
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N3MeHYMBOCTH CpeIHEMEeCHIYHbIX 3HAYeHU 3P PeKTUBHOU
TeMieparypsl Bo3ayxa no Muccenapay B barymu B 1956-2015 rr.

A.I'. AmupanamBuian, H.J[. kanapuase, JI.I'. KaprBeaumsnin,
K.P. Xazapanze, A. A. PepumiBuiiu

Pe3rome

[IpencraBieHsl  pe3ynbTaThl CTaTUCTUYECKOTO AaHAIM3a CPEIHEMECSYHbIX 3HadeHUH 3¢QPeKTHUBHOU
TeMriepatypsl Bo3ayxa mo Muccenapay (ET) B barymu ¢ 1956 mo 2015 rr. M3ydeHo BHYTpUTOIOBOE
pacnpenenenue 3HadeHuii ET B Tpu mepuoga Bpemenu: 1956-1985, 1956-2015, 1986-2015 rr.; momrydeHa ux
MOBTOPsieMOCTh 1o KaTeropusiM ET B ykazaHHbIE meproibl BpeMEHH U JIp. BhIABICHO BIUSHHE M3MEHEHUS
KJIMMara Ha 3HaueHus ET.

B wactHOCTH, TOKa3aHo, uyTo B 1986-2015 rT. BO cpaBHeHuto ¢ 1956-1985 rr. moBropsiemocTs 3HaueHuit ET
st kKareropun “ Very cold” ymensimiacsk ¢ 1.7% no 1.1%, “Cold” - ymensmunacsk ¢ 23.9% 1o 22.8%, “Cool”
- yBesmmumItack ¢ 35.0% no 35.8%,, “Comfortable” - ymensmnacs ¢ 22.2 % no 17.8%, “Warm” - ysenuuunach
¢ 12.5% no 13.9%, “Hot” - yBenmuninace ¢ 4.7% 1o 8.6%.

PesynpTathl Hcciieq0BaHUA MOTYT HAITH MPAaKTUYECKOE TPUMEHEHHUE /TS TNIAHUPOBAHMS Pa3BUTHSI KYpOPTHO-

TprICTPI‘ICCKOﬁ UHAYCTPUU B A,Z[)KapI/II/I C Y4€TOM M3MCHCHUA KiIMMAaTa.

KiaoueBble clioBa: OHOKIUMATHYECKUN HHACKC, TEIJIOBOH KOM(l)OpT, OHOKIUMATHYECKUI CTpEeCC,
MCTCOPOJJIOTUICCKHUE ITapaMCTPhI.

58



Journal of the Georgian Geophysical Society, e-ISSN: 2667-9973, p-ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 25(2), 2022, pp. 59 - 68

Preliminary Results of a Study on the Impact of Some Simple Thermal
Indices on the Spread of COVID-19 in Thilisi

tAvtandil G. Amiranashvili, >®Nino D. Japaridze, “Liana G. Kartvelishvili,
35Ketevan R. Khazaradze, °Aza A. Revishvili

IM. Nodia Institute of Geophysics of lv. Javakhishvili Thilisi State University, 1 M Alexsidze Str 0160, Thilisi, Georgia,
avtandilamiranashvili@gmail.com
2Thilisi State Medical University, Tbilisi, Georgia
3Ministry of Internally Displaced Persons from Occupied Territories, Labour, Health and Social Affair of Georgia,
Thilisi, Georgia
“National Environmental Agency of Georgia
SGeorgian State Teaching University of Physical Education and Sport, Thilisi, Georgia

ABSTRACT

The results of a study of the influence of diurnal values of separate components of simple thermal indices (temperature
and air relative humidity, wind speed) on the infection positivity rate with coronavirus COVID-19 (IR) of the population
of Thilisi from September 1, 2020 to May 31, 2021 are presented. It was found that IR values are inversely correlated
with air temperature and wind speed, and positively correlated with air relative humidity.

The effect of four different thermal indices (air effective temperature and Wet-Bulb-Globe-Temperature) on the IR values
averaged over the scale ranges of their categories was studied. It has been found that an increase of the air effective
temperature leads to a decrease of the IR values. In the latter case, the level of significance of the relationship between
thermal indices and IR values is much higher than in the case of the relationship between IR and separate components of
these indices.

Key Words: Bioclimatic index, air effective temperature, meteorological parameters, COVID-19, infection positive rate.

Introduction

Three years have passed since the outbreak of the new coronavirus (COVID-19) in China, which was
recognized on March 11, 2020 as a pandemic due to its rapid spread in the World [1]. During this period of
time, despite the measures taken (including vaccination), several strains of this virus appeared (the last one is
omicron). The overall level of morbidity and mortality is currently decreasing significantly, although in many
countries of the world it remains quite high.

For example, according data to the National Center for Disease Control and Public Health of Georgia
[http://data.ncdc.ge/?LanglD=en] from February 27, 2020 to September 30, 2022 in Georgia 1785137 new
cases of COVID-19 infection were registered; died - 16912 people. Due to the sharp decline in coronavirus
infection in Georgia after September 30, 2022, official statistics on COVID-19 are not published.

Scientists and specialists from various disciplines from all over the world, together with
epidemiologists and doctors, have joined in intensive research on this unprecedented phenomenon (including
in Georgia [2-11]), providing all possible assistance to them. In particular, in our work [9], it was noted works
on statistical analysis, forecasting, forecasting systematization, spatial-temporary modelling of the spread of
the new coronavirus etc. was actively continuing in 2021. Similar work is also continued in 2022 [10-13].
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In our latest work [14] results of a statistical analysis of daily, total by days of the week and monthly
data on officially reported deaths cases from the new coronavirus COVID-19 in the countries of the South
Caucasus (Armenia, Azerbaijan, Georgia) from March 12, 2020 to May 31, 2022 are presented.

A significant number of papers are devoted to studies of the influence of various meteorological factors
on the COVID-19 pandemic [15-21].

In particular, in study [20], the influence of several meteorological factors in the transmission of
COVID-19 cases in six cities in Saudi Arabia was investigated using the Spearman and Kendall rank tests. For
this purpose, the reported COVID-19 data from these cities in Saudi Arabia for the period between 26 March
2020 to 10 August 2021 was used along with such meteorological factors, as the average, maximum, and
minimum values of air temperatures, air pressure, wind speed, relative humidity, dew point temperatures, and
the average values of absolute humidity. The results for all the cities revealed that air temperature (average,
minimum, and maximum) are positively associated with the daily number of COVID-19 cases reported in
these cities. However, relative humidity and atmospheric pressure (averages, minimum, and maximum) are
anticorrelated with the number of daily COVID-19 cases. For the rest of the variables, the correlation, strength,
and significance with regard to the COVID-19 cases were different from one city to another. The findings
presented in this paper are in total agreement with some of the previously established studies and are in
contradiction either partially or entirely with others conducted at several locations around the world. The
obtained results showed that the meteorological variables, significantly, affect the spread of COVID-109.

In [21] results of modelled the impact of selected meteorological factors on the daily number of new
cases of the coronavirus disease 2019 (COVID-19) at the Hospital District of Helsinki and Uusimaa in southern
Finland from August 2020 until May 2021 are resented. Authors applied a DLNM (distributed lag non-linear
model) with and without various environmental and non-environmental confounding factors. The relationship
between the daily mean temperature or absolute humidity and COVID-19 morbidity shows a non-linear
dependency, with increased incidence of COVID-19 at low temperatures between 0 to —10 °C or at low
absolute humidity (AH) values below 6 g/m3. It is noted that, the outcomes need to be interpreted with caution,
because the associations found may be valid only for the study period in 2020-2021. Longer study periods are
needed to investigate whether severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has a seasonal
pattern similar such as influenza and other viral respiratory infections. The influence of other non-
environmental factors such as various mitigation measures are important to consider in future studies.
Knowledge about associations between meteorological factors and COVID-19 can be useful information for
policy makers and the education and health sector to predict and prepare for epidemic waves in the coming
winters.

We are also involved in similar studies. Preliminary results of the study of influence of some simple
thermal indices on the positive rate of infection of the population of Thilisi city with the COVID-19 virus from
September 1, 2020 to May 31, 2021 to are presented below.

Material and methods

Data of agency on the environment of Georgia about the daily mean and max values of air temperature
- T (°C), air relative humidity — RH (%), and daily mean wind speed - V (m/sec) for Thilisi during September
1, 2020 to May 31, 2021 were used in the work. For the same days, data of National Center for Disease Control
and Public Health of Georgia about infection positivity rate with coronavirus COVID-19 (IR) of the population
of Thilisi were used (IR = Confirmed Coronavirus Cases/Test Number, %).

The paper compares the daily values of the indicated meteorological elements with the IR values, as
well as compares four thermal indices (effective air temperature and Wet-Bulb-Globe-Temperature) with the
IR values averaged over the scale ranges of their categories. (Table 1, [26]). To calculate thermal indices, data
on max daily air temperature, min values of relative air humidity, and average wind speed were used.
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Table 1. Four simple thermal indices formula, scales and category.

Effective Temperature [29,30]:
ET =37-(37-T)/(0.68-0.0014-RH+1/(1.76+1.4-\V°™
)) -0.29-T- (1-0.01-RH), °C

Equivalent-Effective Temperature [27,28]:
EET = 125-Lg(1+0.02-T+0.0001-(T-8)-(RH-60)-
0.0045-(33-T) - V99), °C

<1 Sharply coldly <1 Very cold
1-8 Coldly 1-9 Cold
9-16 Moderately coldly 9-17 Cool
17-22 Comfortably 17-21 Comfortable
23-27 Warmly 21-23 Warm
>27 Hotly 23-27 Hot
>27 Very Hot
Effective Temperature [31-33]: Wet-Bulb-Globe-Temperature [34]:
TE =T-0.4- (T-10)-(1-RH/100), °C WBGT = 0.567-T+0.393-e+3.94, °C
<16.1 Cool <18 Comfortable
16.1-20 Comfortable 18+24 Warm
20.1-24 Slightly humid 24+28 Hot
> 24 Humid 28+30 Very hot
>30 Extreme hot

T — air temperature, °C; RH — air relative humidity, %; V - wind speed, m/sec;
°C in this Table is so-called perceptible temperature.

T meam T max. RH mean RH min \Y4
R -0.33 -0.38 0.50 0.44 -0.25
METEOROLOGICAL PARAMETERS

Results and discussion

Results in Fig. 1-9 are presented.

0.50
0.40
0.30
0.20
0.10
0.00
-0.10
-0.20
-0.30
-0.40

COEFFICIENT OF
CORRELATION, R

Fig. 1. Linear correlation between daily values of COVID-19 Infection Rate and meteorological parameters
in Thilisi from September 1, 2020 to May 31, 2021 (a<0.005).

In Fig. 1 data about coefficient of linear correlation R between daily values of COVID-19 Infection
Rate and meteorological parameters in Thilisi from September 1, 2020 May 31, 2021 are presented.
As follows from Fig. 1, value of coefficient of correlation T mean, T max and V with IR is negative
(-0.33, -0.38 and -0.25 respectively). Value of coefficient of correlation RH mean and RH min with IR is
positive (0.50 and 0.44 respectively).
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Fig. 2. Connection of COVID-19 Infection Rate with Air Equivalent-Effective Temperature (EET).

Connection of COVID-19 Infection Rate with Air Equivalent-Effective Temperature has the form of
a third power polynomial (Fig. 2). As the EET values increase, the IR values decrease non-linearly.

10.0 9.7 9.7
8.0 7.0
6.2
X 6.0
I}
T 40
=
g 20 1.2
Y
c
= o O
Sharply Coldly Moderately Comfortably ~ Warmly
coldly coldly
EET Category

Fig. 3. Values of COVID-19 Infection Rate under different categories of Air Equivalent-Effective
Temperature (EET).

As follows from Fig. 3 values of COVID-19 Infection Rate under different categories of Air

Equivalent-Effective Temperature (EET) decreases from 9.7% (“Sharply coldly”, “Coldly”) to 1.5%
(“Warmly™).
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Fig. 4. Connection of COVID-19 Infection Rate with Missenard Air Effective Temperature (ET).

As in the previous case connection of COVID-19 Infection Rate with Missenard Air Effective
Temperature has the form of a third power polynomial (Fig. 4).
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Fig. 5. Values of COVID-19 Infection Rate under different categories of Missenard Air Effective
Temperature (ET).

As seen from Fig. 5 values of IR under different categories of Air Effective Temperature (ET)
decreases from 10.3% (“Very cold”) to 1.5% (“Hot”).
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Fig. 6. Connection of COVID-19 Infection Rate with Air Effective Temperature (TE).

Connection of COVID-19 Infection Rate with Air Effective Temperature (TE) also has the form of a

third power polynomial (Fig. 6). In this case, the decrease of IR values with increasing TE occurs
monotonically.
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Fig. 7. Values of COVID-19 Infection Rate under different categories of Air Effective Temperature (TE).

Fig. 7 shows that values of IR under different categories TE decrease from 9.7 (“Cool”) to 1.6
(“Humid”)
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Fig. 8. Connection of COVID-19 Infection Rate with Wet-Bulb-Globe-Temperature (WBGT).

Connection of COVID-19 Infection Rate with Wet-Bulb-Globe-Temperature (WBGT) has the form

of a two power polynomial (Fig. 8). As in the previous case the decrease of IR values with increasing WBGT
occurs monotonically.
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Fig. 9. Values of COVID-19 Infection Rate under different categories of Wet-Bulb-Globe-Temperature
(WBGT).

Fig. 9 shows that values of IR under different categories WBGT decrease from 9.5 (“Comfortably”)
to 0.8 (“Very hotly”)

As follows from Fig. 2, 4, 6 and 8 the most significant relationship is noted between IR and TE, IR
and WBGT (coefficient of determination R2 = 1, decrease of IR values with increasing of both thermal indexes
occurs monotonically).

Thus it has been found that an increase of the air effective temperature leads to a decrease of the IR
values. In the latter case, the level of significance of the relationship between thermal indices and IR values is
much higher than in the case of the relationship between IR and separate components of these indices (Fig. 1,
2,4, 6, 8). The reason for this may be that often with a small number of tests, overestimated IR values obtained
(testing is carried out only for visitors with coronavirus symptoms). When data are averaged over the values

of the categories of thermal indices, these shortcomings are smoothed out. Accordingly, the above results are
obtained.
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Conclusion

The spread of COVID-19 in Thilisi, as well as in other locations of the world, significantly depends
on both individual meteorological factors and their complexes (thermal indices). As many researchers note,
this dependence is often due to local climatic and other specific conditions, the type of virus, etc. In the future,
we will continue these studies both for Thilisi and other regions of Georgia using more extensive material.
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IIpenBapurejibHbIC Pe3yJIbTATHI HCCJIETOBAHUA BJIUAHUA HEKOTOPBIX
NMPOCTBIX TEPMAJbHBIX HHIEKCOB HAa pacnpocTtpaHenue COVID-19 B
Touaucu

A.I'. AmupanamBuiau, H.JI. T:xkanapunse, JI.I'. KaprBeaumsuiu,
K.P. Xazapaaze, A. A. PepumiBuiiu

Pe3rome

[IpencraBiensl pe3yabTaThl HCCIEAOBAHHUS BIMSAHUS CYTOYHBIX 3HAUYCHHH OTAENBHBIX COCTABIIOMINX
HPOCTHIX TEPMUYECKUX UHACKCOB (TeMIIepaTypa U OTHOCHTEIILHOW BIQKHOCTh BO3IyXa, CKOPOCTh BETpa) Ha
MOKa3aTesb MOJIOKHUTEIbHOCTH nHpuIpoBanus koponasupycom COVID-19 (IR) nacenenus r. Tounucu ¢ 1
centsiopst 2020 1. mo 31 mas 2021 r. [TonydeHo, yro 3HaueHust IR HaxomsaTCS B 00paTHON KOPPEISAIIMOHHOM
CBSI3H C TEMIIEPaTypod BO3[AyXa U CKOPOCTBIO BETpa, M MOJIOKHTEIBHOW — C OTHOCHTENBHOH BJIQKHOCTBIO
BO3/TyXa.

W3yueHo BIMSHUE YETBIPEX PA3NHYHBIX TEPMUYECKUX HHICKCOB (dddexTnBHass Temmeparypa Bo3nyxa u Wet-
Bulb-Globe-Temperature) na 3nauenus IR, ocpeHeHHBIX MO AMAaNa30HaM IIKal uX kareropui. [lomydeHo, 4To
pocT 3¢ddexTrBHOI TemmepaTypsl Bo3Ayxa NMPUBOIUT K yMeHbIIeHWIO 3HadeHnd IR. B mocmemnem ciydae
YPOBEHb 3HAUMMOCTH CBSI3M TEPMHUYECKUX WHIEKCOB CO 3Ha4eHUsIMH IR ropasno BbllIe, 4eM B Cirydae CBSI3H
IR ¢ oTAEIbHBIMU COCTABIIAIOIIUMHI DTHX HHIEKCOB.

KioueBbie cjoBa: OMOKIMMATHUECKMM HHIEKC, >((EKTHBHAS TEMIIEpaTypa BO3AyXa, METEOPOJOTHYCCKHE
napametrpbl, COVID-19, nokazatenb MONI0XUTEITBHOCTH.
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ABSTRACT

The globalization of the business environment means that companies are moving to different parts of the world to serve
different markets. Therefore, it was necessary to develop performance management (PM) functions that facilitate the
development of processes and activities that, in turn, meet the goals and objectives of the organization. The study is
devoted to the analysis of the prospects for PM in the modern business environment and the complexity of its
implementation. At the same time, the commercialization of scientific achievements, in particular, geophysical research,
support for economic activity and innovation in management has become of great importance. This article provides
solutions to these problems.

Key words: Business, management, geophysical data.

Introduction

PM has engulfed most activities of the organizations in the modern days like in the case of the
management of the suppliers, customers, employees etc. However, on a general rendition the discipline has
been linked closely with the human resource management (HRM) that looks into the management of the
employees (Aguinis, 2009).

Performance management and its complexity

The major perspective of the subject has been to improve the performances of the organization and
the management of the same. This has led to the growth of the discipline of PM from a narrow objective of
performance measurement to a broader notion of performance development (Amaratunga and Baldry, 2002).
The employees are integral for the better performance of the organizations — especially with and the growth of
the service-related industries.

The stakeholder theory also suggests that the employees have been integral to the success of the
organizations in the modern days. They are primary stakeholders in the organization and it has been important
for the management to take care of their needs (Harrison and Wicks, 2013). Thus, catering to the needs
employees has been integral for the companies in the present environment in order to develop the performance
of the organizations. The PM functions will thus look into the development of a proper environment for the
growth of the employees which in turn can also help in the development of the organizations. The main
functions of PM can be stated as follows:

o Keeping record of the major stakeholders like employees;

o Analysis of their performance;

o Understanding the potential of the stakeholders and providing feedback to the management in
regards to the same;

e Providing proper framework for the development of their potential; (McConnell, 2007: 186).

It will also be integral to look into the needs of the employees under the stakeholder principles to find
out how the employees can be motivated. This can be stated with the help of the Maslow’s hierarchy of needs
as follows:

69



Love/belonging

The hierarchy of needs model states that the employees can be motivated by the basic aspects of their
need like money after which more emphasis has to be given to work environment as well as the relation
between the management and the employees. There should be proper chances for the employees to learn,
develop and grow in the organization as well (Lee and Hanna, 2015). The main emphasis of the model has
been to create an environment where the employees can be provided an environment to grow and develop
along with the organization. Therefore, it can be seen that PM functions have been linked to the growth and
development of the employees which eventually caters to the development of the organization. Given the
competitive nature of the business environment, quality employees have been scarce and therefore, proper
emphasis has to be given to manage and retain them. A proper framework of PM can also help in the process
(Fan, 2006).

How has this been possible and how would the PM aspects guarantee the growth of the employees?
This can be done with the help of a proper framework that can be stated as follows:

Performance renewal
and re contracting
—

Source: Aguinis and Pierce, 2008

The emphasis should be on proper development of performance prerequisites that cater to the
development of proper facilities in the work environment. This will relate to proper performance planning
related to the job and the execution as well as assessment of the same. The HRM is also engaged in the review
of the performance which lead to the analysis of the best performers in the company who are rewarded
(Gruman and Saks, 2011). This is in sync with the findings from the Maslow hierarchy model whereby the
employees are to be motivated to perform according to the objectives set by the firms.

The study by Gruman and Saks (2011) has found that given the modern-day nature of the work
environment, projects are developed according to the dynamic nature of the business environment and they
change very frequently. Therefore, it has been difficult to motivate the employees in this context as there is
not a standard aspect of the work process and thus the PM framework cannot be developed.
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There has been the growth of another model called the Balanced Scorecard (BSC) that looks to
compare the performances of the employees to the industry benchmark (Northcott and Taulapapa, 2012).
Given the lack of stability of the work processes, this again has not feasible in developing proper PM
prerogatives. The employees thus, find the performance measures not related to the project goals. In this
context, Gruman and Saks (2011) have recommended the development of employee engagement (EE)
perspectives whereby the employees can engage fully in the work environment and can fully express
themselves with proper deployment of one’s self. However, this is an intrinsic aspect that comes from within
and the HRM can only develop the prerequisites for it. The study has also revealed that the main emphasis
should be on following the Job Demands — Resources (JDR) model whereby the demands of the job are
carefully ascertained and negotiated with the employees. The HRM then looks to provide the necessary
resources for the fulfilment of the same (Gruman and Saks, 2011).

However, the use of the JDR model cannot cater to the motivational traits of the employees unless
they are linked to the quantitative aspects of job performance which in turn disrespects the findings of the
stakeholder theory. Catering to the needs of the stakeholders will require analysis of the performance and
providing rewards to the employees in addition to increasing employee engagement. In the modern-day
dynamic business environment this will be extremely difficult given the fact that work operations change
constantly according to the changed objectives.

Conclusion

The study has revealed that PM has been an important prerogative in catering to the needs of the
employees in the business organizations. The PM functions relate to the analysis of the performances of the
employees and also assisting them to grow in the organization with suitable reward structure. However, with
the changes in the business environment, more emphasis has been led to employee engagement whereby the
motivational aspects of the employees are intrinsic in nature and cannot be measured. In this context, it has
been very difficult to develop proper PM procedures and will require constant analysis of the same by HRM
professionals. In particular, the results of the work can be useful in the implementation of certain business
projects, taking into account the data of various geophysical studies (expected climate change, risks of natural
and man-made disasters, etc. [11-15])
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YupasJieHue U OpraHu3anus

HN. H. Jlon1anze
Pe3ome

I'moGanu3zanus Ou3HEC-cpe/ibl O03HAYaeT, YTO KOMIIAHWW IIEPEMENIAIOTCS B pasHble YacTH MHpPA, YTOOBI
oOciry>)kuBaTh pasHble pbIHKUA. llosToMy HeoOxoaumo Obulo pa3paboTath (YHKUMM — YHpaBICHUS
s¢ppextuBHOCTEIO (PM), KOTOpBIE 00NEryatoT pa3paboTKy MPOLECCOB M BUIOB ACATENLHOCTH, KOTOPHIE, B
CBOIO OUYepe/ib, OTBEUAIOT IIEJISIM M 3a/1auaM opranu3anuu. MccinenoBanue NOCBSIIEHO aHAIN3Y TEPCICKTHBBI
PM B coBpemeHHOH Ou3HEC-Cpesie U CIOKHOCTH ee peanu3anuu. [Ipu sTom Oonblioe 3HadeHue nmprodpena
KOMMEpIHAIH3alUsl HAayYHBIX JOCTIKEHHH, B YAaCTHOCTH, TeO(PH3MUECKHX HCCIIEOBAHMM, MOIJIEPKKa
SKOHOMHUYECKOU IEATEIbHOCTA U MHHOBALMI B YIIpaBI€HUU. B JaHHON cTaThe NPEICTABIEHBI PELICHMS 3TUX
npooieM.

KiroueBble cioBa: BI/I3H€C, YIipaBJICHUC, FeO(l)I/I3I/I‘-IeCKI/I€ JaHHBIC.
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ABSTRACT

Information about the international conference of young scientists "Modern Problems of the Earth Sciences"”, which was
held on November 21-22, 2022 at Ivane Javakhishvili Thilisi State University is presented.The conference was dedicated
to the challenges in the directions of Earth sciences and ways to solve them.

Key words: Geophysical processes, natural disasters, earth ecology, mitigation.

Introduction

On November 21-22, 2022, Ivane Javakhishvili Thilisi State University hosted the International Conference
of Young Scientists - "Modern Problems of the Earth Sciences".

More than 50 young researchers from 6 countries participated in the conference.

The objectives of the conference were the presentation of the results of many years of research in the field of
earth science by young scientists at the plenary session (oral\stand\video). Also, presentation of reports selected
by the scientific committee and their discussion at plenary, sectional sessions and in poster form.

The target group was Georgian and foreign scientific, educational, governmental and non-governmental
organizations, which have direct contact with the theme of the conference (universities, research institutes,
educational organizations, structures of emergency situations, etc.).

The collection of conference materials and all of its separate articles is available on the website of the National
Scientific Library: http://openlibrary.ge/handle/123456789/10224

Goal of the Conference

*Discovering the potential of young scientists in the field of earth science;

* Establishing and strengthening ties between different generations of scientists;

* Defining the prospects for the development of scientific research;

» Identify opportunities for improving the scientific-educational field of secondary and higher education
institutions in relation to the issues of the conference;

« Strengthening international scientific cooperation on conference topics;

» To acquaint the world scientific community, governmental structures, other interested organizations and
individuals with the current state of the problems related to the fields of Earth Sciences.

Conference Organizers

The conference was organized by the Mikheil Nodia Institute of Geophysics of the Thilisi State University
and the Institute of Hydrometeorology of the Georgian Technical University.

Conference Supporting Organizations

The supporting organization of the conference was the Georgian Geophysical Association.
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Scientific Committee and Editorial Board

Tamaz Chelidze: Academician, Chairman of the Scientific Committee, Editor-in-Chief; Nugzar Ghlonti:
Co-Chairman of the Scientific Committee; Avtandil Amiranashvili (Deputy Editor-in-Chief), Jemal Kiria,
Tamar Jimsheladze, Davit Svanadze - TSU, M. Nodia Institute of Geophysics, Georgia,;

Tengiz Tsintsadze: Co-Chairman of the Scientific Committee; Marika Tatishvili, Natia Gigauri, Inga
Samkharadze - GTU, Institute of Hydrometeorology, Georgia;

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

Bakhtier Nurtaev - Institute of Geology and Geophysics named after H.M. Abdullayev,
State committee of the republic of Uzbekistan on geology and mineral resources, Uzbekistan;

Sergey Nazaretyan - Territorial Survey for Seismic Protection, Ministry of Emergency Situations of Armenia,
Gyumri, Armenia;

Bakhram Nurtaev — Institute of Helioclimatology, Germany.

Organizing Committee

Mikheil Pipia: Chairman of Organizing Committee; GTU, Institute of Hydrometeorology / TSU, M. Nodia
Institute of Geophysics, Georgia;

Manana Nikolaishvili — Deputy Chairman of Organizing Committee; Sophiko Matiashvili, Khatia
Tavidashvili — TSU, M. Nodia Institute of Geophysics, Georgia;

Nazibrola Beglarashvili, Narine Arutiniani - GTU, Institute of Hydrometeorology, Georgia.

Conference Themes — All Problems of the Earth Sciences
Expected Results

* Promoting historical and modern achievements in the field of Earth Sciences;

* To acquaint the world community with the current state of the problems related to the science of the Earth;

* Enhance international cooperation for the scientific and practical application of modern achievements related
to the conference;

* Assess the social and economic risks associated with the conference topics and identify opportunities for
joint action to prevent these risks;

* Identify opportunities to improve the scientific-educational base of secondary and higher education
institutions in the field of Earth Sciences.

The conference was opened by the co-chairman of the scientific committee, the director of the Institute of
Geophysics, Nugzar Ghlonti, who made a general overview of the modern problems of earth science and
wished the conference participants fruitful work.

Another co-chairman of the scientific committee, director of the Institute of Hydrometeorology Tengiz
Tsintsadze addressed the participants with a welcome speech, talked about the problems of
hydrometeorological events and the need to involve young researchers in this field.

Avtandil Amiranashvili, the deputy editor-in-chief, head of the atmospheric physics sector of the Institute of
Geophysics, addressed the participants with a closing speech and wished success to the young scientists in
their future research activities.

A total of 43 oral and poster presentations were considered at the conference. 42 reports published (see
References). One report, at the request of the authors, will be published in another edition (Vepkhvadze S.,
Malik P., Melikadze G., Todadze M., Ghlonti L., Chikadze T. Assessment karstic water origin along South
slope of Grate Caucasus Mountain range).

The proceedings of this conference as a whole, as well as its individual works, are published and posted on the
portal of the Institute of Geophysics, which are included in the international electronic library data base
DSpace, indexed in Google Scholar and Publish or Perish.

According to the results of the conference, a decision was made, in which the achievements and gaps in the
directions of earth science are discussed. Future meetings with the participation of young scientists have been
planned.
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Photos from Conference
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