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DEVELOPMENT OF A SPECIAL MACROSEISMIC SCALE BASED ON
THE DATA OF CHURCHES DAMAGED BY THE 1926 LENINAKAN
EARTHQUAKE

Tataryan V. H.
Territorial Survey for seismic protection of the Ministry of Emergency Situations of Republic of Armenia

Abstract: To assess the intensity of strong historical earthquakes on the territory of Armenia, a special macroseismic
scale was compiled based on statistical data on the damage to the buildings of Armenian churches by the devastating
1988 Spitak earthquake. It is important that the stored data covers a long period of time (about 2000 years) without big
breaks. The absence of a macro-seismic scale made it impossible to accurately determine the severity of these
earthquakes. Therefore, this information was interpreted differently by different seismologists, and the strength of
earthquakes was largely underestimated. A new preliminary special scale was created based on the damage analysis of
church buildings located in the 7-10 intensity zone of the 1988 Spitak earthquake. It was necessary to improve this scale
with other, well-studied, similar studies of earthquakes. We chose the 1926 Leninakan earthquake having studied in
detail the technical condition of the church buildings damaged by this earthquake, the injuries received local factors
affecting the seismic intensity (soils, relief, groundwater level, etc.), types of church buildings and written sources about
their damage, and summarizing them, we tried to improve a special macroseismic scale:

Keywords: earthquake, church, damaged, intensity, macroseismic scale

Introduction

There is a lot of written information about strong earthquakes in the Armenian Highlands (Eastern
Anatolia) over the past two thousand years [1]. These data describe the behavior of the most significant
monumental architectural structures-churches, temples, palace buildings, fortresses, etc. In case of strong
earthquakes [10]. Despite the available, rather rich historical written information, it is difficult to estimate the
intensity of earthquakes on known scales (MSK-64 or EMS - 98, MM, etc.), since there is no data on damage
to Armenian churches in the descriptive parts of the earthquake [3,7]. When determining the intensity of
historical earthquakes, various experts interpreted the facts in their own way, which could not be objective.
Therefore, for a more objective and systematic interpretation of the actual historical data, it was necessary to
compile a special scale of seismic intensity based on the degree of damage to the buildings of Armenian
churches by earthquakes of our time. Such an initial scale was compiled by S. Nazaretyan, in which the basic
principles of the creation of the MSK-64 [5] scale, were observed, in particular the 12-point gradation of
intensity [4,6,7.8]. Studies show that Armenian churches can suffer from seismic fluctuations of 7 or more
points [6] therefore, it makes sense to create a scale for the intensity of 7-10 points [7].

Structurally, the central dome has an important place in the buildings of Armenian churches, the
height of which is often commensurate with the height of the building itself. The buildings studied are
divided into two groups — churches with domes and without. Almost all the buildings of Armenian churches
are built of dense tuff on lime mortar, masonry type ,,midis,,, and the wall thickness averages 0.8-1.0 m [6].

The method of drawing up a new special scale, which we also used, is as follows [7]. Strong earthquakes are
selected, for which reliable isoseismal maps have been compiled and then the damaged buildings of churches
located in an intensity zone of 7 or more points are studied. The local ground, hydrogeological and
topographic conditions affecting the magnitude of the seismic intensity are studied separately to determine
the possible increment of the score. Based on the collected data, a table of the most characteristic damages of
churches is first compiled, and then a special macroseismic scale. The number of church buildings on the
territory of the Republic of Armenia is quite large (more than 1,500) and they are located throughout the
territory [7,9]. Naturally, in order to compile a reliable scale, a data set of as many earthquakes as possible is
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needed. However, the choice of such earthquakes is very small. Among such earthquakes is the 1926
Leninakan earthquake. But, despite the diversity of buildings in churches, there are many elements, such as
layout schemes, dimensions, building material used, features of construction technology, etc., which allow,
from the point of view of earthquake resistance, to combine them into groups and form the basis of a
macroseismic scale [6].

1. Parametrs of 1926 Leninakan earthquake and Map of isoseismals

According to macroseismic data, the coordinates of the earthquake epicenter are: ¢=40,68; A =43,75,
magnitude-5.75, Intensity: 8-9 points.- For our purpose, we chose the map constructed by Bjus, shown in
Figure 1. It follows from the map that the isoseismals has a strong attraction in the north-east direction,
which coincides with the active breakthrough of Akhuryan. The isoseismals of 8 and 7 points are parallel to
each other, and the isoseismals of lower intensity is gradually rounded taking an isometric form. The
accuracy of the isoseismals of the earthquakes of 1926 and the Spitak earthquakes of 1988 is quite different:
The 1988 Spitak earthquakes isoseismals is more accurate.

2. Investigation buildings of Armenian Churches dislocation on intensity zone 7-9 of 1926 Leninakan
earthquake

When describing the technical condition of church buildings, a large place was given to walls,
especially the occurrence of through cracks, their size and position, displacements of walls with cracks,
damage or fall of domes, damage to foundations, etc.

Fig. 1. Isoseismal map of 22.10.1926 Leninakan earthquake [2]: 1- macroseismic epicenter; 2- surveyed
settlements.

A format (questionnaire) was developed to describe all church buildings, which included data on the

location of church buildings, their plan, year of construction, soil and terrain characteristics affecting the
level of seismic hazard, data on the main building materials used, the type of overlap, the presence of a
dome, the location of old ones (before the Leninakan earthquake of 1926) damage, etc. Separately, a
description of the damage received as a result of the Leninakan earthquake is presented, which are
accompanied by appropriate illustrations (Appendix # 1).
Structurally, the centrifugal type has an important place in the buildings of Armenian churches, the height of
which is often equivalent to the height of the building itself. Therefore, the buildings studied by us are
divided into two groups: domed and without. Almost all the buildings of Armenian churches are built of
thick tuff lined with limestone "midis". The thickness of the walls is on average 0.8-1.0 m. (Tokarsky, 1948;
Toramonian, 1942-48; Khalpakhchian, 1980) [6,7].



3. Investigation of damage to church buildings from the earthquake

The buildings of all the churches were studied and photographed in detail on the spot. In advance,
written data was collected, including fund data, about the earthquakes that occurred in that place and the
damage to the churches, the repairs and reconstructions of the buildings. On the basis of all these a table was
compiled showing what kind of injuries the buildings received in the same seismicity zone of the 1926
Leninakan earthquake and as a result the special macroseismic scale compiled and improved on the basis of
the data of the 1988 Spitak earthquake. It should be noted that there are not many elements of improvement
of the scale and changes.

Predictions of possible damage to church buildings in this scale case were reconfirmed. However,
injuries not characteristic of the given level of danger were also observed. For example, on the entire 36 m
high dome and the south wall of the Mother Church of Harichivank a transverse crack was caused by 1926
Leninakan earthquake, while according to the isoseismal map, the intensity here was 5-6 points. Here, it is
appropriate to remember the role of the resonance phenomenon in building damage when a rigid building is
built on rock soils [4], as the same effect was observed during Spitak earthquake when large cracks with a
different location appeared after intensity seven [7]. However, this is a unique case that needs special
research. Basically, especially in the 7-8 scale intensity zone, the damage received by the churches confirms
the reliability of the Special Macroseismic scale.

4. Conclusion

We have carried out special research in order to find out the damaged buildings of Armenian
churches from the 1926 earthquake in Leninakan, depending on the intensity of the earthquake, and to obtain
their main characteristics. The viability of the Special Macroseismic Scale compiled by S. Nazaretyan for
assessing the intensity of historical strong earthquakes was confirmed by the data of the buildings damaged
by this earthquake. The same church building, which was located in the same earthquake zone of Spitak
1988 and Leninakan 1926, received basically the same type of injuries. In particular, the new transverse
cracks on the walls had approximately the same characteristics. However, they differed in their location on
the building. This can be explained by the change in the location of the earthquake's focus in relation to the
church. Often the cracks caused by the 1926 earthquake on the church building were widened in 1988 from
the Spitak earthquake.
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Appendix #1
Questionnaire Ne 5
Church St. Mary, v. Gusanagjukh

22x15x5 m

General information

. Time of construction-1910

. Recovery time- 2022

. General plan, dimensions- 22x15x5

. Terrain relief- flat, it is leveled to the west

. Soils according to seismic properties- 1-2

. Groundwater level-

. The presence of the dome, its preservation- it was demolished in 1926.
. Construction data- black tuff (hard)

. Old injuries- were not

10. Roof- stone

11. The wave magnitude scale of Leninakan's 1926 earthquake - 8 : (according to T. Babayan).

O 0 1 O\ LN W

Description of the damage caused by the 1926 Leninakan earthquake
» All walls have cracks as well as hairline cracks.
» 3 cracks on 3 walls in the western part, 2 cracks (not wide) on the eastern wall.
» 3 cracks along the entire height of the wall.
» The dome was damaged by the 1926 earthquake and demolished in 1933.

> The bell tower built later was demolished due to lack of connection with the building.
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ILLEGAL STRUCTURAL MODIFICATIONS AFFECTING THE SEISMIC
VULNERABILITY OF MULTI-APARTMENT BUILDINGS

Tatoyan S. S.

Territorial Survey for seismic protection of the Ministry of Emergency Situations of Republic of Armenia

Abstract: The results of the study of the consequences of the 1988 earthquake in Spitak showed that many illegal
modifications were carried out by the residents in the apartment buildings, which led to the reduction of the seismic
resistance of the buildings. For example, the reason for the collapse of at least 10% of stone apartment buildings in
Gyumri was also one of those illegalities. This issue remains relevant to this day, so these illegalities must be prevented,
and those committed in the past must be eliminated. In this work, we tried to identify the allowed illegal modifications,
dividing them into groups according to the danger of affecting the seismic resistance of the building.

Key words: earthquake, volnerability, damage, Illegal structural modifications.

1. Introduction

The results of the study of the consequences of the 1988 earthquake in Spitak showed that many
illegal modifications were carried out by the residents in the apartment buildings, which led to the reduction
of the seismic resistance of the buildings. For example, the reason for the collapse of at least 10% of 147
multi-story residential buildings in Gyumri was also those illegalities, and the number of badly damaged
buildings was many times more [1,5,6,7]. Residents had grossly violated almost all the points of the building
operation procedure approved by government decisions, which led to the deterioration of the building's
technical condition (weakening of the foundations, damage to bearing columns and beams, making openings
in the bearing walls and demolishing the inner layer of the row of walls, installing large volume water tanks
on the roofs), implementation of additional constructions inside the building, etc.).

In some buildings, the overloading of stairwells, common corridors, attics, and balcony platforms
with metal lockers by residents has become a serious problem. During the 1988 Spitak earthquake, some
single-entrance, five-story 1-451-20 C type buildings with long corridors collapsed for this very reason [7,8].
Congestion of corridors also poses a problem in terms of the evacuation of residents during earthquakes and
emergencies. The installation of heavy water tanks on the roofs also has a very negative impact on the
seismic resistance of buildings, which, in addition to additional loading, also causes additional inertial forces
due to water fluctuations.

Residents carry out illegal modifications in buildings for various purposes, many times not realizing
the consequences of what they have done in terms of reducing the seismic resistance of the entire building or
its individual parts. Among the most common purposes of alterations are the constructions of basements and
garages, the extension of rooms at the expense of other rooms or corridors and the kitchen, the opening of
doors or windows, the demolition of the inner row of stone walls to open cupboards or doors, the
"beautification" of an apartment or rooms, the extension of an apartment to outbuildings or balconies, at the
expense of opening the exit from the roof slabs to the roof, installing pipes in the walls, which is especially
unacceptable in the case of a ,,midis” layout, etc.

These illegalities gained a greater scale after the privatization of housing. If we take into account that
apartment buildings built in the Soviet years, before 1989, are seismically vulnerable due to poor quality
construction and design with reduced seismic risk, the importance of the problem discussed in this work will
become obvious.

2. The results of the research
In order to clarify the problem, we specially examined 2 apartment buildings of the Akhuryan
community, one built before the 1988 Spitak earthquake, and the other after the earthquake. All rooms,
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toilets, bathrooms, kitchens, and corridors of the apartments were studied. Let's briefly present the data about
the buildings and the detected illegalities [6].

A. The stone building 83 of Akhuryan highway (commissioned at the end of 1987, individual project,
4 floors, 3 entrances, 28 apartments, with basement, level of damage 1-2). Conclusions:

»  There are no significant changes in the basement floor, even some basements are not used by the
owner;

»  Almost all the studied apartments underwent various types of modifications. Only one apartment did
not undergo any changes;

»  Changes according to the degree of danger: a) modifications that do not affect the seismic resistance
of the building: balconies on the side of the yard were connected to the kitchen or room by demolishing
the partition; connecting toilets to bathrooms by eliminating or moving light partitions. Such
transformations are prevalent in almost all apartments; b) changes in shape when partition walls have
been demolished or moved. Only two cases have been reported; c) Full or partial demolition of bearing
walls to connect apartments. Only one case was observed where 1- and 2-room apartments were
connected by demolishing the bearing wall.

B. New Akhuryan Yu. Ghambaryan street, building 3a (commissioned in 2000, individual project, 3
floors, 1 entrance, 21 apartments, with basement, no renovation).
The newly built building (after the 1988 earthquake in Spitak). It has a monolithic-concrete skeleton, the
exterior walls are brick or stone-lined. There are no modifications or reconstructions in the basement. The
building is quality built and the earthquakes that have occurred in the last 21 years have not had any
noticeable effect on the building.
The following illegal modifications were recorded: the balconies of the 3-room and 2-room apartments on
the first floor were connected to the living room and the kitchen, which do not affect the seismic resistance of
the building. There were no modifications in the other apartments examined. Conclusions:

There are no significant modifications in the basement;

Only two apartments have undergone transformation;

These modifications do not affect the seismic resistance of the building;

Perhaps the residents have learned from the 1988 earthquake in Spitak and the municipal
administration did not allow massive changes to be made.

YV VY

The results of the studies are summarized in Table 1. We have grouped the illegal modifications into
3 groups according to the degree of danger and the difficulty of eliminating the illegalities.

3. The most common illegal modifications carried out in multi-apartment buildings

Research conducted by experts, especially after the Spitak earthquake of 1988, when the causes of
building collapse were studied, allows us to distinguish the following relatively more common illegalities in
apartment buildings. When describing these illegal modifications, we conventionally divided apartment
buildings of different types into two groups: stone and reinforced concrete constructions. And we have
divided the building into three parts according to the floor plan: basement, first, second and higher floors. In
the case of such a division, the illegalities found in the same parts of different types of buildings are basically
the same.

Table 1. The results of the investigation of two apartment buildings in Akhuryan, regarding the illegal
modifications carried out by the residents in the building [6].

Modifications Modifications that Modifications,
N Addre.ss.of the that do not can be easil complete or partial No modifications
building affect seismic .. Y demolition of
. eliminated .
resistance bearing walls
Akhuryan o o o o
1 Highway, 83 77.8% 11,0% 5,6% 5,6%
New Akhuryan, o o
2 Ghambaryan, 3a 12.5% - - 87.5%




A. The most common illegal modifications in stone apartment buildings [2,3,4,6,7].
> Basement
e Below the foundation of the building, in the immediate vicinity of the load-bearing wall, digging of
pits;
e Damage to the foundation of the building, cutting;
e Demolition or relocation of partitions.
» First floor.
Excavating pits in the ground below the building foundation (in the absence of a basement);
Demolition or relocation of bearing walls,
Partial demolition of the inner row of bearing walls;
Demolition or relocation of partitions,
Demolition of bearing walls for access to the outside of the building or to the outbuilding.
» Second and higher floors
o Partial destruction of the inner row of walls,
Demolition or relocation of partitions,
Expansion of living spaces at the expense of balconies;
Disassembly or damage of reinforced concrete connections.
Making an opening in the ceiling covering of the last floor.

B. Buildings with reinforced concrete structures
> Basement
e Digging holes in the ground in the immediate vicinity of the bearing element below the foundation of
the building,
e Damage, cutting of the foundation of the building or the foundation of the pillar,
e Demolition or relocation of basement partitions.
> First floor.
¢ Opening pits in the ground below the foundation of the building,
e Damage, dismantling of external wall panels;
e Demolition or relocation of partitions;
¢ Implementation or demolition of openings in panel walls;
e Damage to load-bearing reinforced concrete columns, opening of cavities in them, cutting of column
reinforcements;
e Dismantling or damage of reinforced concrete connections.
» Second and higher floors
e Demolition or relocation of partitions,
Damage to bearing or non-bearing exterior wall panels;
Extension of living spaces to create balconies or to expand existing ones;
Dismantling or damage of reinforced concrete connections;
Making an opening in the ceiling covering of the last floor.

4. Conclusion
1. Research shows that the problem concerns almost all apartment buildings in the Republic of Armenia's
settlements, especially during the Soviet years. It has a large scale in cities, particularly in Yerevan. If we
take into account that the vast majority of multi-apartment buildings built between 1957 and 1989 have
medium and high seismic vulnerability for various reasons, then the critical importance of the problem will
become evident, because of the illegal modifications and reconstructions of the structural elements allowed
in the buildings increase their seismic vulnerability.
2. The illegal modifications and especially the reconstructions carried out in the buildings in the past,
regardless of who did it, on what grounds, and when they are eliminated, can be conditionally divided into
three groups:

a) modifications that do not affect the seismic resistance of the building.

b) Irregularities that affect the seismic resistance of the building can be eliminated quickly, at a low cost,

with the help of non-licensed professionals.



¢) reconstructions that have a significant impact on the seismic resistance of the building and their
elimination is mandatory and requires certain financial resources, time, and also the involvement of
licensed professional forces (for a project, construction, supervision, acceptance-handover, etc.).

d) In order to prevent new illegal modifications in multi-apartment buildings, a key place should be given
to the strengthening and monitoring of local self-government bodies and councils. It is important to
involve the professional forces of the municipal administration, the territorial inspection bodies of the
Republic of Armenia, and the seismic service of the Ministry of Emergency Situations of the Republic
of Armenia. Emphasize the implementation of explanatory works for residents of multi-apartment
buildings.

References

. Balasanyan S. Y., Nazaretyan S.N., Amirbekyan V.S. Seismic protection and its organization. Ed. Eldorado.
Gyumri, 2004. 438 p. (in Russian).

. FEMA. Multi-Hazard Models. [Accessed October 23, 2017]. https://www.fema.gov/multi-hazard-models

. Khachiyan, E.E., Spitak earthquake on December 7, 1988//basic seismological characteristics and analysis of its
destructive consequences (to the thirtieth anniversary of the earthquake). Seismic construction. Safety of structures.
2018a. 4, pp. 9-30 (in Russian). http://seismic-safety.ru/sites/default/files/ssbs-2018-04 khachiyan.pdf.

. Nazaretyan, S.N. Seismic hazard and risk of the city’s of zone 1988 Spitak earthquake. Publishing House "Gitutyun-
Sciences" NAS RA. Yerevan, 20132, 204 p. (in Russian).

. Nazaretyan, S.N. Main features of the new methodology for seismic risk assessment of Armenian cities. Seismic
Instruments, 2020, 56, pp. 317-331. DOI: 10.3103/S0747923920030093

. Nazaretyan S.N., Tatoyan S.S., Zakaryan N.H. Guidebook for the exclusion and detection of illegal modifications
that reduce earthquake resistance multiapartment buildings in RA. Ed. Eldorado. Gyumri, 2022. 68 p. (in Armenian).

. The tragedy of Spitak should not be repeated (edited by E.E. Khachiyan). Ed. Voskan Yerevantsi, Yerevan, 1998.
346 c. (in Russian).

. The Project for Seismic Risk Assessment and Risk Management Planning in the Republic of Armenia Final Report
Vol. I. JICA, MES RA. Yerevan, 2012. 93 p. https://openjicareport.jica.go.jp/pdf/12086047.pdf

10



aboggsbMs 3936090Hms LygMmsdmmolm 3mbggmgbios ,,gosdofols 9gdlfsgwrgamo dgEboggdols
5650900M™M39 3OHMdEgdgdo“
9603900, ISBN 978-9941-36-044-2, ;dogobo, badsGmggerm, 21-22 bmgddgHo, 2022 §.
International Conference of Young Scientists "Modern Problems of Earth Sciences"
Proceedings, ISBN 978-9941-36-044-2, Thilisi, Georgia, November 21-22, 2022

APPLICATION OF INTEGRATED INTERPRETATION OF GEOPHYSICAL
DATA IN SEARCH OF HIDDEN MINERALIZATION (ON EXAMPLE OF
SULTAN-UVAIS AND TAMDYTAU MOUNTAINS)
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Abstract. Application of the geophysical method of induced polarization on the example of the search for hidden
mineralization of chromites. In the mountains of Uzbekistan.
Keywords: Induced polarization, chromites, hidden mineralization.

Despite the rather detailed knowledge of most aspects of the geological structure and ore content of
the Sultanuvais and Tamdytau mountains up to date, the problems of identifying patterns of localization and
development of chromite mineralization in promising areas, the development of criteria for forecasting and
assessing hidden mineralization remain relevant and requiring solution. This is important for addressing
issues related to vertical and horizontal zoning elements, the identification of which is necessary for in-depth
prediction of mineralization. Many of the Uzbekistan's hyperbasite massifs are overlain by loose sediments,
making it difficult to study them geologically from the surface. Disseminated ores is characterized by a very
wide range of changes in physical properties, depending on the content of chrome spinel in the ore, the
nature of silicate cement, porosity and fracturing. In the matter of finding deposits under siege geophysical
methods help, but serpentinization, the tectonic nature of ore-controlling structures and the vein-like shape of
chromite deposits greatly complicate the overall picture of physical fields [1]. This paper raises the question
of the possibility of using a complex of geological and geophysical data at the stage of searching for local
deposits and hidden mineralization. The purpose of this work was to study the polarization properties of
chromium ores and their host ultramafic rocks of the ophiolite series. Ore occurrences and deposits, as is
known, are confined to the intersections of tectonic faults. On a regional scale, confirmation of this are easily
found, both when considering the location of oil and gas deposits and in the spatial position of various ore
deposits. [6].

In order to answer this question, we have done a number of works:

1. According to previous geological and geophysical work, the most promising areas were identified

2. Geophysical work was carried out on a local scale with their subsequent processing and as a result
we obtained area maps of the distribution of physical parameters of the studied areas.

3. Comparative analysis and interpretation of the data were performed.

Knowing that minerals are confined to the zones of intersection of tectonic faults, the first step was
to identify them at the work site. To do this, we interpreted the map of the magnetic field in the areas of
Sultan-Uvais and Tamdytau (Fig. 1) [4].

The first research area is located within the central part of the Sultan-Uvais massif. The central strip of
ultramafite formations of the Sultanuvais mountains stretches through the entire ridge from northwest to
southeast for almost 50 km with an average width of 2-2.5 km [2.6]. Serpentinites and products of their
change (listvenites, talcites, pyroxenites, rodingites, talc-carbonate, actinolite, tremolite rocks, gabbro and
gabbro-amphibolites, as well as plagiogranites developed in its eastern part [6]. The zone of ophiolite
complexes outcrops of the Sultan-Uvais ridge has a significant extent and finds its expression in high
positive magnetic field anomalies. Often, bodies not only split, but, following the latter, make knee-like
bends. These blocks are the least studied, but a number of features in them can be expected to identify
industrial deposits. After conducting electro- and magnetometric studies in the selected area, we obtained the
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following values of electromagnetic fields, shown in Figure 2. Magnetic exploration was carried out by
equipment GSM-19 manufactured by GEM Systems, Inc Canada. Also, vertical electric probing profiles
were passed with the measurement of induced polarization (VEZ-VP) by a IMVP-8 device manufactured by
North-West company. As can be seen from the figure, a zone with increased magnetic field intensity
corresponds to a zone with reduced resistance and increased polarization. Such a ratio of abnormal fields,
according to [1], corresponds to the zone of latent mineralization.

I

R

<
——
»
-

Fig. 1. Field area based on geomagnetic data interpretation. Black - lines of suspected tectonic faults, yellow
point - work area. The basis is a fragment of the geological map of the Sultan-Uvais mountains, [2], a map of
magnetic anomalies [4].

Fig. 2. Results of electrical and magnetic survey work on the Sultan-Uvais area.

Ultrabasite-basite formations of Northern Tamdytau are divided into two formation complexes:
Tamdy gabbro-peridotite and Djamankingir gabbro-plagiogranite complexes [6,7]. They are confined to the
zone of the deep Muruntau-Nuratau fault and are located in its operating structures at the junction of the
Silurian and Riphean formations [3]. Field experimental and methodological studies in order to develop
elements of the technology for prospecting for chromite deposits using high-precision magnetic and
electrical prospecting were carried out using the method of induced polarization by installing a median
gradient (Fig. 3).
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Map by polarizability values

Map of magnetic anomalies

Fig. 3. Area of works performed with reference to coordinates.

The sections show a pronounced electrical resistivity anomaly at the expected intersection of the
profile with the ore vein. The magnetic field within the work area has a complex structure. The intensity of
positive and negative anomalies reaches 500 nT. Only one linear anomaly is well manifested in the structure
of the magnetic field. The interpretation scheme identifies an extended linear minimum with an intensity of -
50 nT above the outcrops of chromite-containing rocks in the left part of the observation area. Also, a
reduced magnetic field is observed over large dunite lenses. In most of the area covered by Quaternary
deposits, a calm field of positive anomalies is observed. It is known that chromites in magnetic fields, as a
rule, are distinguished by the minimum values of AT. The correctness of the ore body reference is confirmed
by a negative magnetic field anomaly of -50 nT.

Conclusion.

The study of the polarization and electromagnetic properties of chromite ores and ultramafites
containing them in their natural occurrence using electrical and magnetic exploration facilities in Uzbekistan
is still under development. The experience of prospecting for the search for chromites in two areas shows
that ground-based magnetic survey and the method of induced polarization in the VP-SG survey options, in
combination with geological studies, can effectively solve the problems of searching for objects. Based on
the research results, we have obtained encouraging results on the anomalous behavior of electrical resistance
and magnetic field anomalies in the proposed ore zones. The use of geophysical prospecting methods is
several times cheaper than exploratory drilling, which reduces costs and speeds up the process of searching
for hidden mineralization.
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Abstract. The main goal of this research was the analysis of dynamic changes in dam foundation displacement
according to the periodic variation in water level in the lake around the Enguri Arch Dam. We used a database, for the
information collected from 1974 to 2021. In this work, we have tested and analyzed the dynamical changes by modern
several nonlinear methods. We choose one of the most effective methods Multifractal Detrended Fluctuation Analysis
(MF-DFA). From the results of our research, we can see that dynamic changes in dam foundation displacement are
connected with the process of dam behavior. One of the main facts is that water level change in the reservoir behind the
Enguri high dam also affects this process.

Key words: Dynamical changes, nonlinear analyses, datasets.

Introduction

The first step of our research was studying the literature close to our task. During this process, we have
found a lot of mentioned facts that the construction and functioning of large water reservoirs have a strong
influence on the environment. Here, we can list some of them: influence on the local seismic activity,
changes in local weather, initiation of landslides, etc. As we conclude the attention to this fact is great, so,
naturally, the question must be studied deeper and paid attention to multidisciplinary. We have used this
location of the Enguri Dam area because it is one of the highest dams in the world. The high of our dam
located in West Georgia is 271 meters. Nowadays, the Enguri arch dam is part of the Enguri Hydro Power
Plant (HPP) located in the river Enguri Gorge, Georgia. Since the start of construction, contemporary, to that
time, multi-disciplinary geodynamical-geophysical monitoring was organized in the dam area [1-3].

i

0 Strainmeter

Fig. 1. Enguri dam and reservoir area with locations of the main Ingirishi fault and the branch fault.
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The geological survey documented that the branch fault of the large active beneath the Enguri dam, the
Ingirishi fault crosses the right wing of the dam foundation. At the same time, it is known that the presence
of the active (or potentially active) fault in the large dam foundation is a serious threat to dam safety [1,4,5].
It was quite logical that the monitoring of the fault zone started well before the beginning of dam
construction and reservoir filling. The branch fault of the main Ingirishi fault (Fig.1) crosses the foundation
of the Enguri dam and, thus, poses a significant hazard to the dam.

Actually, the studying area is a natural large-scale laboratory for the investigation of tectonic, man-
made, and environmental impacts on the fault zone deformation pattern. Two main facts influenced the fault.
The first (tectonic strain) leads to piecewise linear displacement, which we define as a trend component, and
the second to quasiperiodic oscillations, decorating the main trend.

The information from the dam is recorded for the period from 1974 to 2021. This database is unique
because it contains such important characteristics, such as high weir foundation and weir body tilts,
deformation of foundation, weir body temperature, water level variation in the reservoir, etc. Some of the
results from datasets we have already published in scientific periodicals [2-6]. In this work, we aimed to be
focussed on dam foundation displacement datasets of Enguri arch dam during the period from 1974 to 2021

(Fig. 2).
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Fig. 2. Dam foundation displacement data sets around Enguri in period from 1974 to 2021. Arrows 1, 2, 3, 4,
5 correspond to the start of 5 periods of fault zone extension.

To control the fault behavior permanently, 4 years before the first filling of the reservoir, in 1974, the
quartz strainmeter, crossing the fault zone was installed. The strainmeter recorded the displacement of the
blocks, divided by the fault zone (the thickness of the zone is around 10 m) in the normal to the fault plane
direction, so it shows fault zone extension/contraction. The length of the quartz tube is 22.5 m and the free
end of the tube is equipped with a photo-optical recording system (now in parallel with a laser system). The
tube was placed so that both fixed and free ends are on the opposite sides of the fault zone, separated from it
by several meters. The readouts from the photo recording were made once per day at the same time. The
displacements sensitivity of the system was of the order of 0.18 m/mm.

Since 15 April 1978, the reservoir was filled step by step. Since 1987, the water level in the reservoir
has been changing seasonally, almost periodically. Seismic datasets were obtained from monitoring systems
created around the Enguri area. The representative threshold for the local earthquake catalog from 1974 to
2021 was M2.2.

During our research, we take datasets from a strainmeter, which fixed measures of displacements of
high dam foundation. As we have noted above, filling the Enguri reservoir influences the seismic activity
around the dam. For investigating the dynamical changes of the dam foundation displacements behavior, we
have taken multifractal detrended fluctuation analysis (MF-DFA). Based on Ivane Javakhishvili Thbilisi State
University, M. Nodia Institute of Geophysics the software for calculating MF-DFA was created.
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The first method of our analysis is multifractal detrended fluctuation analysis. MF-DFA method founds
higher-dimensional fractal and multifractal characteristics hidden in time series. The MF-DFA was proposed
by [7] and is based on DFA (detrended fluctuation analysis). This method is considered to be an effective
tool for measuring whether multifractal characteristics exist in displacement time series [7,8]. Our research
group has done this analysis for a different fluctuation degree q. According to the results, we can study the
multifractal scaling behavior of time series. In this work we have used three main characteristics: Hurst
exponent (H(q)), Multifractal Dimensions (D(q)), and Fluctuation functions (F(q)). The slope H depends on
the fluctuation degree of it is the regression line, called the Hurst exponent (Hurst, 1951). The MF-DFA
method determines positive generalized Hurst exponents h(q), and it becomes inaccurate for strongly anti-
correlated signals — where h(q) is close to zero.

The Hurst exponent will be in the interval between 0 and 1 for noise-like time series, whereas above
1 for a random walk-like time series. So, we have a long-range correlated structure — the Hurst exponent is in
the interval 0.5—1, an anti-correlated structure — the Hurst exponent is in the interval 0-0.5 and uncorrelated
Hurst exponent H = 0.5. One more situation is when we have H = 0.5, in this case, we can say that we have a
short-range dependent structure [9,10]. The MF-DFA method represents the best method for carrying out
multifractal nonstationary time series. The datasets for the period 1974-2021 were fixed for different
external influences: filling the reservoir, weather conditions, and seismic activity. Before starting our
analysis, we have detrended the displacement datasets. We divided the study period into several periods
(1974-1978, 1978-1985, 1985-2006, 2006-2013, 2013-2017, 2017-2021) where changes in movement are
actively noticeable. For Example, the analysis was done for the polynomial degree p2, p5. (Fig. 3(a,b)).
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Fig. 3. MF-DFA (Fq, Hq) analysis of displacements of Enguri Arc Dam foundation (a. polynomial degree
=p2; b. polynomial degree =p5).

From the results of the MF-DFA analysis, we can see how the three main characteristics, H(q) and
F(q) are changed (so active changes in period 2017-2021). We can conclude from the results that increasing
the polynomial degree leads to a decrease in the value of F(q). The H(q) is in the numerical range 0.5-1 and
above, which indicates that we have a long-range dependent (i.e. correlated) structure of time series.
According to our studies, we can conclude that increasing the degree of polynomial makes changes in the
dynamical structure of the system and decreases the fluctuation.
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Conclusion

From the task of our analysis, we have investigated the dynamical characteristics of Enguri high weir
foundation displacements dynamical changes. All databases of dam foundation displacements datasets were
collected in the period started from 1974 to 2021. In our analysis, we used the MF-DFA modern method of
data analysis. With our research, we conclude that the dynamics of dam foundation displacement are strongly
influenced by the process of Arc Dam construction and especially by water level change in artificial helps us
savor behind Enguri high dam. From MF-DFA analysis, we got clear results, which helps us to define the
degree of dynamic changes and behavior of our system.
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APPLICATION OF ELECTROPROSPECTING METHODS IN THE STUDY
OF LANDSLIDES

Varamashvili N., Amilakhvari D., Dvali L., Kitesashvili L.
M. Nodia Institute of Geophysics, TSU, Tbilisi, Georgia

Abstract. With the help of electrorprospecting methods, it is possible to determine the electromagnetic characteristics of
the geological environment (resistance, conductivity, etc.), from which we can draw conclusions about the structure and
moisture content of the studied area. Electrical survey, like the main part of geophysical surveys, can be divided into
two groups: passive and active methods. The first of them includes natural electric field methods, and the second -
artificial electric field methods. The materials presented in the work were obtained, on the landslide body, by vertical
electric sounding and natural electric field methods. Based on the analysis of the obtained results, conclusions are
made about the possible existence of rock humidity and underground water flows.

Keywords: electric search, vertical electric sensing, natural electric field.
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HYDRODYNAMIC ANOMALIES RELATED WITH PREPARATION OF
EARTHQUAKES MAG>4 IN GEORGIA (2022)

*Jimsheladze T., *Melikadze G., *Kobzev G., *Tchankvetadze A.,
*Razmadze-Brokishvili T.

‘Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Tbilisi State University, Thilisi, Georgia
“Georgian Technical University, Tbilisi, Georgia

Abstract. In terms of geodynamic life, territory of Georgia is one of the most active region. More the 20 year was
operating a special network of hydro-geodynamical (water level, Atmosphere pressure and air temperature)
observation on the territory of Georgia [1,2,3]. Ten deep boreholes located basically on the main geo-plate and open
deep aquifers. These wells as sensitive strain-meters recorded all kinds of deformation caused by exogenous
(atmospheric pressure, tidal variations and season variation), as well as endogenous processes. During observation on
the territory of Georgia has observed various anomalies by water level before seismic events [4,5]. Revealing of the
mechanism of interrelation between the deformation processes, forestall strong earthquakes, and a hydrodynamic
variation of underground waters, would allow to explain such preliminary behavior of hydrodynamic effects and to
develop scientifically proven methods of the forecast of earthquakes.

Key words: Hydrodynamic field, earthquake indicator.

The article contain information about several hydrodynamic anomalies were observed during
earthquake (2022, Mag>4) in Georgia on the multiparametric monitoring network of M. Nodia institute of
Geophysics. Data were analyzed by the special program which gives possibility to exclude the influence of
geological factors by the common value of tidal variations. Was analyzed reaction of parameters to the
earthquake preparation process.

Measuring on all stations is taken every one minute. For data recording we use datalogger XR5-SE-
M and the program LogXR. Data transferring is made by GSM modules Siemens and Wavecom-type. Data
processing and figures creation is realized by program StationsMany [6].

Let us consider the changes in parameters during the preparation of the earthquakes for Mag>4 (in the
period from 01.01.2021 to 31.07.2022 for four stations.

1. Earthquake in City Dmanisi - South-West - 26km. Village Sameba-9km. 13.02.2022 18:25, Mag
= 6.1, Depth = 10km.
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Fig.1. a - Water level, atmospheric pressure and tidal variations at the Oni borehole. Vertical line marks an
earthquake. b- Hydrodynamic Response.
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Fig.2. a - Water level, atmospheric pressure and tidal variations at the Nakalakevi borehole. Vertical line
marks an earthquake. b- Hydrodynamic Response.

The first of them - "Oni", is located 165 km from the epicenter, the second, "Nakalakevi", is located
64km from the epicenter.
Anomaly was revealed on “Oni” and “Nakalakevi” stations before 13 February 2022 earthquakes, 14
days earlier. Anomalous change of water level can be seen on the graph (Fig.1 a, b and Fig. 2 a, b). The
duration of the anomalous period is fixed on figure.

2. Earthquake in City Vani - South-East - 18km. Resort Sairme-6km. 15.03.2022 12:25 Mag=4.8,
Depth=13 km.
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Fig.3. a - Water level, atmospheric pressure and tidal variations at the Oni borehole. Vertical line marks an
earthquake. b- Hydrodynamic Response.

In Oni, which is 87 km away from the epicenter, we observed an anomaly that continued for 10 days.
The duration of the anomalous period is fixed on figure.
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Fig. 4. a - Water level, atmospheric pressure and tidal variations at the Nakalakevi borehole. Vertical line
marks an earthquake. b- Hydrodynamic Response.
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Anomaly was observed in Nakalakevi borehole 10 days earlier before event of 15 March 2022. The
Earthquake occurred in 86 km far from a station.

3. Earthquake in City Dmanisi - South-West - 26km. Village Sameba - S8km. 14.05.2022 17:14
Mag=4.4, Depth=9km.
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Fig.5. a - Water level, atmospheric pressure and tidal variations at the Ajameti borehole. Vertical line marks
an earthquake. b- Hydrodynamic Response.

At Ajameti station anomaly behavior was 7 day earlier before the earthquake and continued for 3
days. Earthquake epicenter was located in 143 km far from the station.
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Fig. 6. a - Water level, atmospheric pressure and tidal variations at the Nakalakevi borehole. Vertical line
marks an earthquake. b- Hydrodynamic Response.

In Nakalakevi, which is 55 km away from the epicenter, we observed an anomaly that continued for 10
days.
4. Earthquake in City Dmanisi - South-West - 25km. Village Sameba - 9km 11. 07.2022 03:36,
Mag=4.4, Depth=10km, Georgia

Ajamett: Lated2.187 Longed2.791 - — R ey

Fig.7. a - Water level, atmospheric pressure and tidal variations at the Ajameti borehole. Vertical line marks
an earthquake. b- Hydrodynamic Response.
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Anomaly was revealed on Ajameti Station before 11 July 2022 earthquake, 7 days earlier and
continued 2 days long. The earthquake was in 146 km distance from the station.

Conclusion

Results of data analysis demonstrate the informatively of water level as an indicator of tectonic
activity.

Variations in hydrodynamic parameters are caused by the earth stress. During normal period it
change according tidal variation and has “background” value. Before seismic event character of variation
changed above “background” value, as indicator of tectonic activity. During the observed time period were
fixed earthquake with Magnitude >4, between 50-170 km from the station, occurred on the territory of
Caucasus.
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SEISMIC EVENTS CAUSED BY WATER RESERVOIRS OF GEORGIA

lordanishvili K., lordanishvili I., Iremashvili 1., Kandelaki N., Bilanishvili L.

Tsotne Mirtskhulava Water Management Institute of the Georgian Technical University, Thilisi, Georgia

Abstract. The article analyzes the seismic phenomena provoked by the mountain reservoirs of the world (the so-called
"caused seismicity"). The geomorphological conditions of the territory of Georgia and reservoirs with high dams are
discussed. The main factors of the possible occurrence and development of "seismicity" caused by these reservoirs are
named, namely: tectonic activity in the area, the mass of sediment and water accumulated in the reservoir, the dynamics
of the reservoir level, water depth and hypsometric zoning of the territory. The earthquakes provoked by the Enguri
reservoir, which were noticed in the first year of its operation, are analyzed.
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THE STATISTICAL ANALYSIS OF THE 2020-2021 MINUTELY RECORD
OF THE MAGNETIC FIELD COMPONENTS AT THE DUSHETI
GEOMAGNETIC OBSERVATORY

Kiria T., Nikolaishvili M., Chkhaidze T., Mebaghishvili N.

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

Abstract. The paper considers the statistical parameters of the magnetic field components recorded minutely in 2020-
2021 at the Dusheti Geomagnetic Observatory. Strong anomalous episodes were distinguished in the period of May-
June 2020-2021 and different processes were observed in the components. The X coefficient was stationary in time and
Z coefficient, on the contrary, was characterized with non-stationary nature since the values of the main statistical
parameters were unstable. The test for normal distribution for all three coefficients gave us a negative answer. As the
main components of the magnetic field, they periodically showed weak and strong anomalies. To some extent, these
processes were characterized with alternating regularity.

Key words: Magnetic field components, statistical analysis
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ANALYSIS OF SOLAR ACTIVITY WITH SPECTRAL AND RECURRENCE
METHODS

Burdiladze L., Kobaidze D.

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

Abstract. In this paper, we processed one of the indices of solar activity, Wolf Number (Relative Sunspot Number),
using the following data analysis methods: Fourier Analysis, Wavelet Analysis, Hilbert-Huang Analysis and Recurrence
Quantification Analysis (RQA). Spectral analysis methods have found the well-known solar activity period of 11 years
and longer periods as well. Compared to the Fourier and Wavelet Analysis methods, the Hilbert-Huang Transform
found quantitatively more and shorter periods. We investigated the dynamics of solar activity with several ROA
measures. During solar activity, phase transitions have been observed that coincide with the minimum of activity.
Analyzing the 21st century data, a new minimum has been observed, which will not be similar to the Maunder
minimum. Wolf’s number data has been taken from the SILSO world database centre.

Keywords: Solar Activity, Wolf’s number, Spectral analysis, Recurrence Quantification Analysis (ROA)
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Abstract: Magnetic field measurments in Earth's magnetosheath are analyzed in this work. Two configurations of its
interaction with solar wind are compared: in one case bow shock normal is quasiparallel to the magnetic field, and in
another it's quasiperpendicular. Comparing their multifractal spectra showed that turbulance is more multifractal that
in quasiparallel case.
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SYSTEM RELIABILITY ASSESSMENT TASK USING MONTE CARLO
METHOD
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and the analytically calculated probability are quite close. It is established that the Monte-Carlo method is one of the
best methods in the tasks of preliminary modeling of various processes.
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MATHEMATICAL MODELING OF SOME PROBLEMS OF THE SEA AND
ATMOSPHERIC DYNAMICS AND IMPURITY DISTRIBUTION

Kukhalashvili V.

M. Nodia Institute of Geophysics of I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

Abstract. Currently, the study of hydrothermodynamic and ecological processes taking place in the natural
environment, their monitoring and forecasting are gaining great relevance and are a necessary condition for the
sustainable development of society. The present article presents some results of mathematical modeling of the
hydrodynamic and impurity diffusion processes in the atmosphere of the Georgian sector of the Black Sea and Tbilisi
and its surroundings. For this purpose, the numerical models of the dynamics of the Black Sea and the atmosphere are
used, with which the advection-diffusion models of the distribution of impurities are coupled. The models of the
dynamics of the sea and the atmosphere are based on the full systems of the equations of the dynamics of the ocean and
the atmosphere in the hydrostatic approximation, and the models of the distribution of impurities are based on the non-
stationary advection-diffusion equations.

Keywords. Black Sea, system of equations, circulation, numerical modeling.
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INVESTIGATION OF FLOODING EVENT iMPACT ON TERRITORIAL
PLANNING IN THE SHAKI DiSTRICT

Artunov N.
Institute of Geography, Azerbaijan
nofel.ertunov@gmail.com

Abstract. In the article, the impact of natural disasters on regional planning in the Sheki region has been studied. It was
determined that flood events have the greatest influence in the research region. The villages and localities where
natural disasters occurred were studied, the degree of its impact, the number of the affected population and the number
of families were studied. The flooding effect on agriculture, farmland and livestock were analyzed, scale and areas of
villages and places were calculated. During the research, the information of the Ministry of Emergency Situations and
the State Statistics Committee was used and a corresponding map was prepared. At the end relevant suggestions were
given.

Keywords : natural hazards, territorial planning, Shaki district, Greater Caucasus, flooding

Introduction

Settlement of the population, development of agricultural areas and the application of modern
technology in territorial planning reduce natural disasters, but at the same time they also affect their
increase(Chaudhary, M.T.; Piracha, 2021). As a result, the areas affected by natural disasters are expanding,
the number, scale, type, power and intensity of recurrence of risky areas are increasing as well. (Linnerooth-
Bayer, Amendola, 2000) Sheki-Zagatala economic region is one of the most affected territories by natural
disasters in our Republic. (Nazarov E, 2011) In this region where all types of natural disasters, including
flood, inundation, landslide and earthquake events are frequently observed. Currently, 171 settlements with a
population of 400,000 people, including 55,000 or 55.8% of the 98,000 families in the region, are at risk of
flooding. (Pashayev.N. , p 58) The Shaki region is the most affected by natural disasters and the highest level
of damage is recorded. At the same time, Sheki is the political and economic center of the region that
increases the urgency of this problem. The largest rivers of the Greater Caucasus flow into the region lead to
an increase in damage. 29 villages in Sheki district (including Sheki city) are flooded, which accounts for
41.2% of rural areas. Flooding events in the area have extensively damaged the economy and social
infrastructure of the region during the various periods. The most serious and dangerous incidents were
recorded in the city itself. In the city during a flood event, overflow of sewage systems and leaks into the
streets, flooding of residential areas and catering facilities; in riverside settlements in areas where floods
occur in rural areas damage agriculture, farmland and livestock.

Material and Methods

Figure 1.

Tutal area (ha) Flovded area %o

(ha)
Crop land 69596 188185 27.1

Summer 55731 01535 161
pastures
Forest field 40160 117403 203

Flooding influence on agriculture and forest areas
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The greatest and most severe damage was caused to forest and cultivated areas. (Figure 1.) This
constitutes 56.4% of the total area. Together with summer pastures, 72.8% of the area is exposed to flooding.
Considering that the bulk of the Sheki region's economy and most of the population's income comes from
agriculture, this is a huge figure for the district. There are different forms of damage, flooding of arable land,
planting and other products fall into disrepair.

. L Distanc Existi | [100d-
Height indicato affecte
Name above Total Flooded r per e from Populat ng d o
sea level area area cent (%) Fhe ton famili familie
river es s
Bash Kungut 850 103.071 55.725 54.1 200 1498 380 130 342
Bash Layisky 1030 155.3 80.4 51.8 650 2184 337 310 92
Shin 1010 78.1 39.3 50.3 270 1543 325 325 100
Bash Goynuk 850 322.2 150.6 46.7 440 7597 1548 825 53.3
Kish 1175 224.9 103.4 46 130 6687 1348 1348 100
Okhud 900 227.3 101 44.4 400 4825 1100 794 72.2
Baltali 325 260.2 109.6 42.1 900 2051 460 400 86.9
Varazat 850 63.9 26.8 41.9 35 1790 349 125 35.8
Gudula 240 116.5 47.5 40.8 60 621 184 172 93.5
Baggal 420 28.9 11.7 40.5 160 528 122 73 59.8
Ashaghi Shabalid 525 66.9 26.4 39.5 940 672 140 137 97.8
Bash Zayzid 800 220.9 74.3 33.6 0 4788 1007 795 78.9
Gorkhmug 325 212.5 63.9 30.1 460 4853 1000 820 82
Ashaghi Kungut 420 235.7 64.4 27.3 160 1358 465 265 57
Junud 650 67.1 18.3 273 30 1010 190 136 71.6
Kondalan 655 45 12.1 26.9 170 844 169 132 78.1
Bidayiz 650 134.7 354 26.3 200 1278 280 138 49.3
Inja 500 59.4 15.4 25.9 0 1355 308 274 89
Zunud 600 90.1 23 25.5 130 1339 272 147 54
Bash Kaldag 900 61.6 15.7 25.5 210 1053 259 47 18.1
Bash Shabalid 800 53.9 12.8 23.7 0 871 183 175 95.6
Shaki city 500 15851 374.1 23.6 300 62965 13732 13136 93.6
Ikinji Bilojik 300 150 33.6 223 200 1198 263 154 58.5
Gumukh 500 59.3 12.8 21.6 230 4853 25 25 100
Ashaghi Kaldag 445 20.7 4.4 213 270 96 24 19 792
Oraban 850 69 12.1 17.5 700 1069 233 68 29.2
Orta Zayzid 500 219 37.9 17.3 130 3035 825 417 50.5
Birinci Bilajik 315 120 18.6 15.5 240 1500 331 125 37.8
Babaratma 225 70.1 7.2 10.3 350 319 62 46 74.2
Total 5120.671 153?'32 123780 24169 21558

Villages affected by flooding process between 2000-2017 years.

Ministry of Emergency Situations and the State Statistics Committee ASSC 2009.

The table above shows flood events that have hit the area for 17 years. Villages and settlements affected
by floods and inundations, depending on their distance to the rivers, the number of affected populations, as
well as the number of families, were generally identified as flooded areas. The highest incidence was
recorded in rivers and nearby villages, where floods with high cone levels were observed. Sometimes these
floods account for 40-50% of the total flood area. Similarly, this leads to an increase in the number of
affected people as well. After the outbreak of floods in the area surveyed, the number of people affected and
the damage has been determined.
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Methodolgy

In this paper, we have used the following research methods. Based on these research methods we
have determined major flooding areas where people suffered recorded with high damage. A survey of
literature of natural hazards on territorial planning and its economic influence have been reviewed. Thus,
the report analyses and estimates the hazard, vulnerability and risk based on the historical events that have
impacted the region over the last 17 years (2000 to 2017). In this study, the intent is to quantify the risk
directly based on recorded historical losses. This approach is much simpler than the standard probabilistic
methods but provides reliable estimates so long as records cover a sufficient period
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Flooding impact and their grades in Sheki district (Prepared based on Ministry of Emergency Situations and
the State Statistics Committee ASSC 2009).

Conclusion
In Seki, floodings cause serious damage to the region, amounting to 4-5% (about 30 million manats) of GDP
(gross domestic product) of the district. It is a very high ranking. Although there has been a significant
reduction in flooding process with the implementation of the measures by the authorities, it is insufficient for
territory. However, the damage may be reduced or minimized. The following suggestions may be considered
for this purpose.

o Conducting of dams in rivers with high discharge cones.

e Deepening of the bed of the river (this should be done regularly).

e Awareness-raising activities among the population.

e Forecasting of floods and inundation that can be made by modern programs.
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ASSESSMENT OF POTENTIAL OF WATER RESOURCES IN
DEDOPLISTSKARO MUNICIPALITY

Davitashvili M., Berdzenishvili N., Margalitashvili D., Berdzenishvili N.
lakob Gogebashvili Telavi State University, Telavi, Georgia

Abstract: The evaluation of potential of water resources, distribution, and determination of water safety in
Dedoplistskaro municipality of Kakheti region are discussed in this paper. There is a severe shortage of water due to
global warming, the water level has dropped sharply, and therefore the water quality has also deteriorated. The change
in chemical indicators of drinking water was evaluated based on the data of five years, more specifically from 2017 to
2021. In 2017, the deviation from the norm of the chemical composition of drinking water was recorded in 8 analyses;
Out of 515 samples taken during 2021, only 4 analyzes showed a deviation from the norm of the turbidity index. The
tendency is changing for the better, but the problem remains. The main reason for this is the change of climatic
conditions in all four seasons, which is manifested in abundant precipitation in the form of snow and rain.

Key words: water resources, turbidity index, global warming, water security.
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THE IMPORTANCE OF RELIEF OF MOUNTAINOUS LANDSCAPES IN
THE PROCESS OF RADIONUCLIDE CONTAMINATION OF
PHYTOCENOSIS

*Shubitidze M.N, *Ivanishvili N.I, **Salukvadze E.D, *Gogebashvili M.E, *Kvashilava T.Z.

*[. Beritashvili Center of Experimental Biomedicine, Radiation Safety Problems Laboratory, Thilisi, Georgia
**[ Javakhishvili State University of Thilisi, V. Bagrationi Institute of Geography, Thilisi, Georgia

Abstract. The increased radiation threats in the world require a more detailed study, taking into account the specificity
of the landscapes during the remote migration of radionuclides. From this point of view, two large groups can be
distinguished: mountainous and plain landscapes. If the horizontal spread of radionuclide contamination as a result of
atmospheric transport and landscape sorption processes are the leading factors in the conditions of plain landscapes,
the vertical migration factor is added to these processes for mountainous regions. In addition, the vertical zoning of
mountainous regions determines not only landscape features but also temperature regime, precipitation intensity and
form, degree of insolation, and stepwise changes in phytocenoses. It is natural that, in the conditions of such a variety
of factors, the study of the distribution of radionuclide-contaminated spots requires individual approaches to
adequately carry out ecological monitoring of high mountain areas. For this purpose, an analysis was carried out and
a list of the factors influencing the migration of radionuclides in the ecosystems of the steep slopes, depending on the
landscape features of the mountainous regions, was made.

Key words: radionuclides, phytocenoses, vertical zonation

In this modern era of increasing nuclear energy use and an acceleration in the construction of nuclear
power stations, researchers of ecological security in their respective regions need to implement new scientific
approaches [1]. The introduction of nuclear technologies is naturally accompanied by the dispersion of a
certain amount of artificial radioactive elements into the environment, and in some cases - as a result of
human technogenic activity - changes in the rates of migration of dangerous radionuclides [2]. Artificial
radionuclides entering the biosphere actively participate in the migration processes of chemical substances
occurring in nature. The interest in studying the regularities of radionuclide migration in ecosystems is
primarily due to the fact that radionuclides are a source of ionizing radiation, they represent a definite threat
to the environment as a whole and, therefore, to human health. In this aspect, the study of possible
radionuclide pollution particularity, concerning radioecological safety - taking into account the specificity of
the landscapes of different countries - is appropriate both at the transnational and national levels [3].

Unlike other countries in the region, Georgia is not among those currently utilizing nuclear energy,
however, if we take into account its geolocation, hazards to radio-ecological safety are increasing every year.
The man-made disasters at the Chernobyl and Fukushima nuclear power plants have shown us that the
migration of radionuclides produced as a result of an accident can spread over long distances. The current
situation in our neighboring countries further aggravates the above-mentioned situation, which is manifested
in the fact that: the period of operation of the Armenian nuclear plant has been extended; in Russia, on the
territory adjacent to the country's borders, an additional two new power units are already operating at the
Rostov nuclear power plant; according to the Russian project, the construction and commissioning of four
power units in Turkey have also begun. The number of high-risk factors also includes radiation hazards
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caused by damage to such facilities as a result of military conflicts in the territory of countries with nuclear
energy - the example of Ukraine [4]. If we take into account the fact that the construction of nuclear facilities
is entering a new stage worldwide, and at the same time, a politically unstable situation is being created, the
danger of increasing nuclear security risks for Georgia becomes clear. Artificial radionuclides, as sources of
ionizing radiation, often do not cause noticeable changes directly at their site of entry into the environment,
however, as a result of radioecological processes, they migrate and accumulate in separate rings of ecosys-
tems (radioecological concentration). In this regard, the ecosystems of mountainous regions are of particular
interest where, alongside generally accepted forms of radionuclide migration, migration processes determi-
ned by the specificity of mountain landscapes can be observed. Based on the above-stated factors, the study
of the particularity of radiation pollution in the ecosystems of the mountainous regions of Georgia is an
important scientific and practical task.

The issue of radionuclides spreading on soil and vegetation appears to be such an urgent ecological
problem that it requires the development of effective nature-protection measures in order to reduce
ecological risks for the population. The traditional content of the research conducted in this regard includes
the study of the content of radioisotopes in the soil-vegetation cover to determine particularly dangerous
landscapes from a radioecological point of view. The distribution of radionuclides in the territory of Georgia
is mainly carried out by atmospheric means. The atmospheric source of their introduction to the soil-
vegetation cover is often the initial link of migration, which, in turn, directly creates a prerequisite for the
pollution of territories and water ecosystems. The migration of radionuclides deposited from the atmosphere
into the soil-vegetation cover and their participation in the biogeochemical cycle of substance circulation
depends on specific landscape conditions. As is known, in the complex chain of biogeocenosis systems, the
soil is an important link in which toxic components scattered on land are included (encompassed). The high
absorption capacity of the soil to radionuclides leads to the accumulation of these toxic substances in the
upper horizons of the soil.

Table 1. Zonation of the territory of Georgia according to altitude

N2 Bmbada @abazengo smdmbazengo LagdasfMmorzgenm
Lodsmanaadob Ladoamorzoanm bajofmozaenm doranosbmdado
daby3no

302 % 392 % 302 %

- § 0-200 7673,2 24,0 2822 08 7955,4 114

2 200-400 2464.,5 7.7 3405,7 9,0 5870,3 8.4

3 400-600 2104,6 6.6 42451 11,3 6349,7 9,2

4 600-1000 4009,8 12,6 7871,3 21,0 11881,1 17,1

s 1000-1400 a4144,7 13,0 5851,7 15,6 9996,4 14,5

6 1400-1800 4028,6 12,6 5708,1 15,2 9736,7 14,0

7 1800-2000 3089,6 9,7 4719,6 12,6 7809,2 11,2

3 2000-2600 24343 7.6 29338 7.8 5368,1 7.7

9 2600-3000 1303.,4 41 1737,7 a6 3041,1 44

10 3000-3500 4741 1,5 601,8 1.6 1075,9 1,5

11 3500-4000 165.,5 0,5 178.4 0,5 3439 0,5

12 4000-4500 31,6 0,1 24,8 - 56,4 0,1

13 4500-5000 5.1 = 4.7 - 9,8 -
xodnfa sofhono 31929.0 100 37564.9 100 694939 100
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Mountain landscapes differ from plain landscapes as a rule by great dynamism. They are chara-
cterized by intense erosive and gravitational processes, which, in the case of radiation pollution, increase the
probability of radioisotope migration processes in the ecosystems of the mentioned zone. Mountainous
regions react more acutely to atmospheric-climatic changes and are characterized by the diversity of
ecosystems. Therefore, the creation of a global database on mountain areas is vital for the implementation of
programs that lead to the security and sustainable development of mountain ecosystems. From this point of
view, the territory of Georgia is a good model of mountainous ecosystems, as can be seen from Table 1, most
of the territory of both eastern and western Georgia is characterized by the abundance of mountainous
landscapes. In addition, as a result of the accident at the Chernobyl nuclear power plant, the mountainous
regions of Georgia also fell into the zone of radionuclide contamination. Naturally, the specificity of the
mentioned landscapes is determined not only by the formation of radionuclide spots caused by the relief
particularity but also by the level of pollution of phytocenoses.

Keeping in mind the above-stated factors, the particularity of the distribution of radionuclides in
plain and mountain ecosystems should be clearly distinguished.

To study the latter issue, it is necessary to use an indicator reflecting the state of the ecosystem,
which will record the negative impact of such factors on it. Based on the determination of radiocaesium
content and radiocapacity parameters, it is possible to assess the state of biotypes in ecosystems [5]. For
example, the dynamics of radiocesium absorption by a plant, which presents a potassium analog, can reflect
the radiation state of the plant. The main factors determining the level of accumulation of radionuclides in
plants are: Physico-chemical forms of radionuclides, ways of penetration and vertical distribution of
radionuclides in soil, agrochemical characteristics of soil, the particularity of plant metabolism [6], etc. Thus,
by the presence of radiocesium in plant tissues, we can judge the radiation pollution of a specific area of the
studied landscape. In order to determine the possible role of the topography of specific landscapes in the
processes of radioisotope contamination, an important issue is the selection of the above-mentioned marker
plants that grow in a specific place for a long time. For this study, a typical perennial plant pine of the study
region was used. As can be seen in fig. 1, in the pine organs, with the radionuclide content criterion, a clear
relationship with the relief is observed which is manifested in the fact that the minimum value of the studied
criterion is recorded in the watershed zone, and the maximum value is at the lower threshold of the slope.
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Fig. 1 Radiocesium content in pine structure in organs in relation to relief.
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1-watershed; 2- upper slope; 3- terrain; 4-lower slope; 5- the lower limit of the slope

According to the mentioned experimental data, it is clear that during the destructive events
characteristic of different types of mountainous terrain, a favorable situation for radiation concentration is
created when soil and inert material contaminated with radionuclides accumulate in the lower part of the
zone.
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activity of absorbed cesium in relation to total contamination - %

Fig. 2. 1-watershed; 2- upper slope; 3- terrain; 4-lower slope; 5- the lower limit of the slope
(the trend is displayed with a dotted line)

Thus, if we summarize the above-mentioned data, the specificity of the radiation pollution dynamics
of mountainous regions is expressed not only by the different nature of the distribution of radionuclide
pollution according to the mountain slopes but also by the nature of their accumulation in specific
ecosystems, namely; the landscape-geochemical structures of the location affect the character of primary and
secondary distribution of radioactive elements - they are transferred from the zone of primary contamination
and accumulate in geochemical and landscape barriers. Naturally, the concentration of radionuclides in
relatively small areas of localization creates a real picture of the formation of radionuclide contamination
spots, which represent a dangerous level of radiation pollution. This model of distribution refers to the form
of atmospheric migration of radionuclides. The tragic experience of past years has shown the relatively low
intensity of atmospheric migration processes, in particular, during the global dispersion of radionuclides in
the atmosphere 10 years after the start of the nuclear explosion the content of radionuclides in automorphic
forest landscapes decreased by only 2 times, while the same characteristic in accumulation landscapes
increased significantly [7].

Conclusions

1. The data obtained on the basis of the conducted analysis indicate the specific forms of radiation pollution
in the mountainous regions of Georgia, which, in turn, require individual approaches when predicting
possible results in the case of long-distance atmospheric transport of radionuclides.

2. By determining the parameters of radiocesium content in mountain ecosystems, it is possible to judge the
radiation pollution of a specific area of the studied landscape.
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EVALUATION OF THE DYNAMIC CHANGE OF RADIONUCLIDE
CONTAMINATION OF THE CHERNOBYL DISASTER, ON THE
EXAMPLE OF THE SOILS OF WESTERN GEORGIA

Matiashvili S., Chankseliani Z., Mepharidze E.

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

Abstract. 31 years after the Chernobyl accident - that is, after the contamination of the country's territory with man-
made radionuclides. The mentioned research is important for the entire territory of the country, especially in active
three-phase regions (mainly from sea level to 1000 meters) and above - for example, orchards, grain and vegetable
crops. Radioactive safety of agricultural crops is the most important priority for the population. The possibility of
practical application of the obtained results is reflected in specific approaches to finally prevent the "ecological
disaster" and for the safety of the population. It will be an important basis for the production of biologically clean
products (for agro-bioproduction) and for increasing the volume of export products. The method developed by us and
the given recommendations are used in practice and the country avoids radiation exposure.

Key words: Soil, ecology, radiation.
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PROBLEMS OF CONTAMINATION OF THE RED SOILS OF THE
COASTAL ADJARA PLAIN AND THE OFFSPRING OF THE COLCHIC
FOREST OF THE FOOTHILLS

Abuladze T., Gvarishvili N., Kiknadze N.

Batumi Shota Rustaveli State University, Batumi, Georgia

Absrtact. The agrochemical and multi-elemental research of the red soils of the Gonio-Sarpi section of the coastal plain
of Adjara and the background study of the ecosystems of the Colchic forest developed on the surrounding slopes have
been carried out. The forests developed on the Gonio-Sarpi plain and slopes are polydominant. Studies have shown
that the vegetation communities present in the Colchic type forest of the Gonio-Sarpi section are mainly composed of
deciduous species. It is established that the reaction of red soils is acidic. The rate of exchange acidity is the lowest in
red soil under mandarin (2., and the highest - in virgin soil. The studied soils are poor in total humus (0.8-1.7%), total
nitrogen is 2-5% of the total humus content. Among the macro- and semi-micro elements, Al, Fe, Si dominate according
to their content. K, Ca, Mg, P are the least of the macroelements necessary for the plant. Among the microelements, the
concentration of Cu, Cd, Pb in the soils exceeds Maximum Permissible Concentration (MPC), which indicates chemical
pollution of these soils.

Keywords: red soils, offspring, foothills, pollution.
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REGENERATION OF SOILS CONTAMINATED WITH HEAVY METALS
IN SERAUNDING AREAS OF UNCONTROLLED LANDFILLS USING
CLINOPTILOLITE

Shubladze E.

Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia

Abstract. The paper discusses the content of heavy metals in the soils of the uncontrolled landfills of Samtskhe-
Javakheti and Kakheti regions before and after sorbent treatment.Natural zeolite-clinoptilolite obtained in Georgia,
which is characterized by high mechanical strength, chemical stability, porosity, absorption and ion exchange capacity,
was selected as a sorbent. The purpose of using this sorbent was to reduce the content of heavy metals in uncontrolled
landfills in some regions of Georgia.

As a result of treatment with Georgian sorbent, the contents of heavy metals in the soil of natural landfills of Samtskhe-
Javakheti and Kakheti regions decreased, in particular, in 3 cases the content of copper decreased to 79%, zinc to 56%.
Only in 1 case (Aspindza landfill area) lead concentration decreased by 78%.

Keywords: uncontrolled landfills, heavy metals, clinoptilolite.
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STUDY OF THE CENTERS OF POLLUTION OF FLOWING RIVERS IN POPULATED AREAS
OF ADJARA

Kipiani G. Darchidze G.

Georgian Technical University, Tbilisi, Georgia

Abstract. "Clean water", the main environmental challenge for the world community, is also an urgent issue for
Georgia. As much as our country is distinguished by the abundance of small rivers, it is distinguished by the number of
their pollution centers. In this regard, the Adjara region is no exception, water sources are being investigated in the
entire territory of the region. To date, more than 150 surface rivers or streams have been studied, in almost a third of
which a landfill of household waste was found, and in more than half, bacteriological pollution was found. This topic
will concern the work of finding these pollution centers.

Keywords: Waste, water source, research, Adjara region.
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A COMPLETE STUDY OF THE BED OF THE "TIBETA WATER" RIVER
IN THE VILLAGE OF TIBETA IN THE ADJARA REGION TO IDENTIFY
THE SOURCE OF E.COLI CONTAMINATION

Darchidze G., Chkhubiani D.

Georgian Technical University, Thilisi, Georgia

Abstract. Recent studies confirm cattle and goats can contaminate water resources with E.coli, just like humans. It
turns out to be cleaned from animal waste as well as from anthropological waste. The current article is about finding
the source of this pollution and selecting cleaning options, as part of the Rural Ajara Water Supply and Wastewater
Treatment Program, a complete study of the river bed selected for water supply in the village of Tibeta, Keda
Municipality, Adjara.

Keywords: Waste, contamination, research.

Introduction

Within the framework of the program, a seasonal investigation of water quality (water sampling for
laboratory analysis) was carried out for the sources of the project villages. During the investigation of the
source of Tibeta village, water contamination with E. coli bacteria was revealed. Contamination was
observed repeatedly during the summer dry period of 2021 and 2022 (see Figure 1). For the first time
(27.08.2021), after receiving the laboratory results, sampling was repeated (09.09.2022), but no
contamination was detected, which is why the mentioned contamination was assessed as one-time
contamination. The second time (11.08.2022) when the results showed water contamination with E. coli
bacteria - again in August, it was clear that the water was periodically contaminated (in hot weather
conditions).

Therefore, a detailed study of the poor condition of the river was conducted to determine the source
of the pollution.
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Fig. 1. Schedule of the quantity of E. coli bacteria in water during the year.

The study of the river bed included:
e visual inspection of the entire river bed;
e  Water sampling on river tributaries.
The first study was done on 29.08.2022 (Table 1).
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Tibeta water originates at an altitude of 1300 meters a.s.l. and flows through a wooded valley with a
length of 5.1 km. In the main period of the year, it is fed by underground water. During the rainy season,
it is fed by rain and melting snow.

In some sections, it has a substantially deep riverbed and forms a canyon-like valley; there are
several not accessible sections in the riverbed.

The mentioned river is the only one in the vicinity and nearby villages (Sabaduri, Kantauri, Abuketa
and Tibeta) and is used for irrigation and drinking. There are 4 intake facilities of the irrigation network
on the river. The river has 1 right and 3 left tributaries, which are formed from groundwater (Table 2).

The cause of pollution could not be identified by visual inspection. Therefore, the tributaries of the
river and existing water intake facilities were considered as possible sources of pollution (the intakes can
cause the formation of water pools and boggy territories. Consequently can result in water pollution).
During the study of the river, 7 units of bacteriological samples were taken at the following locations
(Table 1).

Table 1. Laboratory studies conducted during the initial study.

Allowed limit Laboratory
# Description (units/300 analysis Note
ml) (units/300 ml)
| Water intake of the Tibeta river 10000 9500 Near thp a.lllowed

limit

) The left tributary (T‘satskhvnar'l Ghele) 10000 2400 Under the 'allowed
(before connection to the river) limit

3 The right tributary .(Bablakanl' Ghele) (before 10000 700000 Above the 'allowed
connection to the river) limit

4 The left tributary .(w1th0ut a pame) (before 10000 2400 Under the .allowed
connection to the river) limit

5 Approx 10 meters be.f.orc'e thé intake structure 10000 2400 Under the .allowed
of the Kantaruri irrigation network limit

6 Approx. 10 rneters. z'lfter the irrigation ' 10000 2400 Under the .allowed
network intake facility of the Kantaruri limit

7 The project intake Lgcatlon (repeated 10000 7000 Under the .allowed
analysis) limit

Legend: - Main river; - Tributaries; @ - Pollution by E.coli under the limit; @ Close to the

limit value of pollution E.coli; 9— Pollution by E.coli above the limit.

Fig. 2. Map of the River bed, tributaries and sampling points for laboratory analysis.
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Location N1 - Water intake of the Tibeta river

Location N2 - Tsatskhvnari Ghele

Fig. 2. Pictures of simple taking locations.
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Results of sampling revealed that the right tributary (location #3, see Figure was
contaminated with a high level of E. coli. On September 12" 2022, there was conducted a detailed
investigation of mentioned tributary and only one source of pollution was identified. In that location,
the tributary is crossing the road on the place where cattle from villages Sabaduri and Kantauri are
drinking water during the hot weather periods (as the local population has explained).

Fig. 3. Identified possible sources of pollution (waste of cows).

Conclusion

The study identified only one possible (above-mentioned) source of contamination (location
#3). From this study, we can conclude that the risk of contamination exists every summer and
autumn. That’s why some activities must be executed to prevent contamination.

There is no possibility to fence the location because it is on the road. After analyzing
different possible solutions, the following two were proposed:

Installation of additional chlorination equipment, on the transmission main between the
project intake and reservoir. Equipment will work only in periods when the risk of contamination
exists. The negative side of this solution is the fact that there is no electricity on site; additional
expenses; difficult access road to the site.

Construction of road crossing by pipe (see Figure 5). The solution is not expensive and
doesn’t need additional maintenance (only a few times per year cleaning from sedimentation). It will

protect water from waste and limit the risk of contamination.
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Layout of water protection installment

Section 1-1
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Fig. 4. Scheme of the road crossing.
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Fo0bstr0b fyargbdo, (Heageati by, obg @s80bd(98-9cm sg0e 98036 5m98:9¢ bobx 9800 stg 9Gor0
356b5B3690am0 300030069690 56 59053985 bO3GXIs© ©UsT398 3006396(93;05b @5 braBdol Rs6r-
30m9880s. A0bsk9980b fyscrol 8obgmserobsgos Jog3290936985 Jpotkg @ bsdwgserm dobytrserobotiy-

B829¢v0 [iyer8ob 350998 2005b.
56Agboremo s bsbdgero fgsteal fyengdo 809399026985  bmdogmo dobgmserobsgool (500-1000 G3/¢v)

djmby Pyemgdl; 356bs3909698000 3580006935 07539 Pysteals fysemo, bosg s0bodbgds fycrol bobobBob
(18.57 388.9d3/cn) G998 Y3-0056 J0056:0098530;  ©05806d79(989¢70 063(90096(998006 Tgoderngbs
35003900 sbHOL F0b69(H5¢mH0 3258980056 5IMmborFols 06980, Habgcrors J9dp3garmds o Fs890l
B3I ©sUsG390 302669095605l ©ssbarmgdoo -1.2-x96, b60AGOAIBOL G99339¢78s 30 - 132 3096,
609®3¢9980b 5 R3mbRsHIBOL H520906B5 5(i 950> G9000b393500 56 SMII3(9985 DLO3-U.

0360b0b 033930, [gs60b fysero 630 2-0b BIHOGHH05 B @5 5656 Jodstorryem98000 dgopszl E-coli, (-
OO 302¢P0RHFIL 5 R935¢790 bABISH309390L, Bsg bsds®039¢mmb 35660098¢nmdol dobgwogo0
56 3083985, beaemem Jgs39 figserdo 5 330760GI8ems J03680mermgonto Jsb39698¢n980b dobgwoz00
©s806079(908.

U533560m bodgg960: 896986030 fycmgbo, 306G 70d0s, 8036:800¢nmg0s, @3806049(%985.

dgbsgagmo

06906030 Fyargdol 93mdodommo s dB0MEWMYoMO dmbo@Gm®mobao JOHMI MmO Tglod-
W9OEMdSs, MMIOol Fysewmdomsi glodargdgaeros 53 Md0YJBHIOOL SMLYIMEO  §3MEIMAOVIMO
9 M3oMgmdoL 9dmfdgds. 2o69dmlb dmds330006909wo Lsgd®mbgs d0BAMEMmIdS, MOl T9IAWI3
930605 (035639d5) B0MIMOZSERgMM369ds, MMIolL #HgMIobol J3gd dmosBMYds ©gTofoby
0MLgdo LogmEbwol gm®mdgdol (33965M9900L, FbM39wgdolL s F03OMMMYI60DBIGdOL) G-
35 x3gMHM3690s. Y39wsBg 8dEszmo IMEYds 30 d0bsMmggdls s GHdYOby Im©ob. 9EH3bsMo
09gangdol gomboll Moisbgo 1970 {erol 8999y 81%-00 G0l 99d306MHgdo, o3 JOMOMOIPI©
fyarol 0bmlBHMmommo, LsbmRE™-BsdgMObgm s Loymzsabmz®mgdm doBbgdom gsdmygbgdols
990900 (https://on.ge/story/19754-%E1%83%A0%E1%83%90). 5060860 36H:mdwqds 3obbs3Mmegdom
96039369c0m35600 LodoMr039wMLMZ0L, MroED 3651369 39M0MPA0 LHYMIBMOWOIPIE Yo0BIM-
5 Bogdommzgeml 93mbol¢gdgdbyg sbmMM3MygbrMo Bgdmddgwgdol bsobosmo s 0b@Egblogmd.,
50539 ©©6OHML 36033690m3bs IM0To@s dmbobegmdsdo Logmbwobsmgol domswo Goligol ddmby
055350090900l M5MEYbMdT.
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L5gIMH5MIOMS IM0Tbsbom B0BINMGdS LodsMmggarmdo, Ms3Fo-¢ghbrmdols o J3gdm Lgs-
Bgool Hgaombdo, Lsss smgmwo Fargdol dsbdow By J0dEobsMIMds MOdbIBOL obgdol
9dmm3m3905, 250000853905 O ©M0IBBTYI3390 bsgMmgdol HomBdmgds. ®golsmzol mMmogzy
LodOM 93MbLYMZ90E0s S IMOTLIBOL FoMTMGds 56 bgds, Boa®sd I35 MomdYOL Jo0b3
B0  ©00bdNMHJdMmo Boosyd0. EYIg Lmgwgddo MMm30 @S 35BS LsdmmdodoMo
Jo6bbols BHaMo@mEm0sHg 0bsbgds LBsdFMms 39M0MmE0H 9dmMBIbowo sM0Tdbsbols fomdmgdol
3909390 ©sMBgbowo @mdbozm®o bsbgbgdol (4-9 % mgmemo sm0dbsbol 89d3ggeo 130 sosls
A™bsbg 9B0, MLOE 9dsBgds MHMLYmN0IL FgaMEHboo sMoliMmdom BHMbs MOdbIBIGI339Wwo
B56Bgbo T JmE0L, oo (30U §398 0dMdEIM0) OO 35MEH0gdo [1].

396L83MMOM  LEToIOMYdSL  FoMTMOYIBL  55T0BOL K SBIOM I MBdOLMZOL. 53539
©OML, 9B ©9a00Mb0 LodsMMN39W ML 9HM-9M00 1Ib0dzbqwMm3zs69L0 EMMOLEMEO MgyOmbos, Mo
960036936500 goblaBmzMogl 3o@oLEMMTOL dolidEsdgdl.

15330930 Bmbs s IgmmEgdo

6596mddo 306390 9BHO3DY ©s3JAF00s Mo Fs-ghbmdo s J39dm B3sbgmol Hgy0mbols
56MH0dbBOL 9053538539890 LoHoMTMgdol d0dEIO5MY GHIMOEGHMM0gODY 5MLYdMwo IEobs-
69900L (ebmbo s 3bgboLfiyseo), sOGHIBoMEo s Hgommb fywrgdol gob-JodorMo, 3ocm-
J030MH0 @5 F03MOMBOMEOMA0IMHO IHBILOSMYDS. IZIRTOWOs 5MgN39 BOsIYJOOLS o Lolivy®-
Loom  360HMm©d@gool  s®modbsbom  ©sd0bdmEmadol dglfogws. obobmmo  53m39Bgd0L  go-
©509393H0LsM30L MroFo-aghbdo s J3gdm LZsbgmol Mgaombdo 2022 ool o0gbolol m3z9do
Bo@oMs 300390 1539wy bsddsmgdo: dgMBgrmo oym dbxdMo3z0 {ywgdol Lobxgdols s®gdol
09HGH0wwgd0 Bmbmmo ©s ©sd0bdMMHGOMWO 5EAOWYI0E6. BsdMmddo 993h9MHgd0m Tbmem
0b906030 iy gdol sd0bdmEmgdol Lozombgdby, 39Gdm:

09ommb figoo, MEsgz0 2-0b GHgMHo@Em®m0sby (150-200 8 szowgdom);
900.c»bbo, MMo30 Hgs;

9. wbmbo, (LEMIMGBoOL 3930 100 3 OGO IdOM);

d5mM0b HgobsEego;

09gommb figoero 9000, (39656 oo MEgdom;

83539 Fgoo (Fgo6r), @gb@gbol bgzgoom;

90.(3bgbolfigocro, (3965 Bgs;

d0.(3bgbolifigocro, egb@Hgbol Jzgzoom.

® N WD

50909 Fyawolb bLobxgddo gobolsBmg®s: gobozMM-Jodom®o, 3oMmdodon®mo s do3-
HB0MLWMYP0MO0 356589G 900, 390dm©: pH, 9e09d@OMyod@s0™Mds, d0MmygbHo 6030096 gd9d0 -
NOz, NOs, NHs *, PO+*, do®oms@o 0mbgdo, 30bgmswmobBsos, 5005, Go@owmmmo 3mwmogm®dgodo,
E-coli oo 53935¢0m60 bB©g3GHm3m3gdo [2,3].

365¢0Bgd0 Bo@oM©s 0565d90MM39 9900M©YdoLs @S 335MGHIMOL godmygbgdoom, G-
9003 53959 zogdl s TJglodsdgds 93mm3me bEsbs®@GHgodl, 39MHdm:
1. 39 BHOMGMGHMIgGHOHMwo dgmmo - SPECORD 205  ISO 7150-1: 2010;
2. 9998656990 BowGHMozool Igmmeo - ISO 9308-1;  ISO 7899-2;
3. 3eoBINM-930L0wG0o b3gdEBHMMmIgEHMo - ICP-OES; Epa method 200.8;
4. L5399 3MOAEGHWWO 535MSEGs - Hanna Combo pH/EC/TDS/PPM Tester HI98129;
5. pH-39@®o - Milwaukee-Mi 150.

390092900L g96bogrgs
OMAMO3 PoG9M0ME0 5BseoBgdol 990098900 3306396908l d0bsMggdol pH dgMHygmdl 6.9 -

7.8-0b, berenm 5GE9H0o s FYomrmb Fywgdol - 6.5-8.0-0b gocmywgddo. 9bs 500bodbml, GmJ
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953539 9ol Hgommb sGob M9odEos 3oobmowos 85539 (6.5) Bodsbmwegdom, Bb3s fgoml Hgwg-
B0l 5M0L 959309 30 - GG 30O MEgdom (8.0). Fywolb pH goblsbrg®ma3L 96339-s0ygb0m

3039630swb s Jolbgs M0 fywrol mz0mYsfidgbwol Mbsto (sb.1, 2).

3bMoo 1. 15330930 0bsMYIO0L BoBOIZMEM-JodomMO s 30MMJ0ToGMO BBl Fgwgaqd0
- 03bolo, 2022.

wgbgbo
3bgbolfigs-

# | oba®yoogbido gﬁ?ggso (bbg);;ﬁ;f’()b 3bgbolfigscmo, o Fom®ol bog"

%y 1008 3965 bgs @3bGgbol | Hgsamlsgego

©30L)B0) 430800

X-360228 | X-358975 | X-345623 X-313988 | X-3340808

Y-4722971 | Y-4721438 | Y-4741481 | Y-4737237 | Y-4699495
1 | pH 6.9 78 7.0 75 7.4 6.5-8.5
2 | 0LAOOME0GOM. | 140 283 198 170

I?sms/cm
3 | 5005, dp/eo 2,17 178 2,48 1,42 145 6.0
4 | bobobgyg, dg.9dg/c | 2,02 2.38 3,68 2,67 2,39
5 | s8eborgdo, B/ 0,202 0,259 0,095 0,149 0,109 0,39
6 | Bogeodgdo, B/ | 0.069 0.069 0.010 0.030 0.045 33
7 | Bogeodgdo, B/ | 053 0.104 0.66 0.026 0.082 45
8 | 3obgsgdo, dp/e | 0.052 0.174 0.018 0.106 0.226 3,5
9 | byasdgdo, dp/e | 23.0 9.34 10.9 12.45 0.31 500
10 | JenmGogpo, dy/co | 3.1 0.34 2.3 0.20 0.17 350
11 | 8600, dy/cw 0,112 0.137 0.015 0.045 0.116
12 | gm0, dy/co 0.025 0.024 0,010 0.008 0.008
13 | 30ROMgOEMBGR0. | 4, 91.50 219.6 148,84 125,67
Gy

14 | goorio, Oy 10.0 0.90 5.0 0,55 0,65
15 | Bo@Momdo, 0/
16 | 30c0502990, dg/aw 25.6 32.42 64.1 38,70 33,07
17 | 85602990, B/ 8.8 9.29 5.8 8,96 9,01
18 g;ﬁm@"%%‘“ 186.7 143.87 308.9 201,71 168,97

DEI" - BO3OHMs© L3930 3mb3EIBEME0s BYI3omH o fgwol HgdbozmMo MgawsdgbEHol Tglodes-
9oL (LogoMMZgEMl F003MMBOL sYHIH0Wgds Ne425, 2013 ferols 31 3933960, J. M™dowrolo) [4]

OmamO3 3bO. 1-sb BBL, d0bstol fywgddo, HmymmE 3mby®o, oy sd0bdMHgd
5003090056 5093 Lobxgddo SOF JOHO FobLEBOZOMWO 3MB3MbgbE 0, 39MdMm, domgbm®o
6590900, J0MH0MIO 35000MmbJd0 O BoMbgdo @S Lb3s 96 509853 gds BLIOMIMO© L3390
30639635305l o bm®mIoL Gotywgddos. m®m039 dobseol yeols dobgemocoBszos dgMHygmdls
143.87 — 308.9, bmem om0l yowlozegol - 168.97 9/ gstaegddo, Moz 90s603690L 03By,
I 5060360 fyargdo 3093003690006 d30Mg (< 200 dp/e) s Ladoeerme  (200-500 dg/cn)
30696M5c0B0Mm9dwo {gugdol 353 9amOmosl [5].

2396Lb3539090 LMHSM0s sOEHJBOMEo s LLAgEo {ysmrml Fywgdol gob-JodomMo o
30MHMJodom®o 35639698900l dobgz00 (3bM. 2). 35BLs3MMEMId0m 25dm0MmBg3s 05539 Fystrcml
Dgowo, Looz 90060d6gds figawol LoboliGol (18.57 dy.9d3/w) B5@gds B3-msb 803s01009d5d0.
3000MHM3563Mbs3gool 999(339emds 99o9bl - 502.64, Ca++ - 220.15, Na*+K+* - 80.5 > Mg+-10.98
dp/ao.
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3HOOWo 2. 56E5DoMwo s Lsbdgwo fywgdol Bobo3Me-JodomEmo, 30MMmJodoHO s
3030M00MMy0E0 sbseroBol 9gwgagdo - 03bolo, 2022.

fgo®eab fgoewo 39539 Fgowo
MG330 2-0l {go®eab fgoewo ﬂ(ggb%,jm)@
# obaMgogb@gdo B960EHMH050Y 3000056, (35650 Berabols b3
(150-200 3 00OMJL IO %9300
©530E900m)
X-359777 X-316809 X-313288
Y-4722474 Y-4741183 Y-4741009
1 pH 8,0 7,1 6,5 6-9
2 | 020IOOMEBH0mD, 89 345 1125
[?sms/cm
3 | 7005, dp/er 1,25 2,10 0,95
4 | bobolig, 93.9d3/ 0.97 5,53 18,57 7-10
5 | s9mbowydo, dp/q 0,221 0,098 0,469 0,39
6 | bo®mo@gdo, dy/w 0.022 0.075 132.05 1,0
7 | Bo®®a®gdo, 3/ 0.113 0.029 0.070 10
8 | 3mbgo®gdo, dp/e 0.072 0.196 0.156 3,5
9 | byyenggagdo, dp/e 1.29 53.67 12.51 250
10 | Jorm®oqdo, 8y/w 0.46 0.06 81.99 250
11 | d6mdo, dp/¢ 0.170 0.101 0.667
12 | @™o, 9y/e 0.072 0.041 0.040 0,7
13 | 30006M35603Mbs@gdo, /e 74.42 189,10 502,64
14 | 33ewoqfo. /e 0.88 0,95 80,5
15 | BoyMowydo, dp/e
16 | 35¢Eovdo, dy/e 10.44 84,27 220,15
17 | dogbovdo, dy/c» 5.52 16,19 10,98
18 | dobgMooboios, /e 93.14 341,28 921,76 1000-1500
19 | E-Coli, 250 9¢m-do 8 10 26/50
20 %‘S‘Zféjf" 3nogn6igdo 25 32 56 /50 56
9390
91 | BIPLIO0 LHOIOM- 5 3 56/ Qonao
339%0, 300 dgn-8o Q

bE3" - BO3OWo© L3900 3MbEgEM30s bobdgwo fywrol Ggdbolzm®mo Mgywsdgb@ol dglisdsdobs
([ sgsngg@mls msg6:mdols s bogds Ne58 2014 farols 15 0563560 g. mdowolo) [6].

3600369m356 3m330bgbBHYOL FoMdmoygbgb domygbmMo gugdgb@EHgdo (sBmE0, Fmb-
RMO0), OMIWgdo3 SbEHsggh BYLI30MHMEO Fywgdol sd06INMHYdOL boeLbL s 5M0sb SbGM-
309690 ©sGH306MH™M30L 06035GMMYd0. gobls3Mm®mgdom 360d369wm3zs60s Fomo (3o 3gMEo
1m®3dg00L (NH4*, NO2, NOs3, PO+*) 8993390 ™0930L 3mb@Gmmeo {gsedo, HmAwgdog sbolbosmgdgb
obgmo 36MHM39900L  god0gMYILL, MMYMMOES BJ3SIOO EB0BIMNEYDS, J3BOMBOIOF0S, Jd-
93970 3m3Mbscm@o o LObMBWM-BsdgMMbgm BsdEObIMY (gugdol Bsdzgdom.  sBMmEOL
d0b9GomMo  gmMIYP0b  sdmBgbowos  sdmbomdols  (0.469/1.2 B3) ©s bod®odmwo
(132.05/132.1 B3) 806900l dorswwo d99339mdgdo (3bO. 2, bob. 1), o3 LogzsMomOME 3odm-
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STUDY OF HYDROCHEMICAL AND MICROBIOLOGICAL
COMPOSITION OF NATURAL WATERS OF RACHA-LECHKHUMI AND
KVEMO SVANETI REGION

Shavliashvili L., Kuchava G., Shubladze E., Tabatadze M.
Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia

Abstract. In the paper are discussed physical-chemical, hydrochemical and microbiological characterization of rivers
(Lukhuni and Tshkhenistskali), artesian and spring waters in the vicinity of arsenic processing enterprises of Racha-
Lechkhumi and Kvemo Svaneti region. The obtained results are presented in the form of conclusions. Rivers and
artesian waters contaminated with various ingredients have been identified.

In the river waters, in the samples taken from both the background and polluted areas, none of the determined
components exceed the maximum allowable concentration and are within the norm. Mineralization of river water
belongs to the category of slightly and moderately mineralized waters.

Artesian and drinking spring waters belong to waters with moderate mineralization (500-1000 mg/l); Acidic spring
water is especially distinguished, where an increase in water hardness (18.57 mg.eq/l) is noted in relation to MPC;
Among the polluting ingredients, we can single out ammonium ions from mineral forms of nitrogen, the content of
which exceeds the maximum permissible concentration by about -1.2 times, and the content of nitrites - 132 times, The
amount of nitrates and phosphates never exceeds MPC.

In the month of June, spring water in the territory of Uravi 2 and in the direction of Tsana contains E-coli, total
coliforms and fecal streptococci, which is not allowed according to the Georgian legislation; And as for acidic water,
there was no contamination according to microbiological indicators.

Keywords: Natural waters, hydrochemistry, microbiology, pollution.
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Usgs®39a70b (399603960 #96039(L0BGIH0, JoIorIH0 (H97602¢mg00bs ©5 JIHSeIH300L R3¢ AIHO

360Bs0s. 990w9ds39879c05 M s Fe** 0mbgd0bsgsb fycrol 3sdfdgboo sbsaro Hodol daoedtego dsbs-
ol - Fe* 0mbybol d9dpg9cro MnOz-000 dmoR050059829¢70 3902¢P0B0b (3¢70bm3Hoermemodo) domgdol
02608005¢7H0 G900,  Gdgerog  00935¢0bobadl  3g02¢r0Bol LG HBsF0 0026800033000
A9 fsbobdoor Bsdxstro Mm? s Fe** ombgdol ss306s300 gengdd®mdodon® ©s7563350 d9c00sheateaemo
bobdg8ols NaCl - NaClO-b 3s8mg9698000.

U533560m bodg3980: 3902¢70H0, 8563562900b omboo, 8moR05065985.

9dgbsgseno

Mn?* s ©3060b (Fe?,Fe3*) 0mbgdologoeb Loldgero §yuol 4obefidgbs@ gsGomm 459moygbgds
90 GHM30 dsboengdo, MMIGEms sBHMOEOL HoMmBdmoagbl 3gmeo@gdo, bmwm sddHowme 3m0-
30bgb39dL - oGP0l Bg30mBY sxzgbowo MnOz2. AbMBEOM dsDsMBY sOLYdMO 53 EHo3ol
9530E®530 FoLoegdol dHBsYOOL Fgdbmermyos Fo®Bmagbl 3mIgMH oM LooEIEXMYISL.
15393b0gOM WOEIMIGHMEMmSTO godmd39Y69do 0bBMMT>300L 3MH0EH03MNWO 565¢0BOL Fggas©

392300005 535133650, GMI 9B9JEH060 IGOEEHE30 Foboerol EolBTBIWIOI® 930 GOIE0S
395035l oGm0 30L BYEs3oMHbYg Foswo Jodomo dyMs®dol MnO2-0l dowgdol 3Grmdwgds,

o3 3olbdmdl do@®moEol dMmEOR0E0MYdL HYs30MHMsb Jodom®ms ddwmwo (Jgdmbim®do-
690990) ©s Fgoedo 36M5gGH03Mws© MbLbso MnO2-0l ggboo.

3bmdoos Igo@GHMoz0 dsloerol - MnO2-000 IM©ORBO306093I0 3obm3@owmeodols do-
0900l 3900mo [1], HMIwol MsbsbTowsa 3gmeo@olb Bmbhbdo 0mbdodmzaromo b0 Bsdxs®o
Mn?* 0mbgd0ol MnO2-809 sLs556393500 999mygbgdmen KMnOs-0ob §ysenblibs@do @ssbermgdoo 10-
20 g/ NaCl-ob 056smdolsl 0ddbgds 39mo@ol Bgsdo@msb JodomGs 83mwo MnO2-ob
§o6m3mgdbolismzol LsFoMm 306HMdgdo.

3bmdoos, spM9gm39, MnO2-0b 656mdmF3ml fysedo bLbsmdol dqgdzocmgdol dgmmo [2],
IOl 9bsbBsoE Yoo gxBgdGHo doowfgzs Fed ombgdoomm MnO2-0l b56mdMIF3ml m-
3069000 yboo.

50608360 IgmmEgool  gom3zswobfjobgdom Fqdwdsggdeos sbowo GHodol IGowEHMO30
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39900920 396@Mgd00 5dmolobgds:

NasZ + MnSOs + FeSOs —» (Mn?,Fe?)Z + 2NaSO4 (1)

39069 LGHOOsBY 30dEOLIMYMIL 3gMEOEOL 356M39Ld0 BsIX MO 361939OLMMYGOOL - Mn?* o
Fe 0mbgdol 5653060003060 9e9dBHOMmJodom®mo ©ogobags. 3MmEglo GoMEgds MM Mgsd@m®mdo,
GH0Iwgdo3 9003969 msb 353806090 ME0s  blbsMgdol (303300l  gBm0sbo BszgGHowo
3MbGHMM0m. 30039 MgodBHmMdo - gargd@mmeoBgmdo NaCl-ol §yseblbsmol gargd@mmaeobon
d00©9gds dE0gmHo ©sdx569930 NaClO;

S6mo| 2Cl - 2e —» Cl
35000 | 2H20 +2e — Hz + 20H
Cl + 20H- — CIO + CI + H.0
NaCl + HoO —soissocsiny NaClO + Hz  (2)

9099 GHOMWobIM0b 9568930 blbsGo, MMIgmog dgogog NaClO-bs s NaCl-U, dog-
D™m9ds ©o7956930L M9od@MML, Loog IMMeglgdweos Mn? ©s Fe?* 0mbgdom dmmozgozotmgdmwo
3900G0. ©95dGMMT0 3601939OLMMYdOL - Mn? s Fe 0mbgdol sgo633000 8000gds 0HbmdGm030
36Omd@o - Fe3 ombgdol 8993390 MnO2-000 80080300700 (39M030; bmnwm @ogs6a30L
0959 BHMM0b 459mdsz5¢0 NaCl-ob blbsto d¢mbogds gegd@®Omeobg®do.

(Mn?*,Fe?*) + NaClO + H:O — (MnO: - Fe)Z + NaCl + 2H* 3)

695430900 (2) s (3) d9x5890000 3090 MIM IGOWEGHMS30 Foboeol sdbsYdOL Lggdod e
X90ME 296G Mg

(Mn?,Fe*)Z + 2H2O awadtawmoboy, (MnQO2- Fe*)Z + Ha + 2H* (4)

506050, 39999953989 3H9dbmema0s5do 958tmggbgdIEo 553003000 JugdEHHmdodowm®mo
55356230l FgmEOol 5OLO BEYMTSMYMBOL 03530, HMA 39MOEHOL 3563530 Bsdx MO Mn?* s Fe?*

00bg00 059605 965 MIMsmE bMPDBY gargd@OMmJodonMo (58 3OHMEgLOL ABbMM309wgds
399990090909, M5P0 3IMEOoBL 56 9436 9w 9dBHOMbMWO ASTEHIMGOWMDY), 9539 JodoMo
59596903000 NaClO-mo, GmIgewoi dooegds NaCl-ol §yseblbstol  gagd@®mmeobom. s6o-
3060530600 9u9dGHMmdodomemo 7963308 3OHMEglo ba®E09w©ads JEgIGOHMWOBIMHOL 25690
9699 9.9. »ex cell” Mgg0ddo.

X901 2563Mgd5d0 (4) 56 Jgol d9osG™MOwo bolEgdob mmogzg 3md3mbgbEo - NaCl s
NaClO. obobo MMN0gOHmAMs0dd6gd0s6 s om0 bstxo MIMMOMws© 6xwol Gmeos (bsGxo
396306039305 Fbmem 3979603100 ©Bs3sMYBOm). 3gMmoGol 3963sLdo BsdxsGo Mn?
s Fe? @oliogobgo 0bs®xgds dbmeme gugd@®vero gbgeyos.

5653060053000  ggdBHOH™mJodoMMo  igsba30L Fgmmo  aolbdmdl NaCl-ol m®dsgo
60369000 2odmygbgdsl: 0go HoMmdmowyabl gugdd®mEoboo NaClO-ols domgdolsm3zol bo-
J06O™ 99009l s 53539 OHMU, 256530093l JodomEa 3dwyeo MnO2-ob ggbol Fo6rdmddbsb.
5060360 983940l s 53039, Fe3 0mbgdom m3omgdol 3o MnO:2-ob figsedo blbsmdol

3993060900 9539dBH0ob 9gu39M096EGHWIWO IILEHMMGOS SOHGOH0E0s LsdMTsmdo [4].

95



WO GHIMGHYOS

1. Tapacesuu 10.0., [Tonskos B.E., Usanosa 3.I". , Kpsicenko JI.A., «Iloxyuyenue u cBoiictBa Knnnontumnonura,
MOAM(UIIMPOBAHHOTO TMOKCHIOM Maprasua.»//« Xumust u rexnosorus Boas» 2008, m.30; Ne2; cr. 159-169.

2. Huimin Chen, Lei Jin, Meidong Wang, Danny Xiao, David Reisner. «Reducing dissolution of MnO,
nanofibers by doping with ferrie ion»//«Science and Technology of Advanced Materials» 2007, 8, pp. 63-66

3. X.09629wo00, §.35mmaMg. «Fe¥ 0ombgdol 9993390 0568569908 oMo IMPOROEOMYIO
3900E0ob Jomqdol bgdbo», Lods®mzgwml 3s¢gb@o - B 01 ] 20/18; C 02 F 1/28,1/64;

4. x.09639w00, 2.390MyMY. Lobdgwm Fywol  gofdgbolomgol domso Jodow®mo TEAMmOMdOL
09625630l omJLoOm FMEOGOEFOMHPRWMWO 390Gl Jorgds S F9TMEEIY//LogoMmMZgEaMmls
3965903000 sLME0s300L FMMbowo; Mdowolo, 2021, 3.23.2(46), 23.82-92.

A METHOD OF OBTAINING FILTER MATERIAL OF HIGH CHEMICAL
STABILITY FOR DRINKING WATER PURIFICATION

Galogre G.
Technical University of Georgia, Faculty of Chemical Technology and Metallurgy, Thilisi, Georgia

Absrtact. An original technology for obtaining a new type of filter material for purifying water from Mn’" and Fe’*
ions — by MnO, modified zeolite (clinoptilolite) containing Feé* ions has been developed, which provides for the

indirect electrochemical oxidation of Mn®" and Fe*" ions trapped in the zeolite frame using the mediator system NaCl-
NaClO.

Key words: zeolite, manganese dioxide, modification.
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EVALUATION OF THE CONTENT OF MICROPARTICLES IN THE
ATMOSPHERE OF RUSTAVI BY EXPERIMENTAL MEASUREMENTS

Gigauri N., Pipia M., Beglarashvili N., Mdivani S.
Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia

Abstract. The study showed, that in the atmosphere of the Rustavi city, the concentrations of PM2.5 are usually lower
than the concentrations of PM10, but the character of their change curve in the atmosphere of the city is almost always
the same.

The maximum values of the concentrations of the studied micro particles almost always exceed the values of the
corresponding maximum allowable concentration.

The trend of hourly change of PM-particles concentrations in Rustavi differs from the results obtained in Tbilisi, since
the content of micro particles in the atmosphere of the city of Rustavi is affected not only by the traffic intensity, but also
by the mode of operation of industrial enterprises. As a result, their maximum content in the atmosphere of the city of
Rustavi is observed in any interval of the day. Experimental measurements have shown that the tendency to increase the
content of PM-particles in the atmosphere of the city of Rustavi determines both the flow of vehicles and emissions from
industrial enterprises and meteorological conditions.

Key words: atmosphere, pollution, microparticles, road transport
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EVALUATION OF THE CONTAMINATION OF THE ATMOSPHERE OF
RUSTAVI WITH MICROPARTICLES BY NUMERICAL MODELING

*Gigauri N., **Surmava A.

* Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia
**M. Nodia Institute of Geophysics of 1. Javakhishvili Thilisi State University, Thilisi, Georgia

Abstract. The kinematics of the change of microparticles dispersed in the atmospheric air of Rustavi city during
background weak and strong winds from the east have been investigated by numerical modeling.

Modeling results in concentrations that are within the limits of regular observations. By analyzing the wind speed and
concentration fields, it is established that the spatial distribution of heavily dusted areas depends both on the
concentration of generated microparticles, the intensity of traffic, the location of highways, as well as wind speed and
direction. Comparing the images of the spatial distribution of concentration and wind speed with each other shows that
the advective transport of particles during the background strong wind has a dominant role in the process of pollution
spreading.

Keywords: atmosphere, pollution, microparticles, background wind, numerical modeling
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REVIEW OF MACHINE LEARNING METHODS IN THE ESTIMATION OF
GREENHOUSE GAS EMISSIONS

Kerimov B., Chernyshev R.
Grozny State Oil Technical University, Chechen Republic

Abstract. An ongoing climate change poses increasing challenges to the public interest. At the same time, digital
transformation fosters the development and application of a multitude of different machine learning (ML) models. This
work contains a scientific review of recent applications of ML models in the estimation and modelling of greenhouse
gas emissions. We provide an overview of the main challenges and the performances of implemented methods and
possibilities for future directions.

Keywords: Greenhouse Gas Emissions, Machine Learning

Introduction

Anthropogenic influence in global warming cannot be underestimated. Increasing greenhouse gas
(GHG) emissions caused by humans are a major force of global warming. These emissions are caused by a
wide range of human activities from heavy industry to agriculture and daily routine activity. According to
IPCC reports significant anthropogenic GHGs are CO,, N,O, CH, and CFCs. Agricultural GHGs emission
has a major role in several countries without developed heavy industry (or with regularised heavy industry)
in example Canada and Brazil [1, 2]. Agricultural soils both are a source and a sink for GHGs, however,
small changes in the soil respiration process may cause significant changes in GHGs emission balance from
sink to emission. According to the IPCC report, 60% of total N,O and 50% of total CH4 emissions come
from agriculture. And emission of agriculture GHGs increasing year by year and emissions may escalate due
to global population growth. CO, emits from microbiological decay or burning plants, and CHy is produced
from organic decomposition and oxygen-deprived fermentation. N,O produces from microbiological trans-
formation, especially in wet conditions with high humidity or large precipitations with a predicted increase
from 30% to 2030s. Modelling and researching of GHGs agriculture emissions is reasonably justified.

For this purpose, in Chechen republic in 2021 year was constructed system of carbon polygons.
These polygons are located in former agriculture fields, former oil-development polygons, natural forests and
former anthropogenic landscapes. Measurements on polygons presented by GHGs in-situ chambers
measurements, flux towers and regular meteorological observations may be used in GHGs modelling. Also,
NDVI and EVI indexes calculated with remote sensing are useful data for describing conditions on
agricultural fields and should be used in modelling. Various biophysical models for GHGs cycle simulation
have been developed, such as DNDC, DAYCENT, DSSAT. These models have proven their effectiveness,
but are very sensitive to data conditions and physical parametrizations which are not always can be well
identified and also required qualified users to operate with them. Machine learning (ML) algorithms are good
for overcoming classic model problems. Machine learning algorithms are rapidly developing lately, with the
increasing of their generalizing ability. A wide range of ML algorithms has been developed based on dif-
ferent ML techniques with special advantages and disadvantages of specific methods. This article presents
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the results of some of the research works for ML modelling of GHGs. This experience is very useful for
future modelling based on carbon polygons data.

This review focuses on the applications of machine learning methods on a local scale of the
researched site. Some of the related studies centre around the prediction of global GHG emissions based on
socioeconomic and geographical factors, which is outside of the scope of the paper. To our knowledge, there
have not yet been systematic reviews of recent works in estimating GHG emissions with machine learning
models. Toby et. al. [3] provided a comparison of the application of 4 families of machine learning in the
estimation of CO2 fluxes in cropping fields.

Research Methodology

In our analysis, we highlight the following aspects of the application. Firstly, we investigate the
context, scale, and purpose of the researched site. Naturally, the investigated site defines the mechanism, the
scale, and the nature of emitted greenhouse gases. This includes cropping and various agriculture. The
context is crucial in describing the problem and the domain knowledge largely defines the structure of the
model. Lastly, we study the models applied in the research, as well as the nature and the scale of the
measurements used in the modelling, and the machine learning method.

Estimation of GHG Emissions

Tackling the problem of predicting greenhouse emissions from agricultural soils, Hamrani et. al.
analysed a pool of several ML algorithms from classical regression models to deep learning neural networks.
The models predicted CO, and N,O emission based on measurements from agricultural fields in Quebec,
Canada: air and soil temperature, soil volumetric water content, air humidity, precipitation, atmospheric
pressure and crop N uptake as predictors; CO, and N,O emission measured with chambers as predictands.
Data was measured in 3 different plots size 75x15 meters during 6 years from 2012 to 2017 with crop
rotation (corn, soybeans, oat). CO, data is cyclically emitted throughout every year, N,O is seasonally
emitted with sharp peaks. The authors identified the feature importance of each gas. Feature importance has
been evaluated with neighbourhood component analysis (NCA) and minimum redundancy maximum
relevance (MRMR) analysis. For CO, most important features are air and soil temperatures, soil volumetric
water content and humidity, for N,O soil water volumetric content and precipitation are the most important
which corresponds with other authors [4, 5]. Models to choose from, presented by classic regression models:
SCM, LASSO, Random Forest; shallow learning: FNN, RBFNN; deep learning: LSTM, CNN, DVN. The
minimized quality metric is RMSE, also quality is evaluated with R?. With selected models, the authors
concluded that the LSTM model has the best performance for CO, and N,O prediction with best score R* =
0.87, RMSE 30.3 mg m~h™.

On the example of a contrasting environment, Freitas et. al. accent on CO2 emissions over green cane
fields in Brazil. Data was collected from three different fields after the harvest period with Li-Core 8100 flux
gas analyzer system (2008, 2010 and 2012) year. The authors employed a multilayer perceptron (MLP) with
three layers to estimate FCO2 emission. Training data soil samples were collected from 0 to 0.10 m in depth.
The following routine tests were carried out: determining the content of organic matter (OM), the available P,
K, Ca, Mg, and H + Al, and establishing the calculation of the sum of the bases and the exchange cation
capacity. Custom feature engineering may help evaluate FCO2 with higher accuracy with lack of train data.
The authors with their custom features reached good quality with mean absolute percentage error (MAPE)
18.4% and R2 = 0.92 for predicting 2012 years on 2008 and 2010 train data. The authors did not check the
stability of the model with known validation methods, however, their model well agreed with FCO2 emission
peaks in 2012 year, which may conclude custom feature engineering was performed thoroughly.

As a comparison, the work by Oertel et. al. introduces a random forest regression model in order to
estimate N,O emissions on the dataset collected from a set of experiments. The dataset contributed by Steh-
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fest, E. et. al. [6] includes results of experiments from over 114 publications focused on the prediction of nit-
rous oxide emissions on various cropping fields. As a result of pre-processing, they extracted 19 input va-
riables, categorized into soil contents, crop type, geographical, and fertilizing agent features. The authors
show that RF systematically outperforms the regression model evaluated on the same data. The accuracy was
calculated based on rooted mean squared error (RMSE) in kg N ha™ year”. Additionally, the work shows the
importance of fertilizer and crop type as identified by RF ranking of input variables. As the authors stated,
the explainability of the method is limited due to the impossibility of explicitly including external factors,
such as soil tillage and regional effects. However, they cause an indirect influence on some of the included
variables.

Machine Learning models
Decision Trees and Random Forests

Decision trees are a family of tree-like algorithms that are based on binary decision rules. They have
been particularly useful in various applications due to their explainability and robustness to missing data [5].
XGBoost and Random Forest extend the family by ensembling the prediction of individual trees and thus
achieving higher robustness and generalisation.

Deep Neural Networks (DNNs)

Ongoing digitalization and advances in computation opened the way to deep learning models. These
models usually are equipped with multiple layers of various neural networks, such as ANNs, convolutional
operators, and recursive architectures. Convolutional neural networks (CNNs) are a standard in image
processing applications. Analogously, they are widely used in hyper- and multi-spectral analysis, which was
found particular use in the estimation of GHG emissions and carbon stock. One of the biggest drawbacks of
neural networks is the “black box” nature, which hinders their explainability. Furthermore, these models
usually require considerable amounts of data. This may be unattainable in many manual and in-situ
measurements.

GHG measuring technologies

Machine learning models are heavily reliant on the availability and quality of data. We highlight two
main measuring methods

In-situ measurements

GHGs measures with flux methodology. Standard instruments are: chambers and optical gas
analyzers. Chambers are especially useful and simple to construct and operate, also chambers are able to
measure very low rates of fluxes in a short period of time. Unfortunately, close chambers have their
disadvantages such as increasing gas concentration in the chamber may cause measurement errors. Chambers
may cause their own greenhouse effect with recurrent problems. Optical gas analyzers are able to measure
fluxes and concentrations of GHGs with more than sufficient quality, however, these analyzers are very
expensive and affected by a territory's footprint.

Remote sensing

Concentration of gases and atmospheric composition can be measured with a network of land or
aerial stations. These monitors are usually equipped with hyper- or multi-spectral imaging instruments and
spectrometers and are practical for modeling CO, emissions via vegetation indices [7, 8]. For applications
such as carbon stock inventory estimation, aerial imagery data provides a less costly and more standardised
alternative source to manual labour. Furthermore, openly available measurements stimulate the development
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of machine learning models. Although remote sensing with lidar measurements may evaluate a large ter-
ritory’s emission for a short time, however, it requires very careful preparation of the orthophotomap of the
territory. Remote sensing doesn’t have in-situ measurement quality. The scale of the errors of aerial imagery
is radically higher than permissible deviations of in-situ measurements.

Conclusion

Availability of computing resources and ongoing digitalization of data fostered the development and
adoption of ML methods. Although remote sensing and automated in-situ measurements of GHG emissions
add up to the available data, manually labelled data is especially limited. This reinforces the drawbacks of
some ML methods. One of the potential solutions to that is introducing inductive biases in the models or
using advanced learning methods, such as semi- and self-supervised learning.

Additionally, we note that geographical and geoecological conditions impede the comparison of the
performance of the models applied. At the same time, there is a positive outcome from compiling and sha-
ring measurement results from different sources.

This work was carried out as a part of a scientific project:
Grozny State Oil Technical University FZNU-2021-0012

“Complex interpretation of geophysical and geoecological data in studies of greenhouse gas balance
(on the example of Chechen Republic)”.
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EVALUATION OF NATURAL DISASTERS USING MACHINE LEARNING
AND BIG DATA FOR GEORGIA

Palavandishvili A.

Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia

Abstract. The purpose of the presented paper is to estimate and analyze the distribution of precipitation over the
territory of Georgia to study drought related processes and other natural hazards, as well as to evaluate the possibility
of environment hazard detection at the early stage of their evolution, monitoring and prediction. We intend in our study
to apply the Machine Learning, the branch of computer science which focuses on the use of big data and algorithms to
imitate the way that humans learn, gradually improving its accuracy. Such analysis allows developing a Combined
Drought Index (CDI) and corresponding drought hazard Skm resolution map.

Key words: Machine Learning, Big data, natural disaster, drought

Introduction

Economic and other losses from natural disasters are increasing throughout the world. According to
the International Disaster Database (EM-DAT), over the last 70 years, hydro-meteorological disasters have
shown the fastest rate of increase of all disaster types. In parallel, technological capabilities to manage such
disasters have advanced rapidly.

Mitigating the impacts of climate change and successful adaptation requires effective climate change
strategic planning by countries worldwide whose decision-making requires complex models and sources of
information. The Big Data toolkit enables the systematization, processing, and evaluation of heterogeneous
data and information sources, which is unfeasible with traditional disciplinary analysis tools. In Europe the
Global Monitoring for Environment and Security (GMES) initiative of the European Commission and the
European Space Agency (ESA) is actively supporting the use of satellite technology in disaster management,
with projects such as PREVIEW (Prevention, Information and Early Warning pre-operational services to
support the management of risks), LIMES (Land and Sea Integrated Monitoring for Environment and
Security), GMOSS (Global Monitoring for Security and Stability), SAFER (Services and Applications For
Emergency Response), and GMOSAIC (GMES services for Management of Operations, Situation Awa-
reness and Intelligence for regional Crises) [1]. The United Nations Platform for Space-based Information
for Disaster Management and Emergency Response (UN-SPIDER, 2010) has been established by the UN to
ensure that all countries have access to and develop the capacity to use space- based information to support
the disaster management cycle. They are working on a space application matrix that will provide the
satellite-based approaches for each type of hazard and each phase of the disaster management cycle.

Data and Method

On order to carry out research observation net data of National Environmental Agency and Co-
pernicus ERAS precipitation reanalysis data are used. ERAS provides hourly estimates of a large number of
atmospheric, land and oceanic climate variables. The data cover the Earth on a 30km grid and resolve the
atmosphere using 137 levels from the surface up to a height of 80km. ERAS includes information about
uncertainties for all variables at reduced spatial and temporal resolutions.

Quality-assured monthly updates of ERAS (1959 to present) are published within 3 months of real
time. Preliminary daily updates of the dataset are available to users within 5 days of real time. ERAS is the
latest climate reanalysis produced by ECMWF, providing hourly data on many atmospheric, land-surface
and sea-state parameters together with estimates of uncertainty. ERAS data are available in the Climate Data
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Store on regular latitude-longitude grids at 0.250 x 0.250 resolution, with atmospheric parameters on 37
pressure levels.

Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) is a 35+ year quasi-
global rainfall data set. Spanning 50°S-50°N (and all longitudes) and ranging from 1981 to near-present,
CHIRPS incorporates our in-house climatology, CHPclim, 0.05° resolution satellite imagery, and in-situ
station data to create gridded rainfall time series for trend analysis and seasonal drought monitoring.
The Integrated Multi-satellite Retrievals for GPM (IMERG) algorithm combines information from the GPM
satellite constellation (https://gpm.nasa.gov/missions/GPM/constellation) to estimate precipitation over the
majority of the Earth's surface. This algorithm is particularly valuable over the majority of the Earth's
surface that lacks precipitation-measuring instruments on the ground. Standard Deviation is a measure which
shows how much variation (such as spread, dispersion, spread,) from the mean exists. The standard deviation
indicates a “typical” deviation from the mean. It is a popular measure of variability because it returns to the
original units of measure of the data set.

Data visualization allows us to see availability and missing variables, for this purpose was used R-
instat free software, which is easy to use and gives all necessary functions to analyze small amount of data.
In order to compare two datasets, we used statistical method, in this case is pearsons correlation, mean
absolute error and standard deviation.

Fig.1. Inventory of station data of Qartli, Imereti anf kakheti regions and ERAS data.

Machine learning is an important component of the growing field of data science. Through the use of
statistical methods, algorithms are trained to make classifications or predictions, and to uncover key insights
in data mining projects. These insights subsequently drive decision making within applications and
businesses, ideally impacting key growth metrics. As big data continues to expand and grow, the market
demand for data scientists will increase. They will be required to help identify the most relevant business
questions and the data to answer them.

Overfitting is a concept in data science, which occurs when a statistical model fits exactly against its
training data. When this happens, the algorithm unfortunately cannot perform accurately against unseen data,
defeating its purpose. Generalization of a model to new data is ultimately what allows us to use machine
learning algorithms every day to make predictions and classify data.

CHIRPS and IMG satellites data have been compared to station ones. The statistical analysis showed
that for Caucasus region CHIRPS data are more valid.
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Table 1. Statistical parameters of CHIRPS and station data for 2000-2020 year.

Statistical Method of Environment Data Analysis

halqa 0.66759 287 2634318 Standard deviation
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EEETTTTEE  0670568 25 248989
[ Om | 0.520496 362 3074461
0717208 300 3637001
[ Thilm ] 0678032 211 2835372
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| Zestaphomi | 0462851 413 5402459
[ Zuzad | 0.603897 519 5213524

Discussion

At the first stage of data processing, it is necessary to remove those rows which have incomplete
observation or the data does not correspond to reality. R-instat, recommended by the World Meteorological
Organization (WMO)), is used to visualize the data series.

R-instat is also used for data comparison, due to the inhomogeneity of the precipitation, three
parameters are analyzed: correlation, standard deviation and Mean absolute error. For this study, a region
particularly vulnerable to drought- Kakheti was selected, where the statistical parameters between the station
and ERA are as follows: the best correlation was observed at Omalo station 0.65, and the lowest at Shiraki
station - 0.30, the lowest standard deviation at Udabno station - 4.04 , the highest- 7.62 (MAE) -minimum at
station Udabno-1.66, maximum at station Shilda -3.04.

The three month SPI-3 is calculated for data validation for both station and satellite values
(https://edo.jrc.ec.europa.eu/) The SPI (standardized precipitation index) classifies the precipitation sums on
a particular date with respect to the sums of the same month in all years of the measurement record. For this
purpose, the precipitation sums of the whole record within one month around the respective date are
transformed into a standard normal distribution around zero. The SPI is these transformed precipitation sums
[3]. The SPI value directly indicates the frequency of the observed precipitation amount in the corresponding
month as estimated from the whole observation record. Correlation analysis of these two data was conducted,
the results obtained are lower than the original correlation, the reasons for this may be the following: satellite
error, (the satellite perceives precipitation also solid precipitation), data break at the station, in this case the
minimum correlation value fells down to -0.08 and the maximum increases up to 0.75 unit, of course, this
index was recalculated for other periods, one month, too and the correlation value did not change, also
another R-studio software was used to make sure the result reliability. In this case the correlation values did
not change as well (CHIRPS satellite data were used, the 8- month of 2007 year data are missing for all
stations; There are no 2010 and 201 1data at all).
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Fig 2. r-squared shows how well the SPEI3 data fit the regression model.

Considering that satellite observations have been produced, in the case of CHIRPS since 1987, and
that station data has discontinuities and inaccuracies that are unfavorable for environmental hazard
assessment, the need for machine learning has emerged. The first region that was subjected to analysis is
Kakheti - 19 stations 1961-1990 30-year period data were taken. Based on these data, the Standardized
Precipitation Index (SPI) for 3 months was calculated and then subjected to machine learning. In this case,
the most optimal result was shown by the "optimized tree", where the minimum number of leaves is equal to
45, and the training time is 30,296 s, the prediction speed ~ 43000 obs/sec.

Despite such good parameters, it was necessary to add additional stations, because there was not
enough information in the Kakheti region for the correct analysis of machine learning, comparing the model
and station data, it was found that overfit was obtained, which is not valid for the analysis of new data, it was
necessary to add the Kartli region as well, in this case it was also highlighted , that stations that are close to
each other give better results to the model, while, in the case of both regions, stations that are far away
increase the probability of overfit. Therefore, machine learning needs to increase the observation network,
the number of stations, the observation period, as well as the selection of satellite data for the region where
there is not enough observation.

Conclusion

A support vector machine (SVM) was selected in the Matlab space - an algorithm for supervised
machine learning, which allows us to optimize it, for example, we can control the number of divisions in the
"machine tree", which will help us achieve the accuracy of the model, as presented, the tenth model showed
the best result, with the help of months At each point, we can determine the probability of drought.

It was necessary to add additional stations, because not enough information was found in the Kakheti
region for the correct analysis of machine learning, comparing the model and station data it was found that
overfit was obtained, which is not valid for the analysis of new data, it was necessary to add the Kartli
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region, in this case it was also revealed that which are close to each other gave a better result for the model,
while, in the case of both regions, stations that are further apart increase the probability of overfit. Therefore,
machine learning needs to increase the observation network, the number of stations, the observation period,
as well as select satellite data for the region where there is not enough observation. The following is
necessary to avoid overfit:

* Increase number of dataset

* Increase of time period

* Find nearest points of observations
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Abstract: The use of big data and machine learning methods to research Earth functioning is more and more actual,
especially after it began to be studied by satellites of the Earth observation mission. A large amount of information has
been accumulated, the processing of which requires new approaches. Big data and machine learning have become
relevant in the assessment of climate change to monitor the nature of the Earth. In order to overcome climate change
negative factors new innovative approaches have been introduced, one of them is Nature Based Solutions, which
involves transition from grey constructions to green environment.
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Introduction

Understanding of the natural environment is increasingly important to respond to the climate change
negative impacts and anthropogenic pressures on finite natural resources, and their impacts on water, energy
and food security, infrastructure, human health, natural hazards. This is also a major cross-disciplinary
challenge involving almost all scientific fields

In 2013, the UK government announced large-scale investment in Big Data infrastructure for
science, particularly in the environmental sector starting funding for a program called CEMS (Climate and
Environmental Monitoring from Space). This allowed for the creation of larger databases to cope with the
upcoming Big Data revolution and to allow research partner organizations to work with more data and
produce more results. With a specific focus on climate change and planetary monitoring, CEMS storage
removed the need to download enormous data sets while reducing the cost of access. Along with Cloud data,
this is now the standard globally for some of the world's top research institutes.

The natural disasters in Georgia have to be considered as the standing negative factor for the
sustainable development of the state. The importance of aroused problems from listed hazards stimulates the
active investigation of reasons and physical processes involved in [1]. In the analysis of hazard and risk
geoinformation science and earth observation plays an increasingly important role. Remote Sensing is
nowadays an essential tool in monitoring changes in the earth’s surface, oceans and atmosphere, and is
increasingly used as the basis for early warning for hazardous events [2].

In Europe the Global Monitoring for Environment and Security (GMES) initiative of the European
Commission and the European Space Agency (ESA) is actively supporting the use of satellite technology in
disaster management, with projects such as PREVIEW (Prevention, Information and Early Warning pre-
operational services to support the management of risks), LIMES (Land and Sea Integrated Monitoring for
Environment and Security), GMOSS (Global Monitoring for Security and Stability), SAFER (Services and
Applications For Emergency Response), and GMOSAIC (GMES services for Management of Operations,
Situation Awareness and Intelligence for regional Crises). The United Nations Platform for Space-based
Information for Disaster Management and Emergency Response [3] has been established by the UN to
ensure that all countries have access to and develop the capacity to use space- based information to support
the disaster management cycle. They are working on a space application matrix that will provide the
satellite-based approaches for each type of hazard and each phase of the disaster management cycle [4].
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WMO has signed the Emergency Alerting Call to Action as part of its ongoing Global Multi-hazard
Alert System (GMAS) development and its collaboration with governmental, non-governmental, and
commercial organizations to achieve the broadest adoption of CAP worldwide. The Call to Action was
launched at a special event during the Humanitarian Networks and Partnerships Weeks 2021.

Data and methods

Environmental data comes from a wide variety of sources and this is increasingly rapidly with new
innovations in data capture:

1. Large volumes of data are collected via remote sensing, typically from satellite sensing or aircraft-
borne sensing devices, including an increasing use of drones. This includes passive sensing, such as
photography or infrared imagery, and active sensing, e.g., RADAR/LIDAR. The increasing availability of
open satellite data is a major trend in earth and environmental sciences. For example, the EU Copernicus
program and the associated Sentinel missions, or NASA’s Earth Observing System satellites, LandSat
archive are regularly mined for data for a variety of applications [5].

2. Other data are collected via earth monitoring systems, which consist of a range of sensor
technologies measuring various physical entities. Namely weather stations and monitoring systems

3. Model output is also a significant generator of environmental data with results from previous

model runs often stored for subsequent analysis [6].
The local circulation systems developed on the background of synoptical processes play significant role in
the spatial-temporal distribution of weather determining parameters. The study of all those phenomena
includes both the mathematical modeling and separate analysis of microphysical processes, important for
precipitation formation, temperature and wind field distribution, also the processing of long-term observation
series of those climatic parameters.

It has been revealed that precipitation annual distribution has diverse type, with sharply expressed
spatial inhomogeneities. The local circulation systems developed on the background of synoptical processes
play significant role in the spatial-temporal distribution of weather determining parameters.

To envisage all abovesaid strong wind velocity repeatability for Kutaisi is presented for 1984-2014 year
period.
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Fig.1. Wind velocity 20-25 (m/sec) (a) and >25 (m/sec) (b) repeatability number by month by Kutaisi station
data (1984-2014).

Discussion

The climatic observations often show quasi periodic variations similar to solar activity cycles over a
wide range of time scale. However, the detailed mechanism and the extent of the influence of solar activity
on climate change have not been clearly understood, several possible mechanisms are proposed; such as the
forcing through total and spectral irradiance, solar wind and the galactic cosmic rays [7]. The Earth
Observation System (EOS) program is designed to examine the role of Earth-Sun connection in wide-scale
global processes in order to determine the function of the Earth as a single system. The one of natural reason
of global climate change are the Sun’s insulation (light and heat), its magnetic flux, and the relative position
and orientation of the Earth to the Sun.

Geomagnetic storm is a major disturbance of Earth's magnetosphere that occurs when there is a very
efficient exchange of energy from the solar wind into the space environment surrounding Earth. These
storms result from variations in the solar wind that produces major changes in the currents, plasmas, and
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fields in Earth’s magnetosphere. The largest storms that result from these conditions are associated with solar
coronal mass ejections (CMEs) where a billion tons or so of plasma from the sun, with its embedded
magnetic field, arrives at Earth. CMEs typically take several days to arrive at Earth.

The correlation between geomagnetic storms and 2014-19 year period meteorological elements
(wind, pressure, temperature, precipitation) for Georgian region using meteorological observation and
NASA'’s Solar Dynamics Observatory and NOAA Space Weather Prediction Center data has been conducted
[8]. The results show that there exist dependence between weather parameters and income radiation.
Especially important is wind parameter variability investigation. Such research hasn’t been carried out yet in
Georgia and is important for space weather researches.

Economic and other losses from natural disasters are increasing throughout the world. According to
the International Disaster Database (EM-DAT), over the last 70 years, hydro-meteorological disasters have
shown the fastest rate of increase of all disaster types. Hydro-meteorological hazards such as severe floods,
storm surges, landslides, avalanches, hail, windstorms, droughts, etc. are expected become more frequent and
severe due to climate change, degradation of ecosystems, population growth and urbanization. Innovative
solutions in which natural processes and ecosystems help solve different types of societal and environmental
challenges — so-called Nature-Based Solutions (NBS) - have emerged as effective means to respond to such
challenges. Using NBS for hydro-meteorological risk reduction and building climate-resilient landscapes
offers the possibility to break away from traditional practices and enable to reconnect our land management
practices and developments with nature in order to achieve multiple benefits to ecosystem services and
functions of ecosystems. However, cost-effective design and implementation of NBS is only part of the
answer — these solutions need to be adapted to diverse local and cultural contexts and integrated into broader
land and risk management strategies. They require holistic perspectives and frameworks. At this time, there
are no examples of successful NBS use to reduce hydro-meteorological risk and increase climate resilience
that can be upscaled and replicated. There is a clear need for effective demonstration and evaluation of NBS
to build an evidence base.

As acknowledged by the European Union, NBS provide sustainable, cost-effective, multi-purpose
and flexible alternatives for multiple objectives; between them biodiversity and ecosystems, natural
resources management, sustainable urban development, climate change adaptation and mitigation and
disaster risk reduction. Green infrastructure can help in regulating ambient temperatures, reducing storm-
water runoff, reducing energy use, sequestering carbon and by creating affordable recreational opportunities
to improve residents’ health and well-being. Working with nature, instead of against nature, can also
accelerate the transition to a greener and competitive economy.
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Abstract: Drought is a frequent phenomenon in Georgia. The drought indices are good indicators of climate change, as
they involve temperature and humidity variations. The objective of the study was to evaluate the correlation of SPI and
SPEI for selected locations on the territory of Georgia. Based on the conducted statistical analysis drought indices
were evaluated. The study is important for drought monitoring.
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Introduction

Drought is frequent phenomena over the Earth. Especially its intensity has been increased due to
global climate change. It is also frequent event in Georgia too. Its frequency in some areas exceeded 40% in
the 80-ies of the last century by certain early estimates. As a result of frequent droughts accompanying the
global warming in past decades transformation of many types of natural landscapes has been observed. The
desertification probability of steppe and semi-desert landscape of eastern Georgia by the end of the twentieth
century has reached 25-30%. According to official figures, by the result of intense droughts area of over than
200 000 ha is strongly affected for present. Property damage caused by drought is very significant [1].

The observation analysis shows that various degree drought may take place all over the Georgian
territory. The event frequency is expected mainly on spring, summer and fall seasons. During winter due to
frequent cyclonic and frontal periods dry day duration is less. The drought day number and dry period
frequency increase from the Black Sea regions through east or in direction of continental climate [2].

Drought genesis in Georgia is depending on cyclonic and anticyclone motions. In first case rainy
days are frequent and in second dry periods, with high temperature and low humidity of different durations
have been taken place. If air masses directed from Arctic are dry and cold. They spread over long territories
and stable anticyclone system is established on east-south parts of Europe. During such situation dry period
happens in Georgia. If air masses are invading from east high temperature and low humidity dry weather is
standing. Such periods are more brutal and dangerous [3].

Data and methods

Many drought indices were developed and used ranged from simple indices such as percentage of
normal precipitation and precipitation percentiles to more complicated indices such as the Palmer Drought
Severity Index. The understanding that a deficit of precipitation has different impacts on groundwater,
reservoir storage, soil moisture, snowpack and stream flow led American scientists McKee, Doesken and
Kleist to develop the Standardized Precipitation Index (SPI) in 1993.

In 2010 WMO selected the SPI as a key meteorological drought indicator to be produced
operationally by meteorological services. he Standardized Precipitation Index (SPI-n) is a statistical indicator
comparing the total precipitation received at a particular location during a period of n months with the long-
term rainfall distribution for the same period of time at that location. SPI is calculated on a monthly basis for
a moving window of n months, where n indicates the rainfall accumulation period, which is typically 1, 3, 6,
9, 12, 24 or 48 months. The Standardized Precipitation Index (SPI) is a widely used index to characterize
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meteorological drought on a range of timescales. On short timescales, the SPI is closely related to soil
moisture, while at longer timescales, the SPI can be related to groundwater and reservoir storage. The SPI
can be created for differing periods of 1-to-36 months, using monthly input data. For the operational
community, the SPI has been recognized as the standard index that should be available worldwide for
quantifying and reporting meteorological drought. Concerns have been raised about the utility of the SPI as a
measure of changes in drought associated with climate change, as it does not deal with changes in
evapotranspiration. Alternative indices that deal with evapotranspiration have been proposed [1].

The SPEI is designed to take into account both precipitation and potential evapotranspiration (PET)
in determining drought. Thus, unlike the SPI, the SPEI captures the main impact of increased temperatures
on water demand. Like the SPI, the SPEI can be calculated on a range of timescales from 1-48 months. At
longer timescales (>~18 months), the SPEI has been shown to correlate with the self-calibrating PDSI (sc-
PDSI). If only limited temperature and precipitation data are available, PET can be estimated with the simple
Thornthwaite method. In this simplified approach, variables that can affect PET such as wind speed, surface
humidity and solar radiation are not accounted for. In cases where more data are available, a more
sophisticated method to calculate PET is often preferred in order to make a more complete accounting of
drought variability. However, these additional variables can have large uncertainties. Calculation of the
SPEI is implemented in the R package SPEI [4].

In order to conduct research meteorological observation data of National Environmental Agency has
been used for selected stations during 2001-2019 year period. The selected station data satisfy all requ-
irements of research: passed QC, are continuous and homogeny. Those stations are: Bolnisi, Dedoplistskaro,
Gori, Khashuri, Thbilisi, Telavi, Tsalka, Sachkhere and Zestaphoni

In study Pearson correlation coefficient (PCC), determination coefficient (R%), and root mean square
error (RMSE) criteria, which are among the strong statistical criteria, were used. R* ranges from 0 to 1, with
higher values indicating less error variance. The RMSE is the square root of the variance of the residuals. It
indicates the absolute fit of two data set and lower the RMSE the better performance is.

Discussion

In order to compare drought indices, scatter diagrams of indices were drawn and statistically
evaluated. For this, R? and the RSME were used. Correlation between data sets is a measure of how well they
are related.

At Gori, SPEI index decreased while SPI has an increasing tendency. At the Tbilisi location all
indices indicate that monthly precipitation decreases while water vapor evaporation increases. At Telavi
station all SPEI indices have the decreasing tendency and SPI indices increasing, which demonstrates on
precipitation amount is increasing. Thus, SPEI and SPI indices reflect the complex mosaic character of
Georgian climate change.
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Fig.1. SPI, SPEI indices for Zestaponi and Tsalka stations in 2001-2019 year period
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The most common measure of correlation in stats is the Pearson Correlation Coefficient (PCC),
which shows linear relationship between SPI-SPEI is quite high, RMSE (SPI-SPEI) is low especially for
Khashuri and Telavi;

PCC for SPI-SPEI is high. R%s low for all stations. RMSE (SPI-SPEI) is low which means perfect
fitting, (Tab.1).

Table 1. Statistical parameters of selected stations

Station Covar Kurt Pearson | R*spi | R’-spei | RMSE

Zestaponi 0.857534 | -0.49676 | 0.942305 | 0.0027 | 0.0188 | 0.025909
Tsalka 0.857534 | -0.49676 | 0.942305 | 0.0695 | 0.0695 | 0.009268
Telavi 0.857534 | -0.49676 | 0.942305 | 0.0013 | 0.0263 | 0.015006
Thilisi 0.857534 | -0.49676 | 0.942305 | 0.0058 | 0.0347 | 0.017471
Sachkhere 0.857534 | -0.49676 | 0.942305 | 0.0241 | 0.0016 | 0.021206
Khashuri 0.857534 | -0.49676 | 0.942305 | 0.0064 | 0.0918 | 0.009364
Gori 0.857534 | -0.49676 | 0.942305 | 0.0034 | 0.0315 | 0.000938
Dedoplistskaro | 0.857534 | -0.49676 | 0.942305 | 0.0233 | 0.0785 | 0.016065
Bolnisi 0.857534 | -0.49676 | 0.942305 | 0.0006 | 0.0102 | 0.010778

The obtained results may be used in modeling of hydrometeorological disasters to develop
forecasting system in Georgia [5].
The research shows that related studies must be carried out for a relatively long series of data using different
indices, which allow a clearer picture of the droughts evolution and may be used in early warning system to
protect environment and citizens.
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Abstract. In this paper the definition of the term "collecting tourism" was revealed. The positive impact of the de-
velopment of information technologies on the field of tourism and the possibilities of applying geographic information
systems in tourism were considered. It is suggested to use the mobile application "Seek by iNaturalist" during the
organization of collecting tourism.
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It is advisable to start the presentation of the main material with the definition of the concept of
“collecting tourism”. Having analyzed the works of Ukrainian scientists among the available resources
(scientific publications of various profiles, manuals, textbooks, etc.), we can conclude that Ukrainian
tourismologists have not singled out collecting tourism as a separate phenomenon in tourism until now. Such
a result of the review of the available materials is quite natural, since tourismology as a scientific discipline
in Ukraine is only at the beginning of its development and formation, therefore it is characterized by
incompleteness and gaps in certain issues.

We offer our own definition of collecting tourism and a vision of its place in the classification of
types of tourism by objective. To our mind, collecting tourism is a type of tourism that is organized for the
purpose of collecting components of the natural environment for basic needs, i.e. food, or to satisfy cognitive
and aesthetic needs. Thus, hierarchically smaller taxa will be its subspecies: one — for the first necessity (this
definition includes the collection of mushrooms, berries, nuts and other plants for the purpose of their further
consumption) and the second — for cognitive and aesthetic pleasure (collecting of samples of natural
components (plants, mushrooms, insects, mollusks" shells, minerals or rocks, etc.) to supplement your own
thematic collection).

We believe, that it would be appropriate to consider this type of tourism activity as one of the
components of a large group of active types of tourism. Based on the fact that active tourism refers to all
tourist trips in a diverse natural environment which are characterized by an active way of moving along the
route, i.e. making physical efforts of the tourist, it is possible to testify that collecting tourism falls within
this category of tourism activity because of meeting two main criteria: conducting tourist activities in the
natural environment and making physical efforts of the tourist [1].

With the development of science and technology, their active involvement into all spheres of human
life began. The tourism sector was not an exception. It will be appropriate to use geographic information
technologies for its development since tourism is directly related to the geographic rind of the Earth.
Ukrainian authors in their scientific work define geographic information technologies (GIT) as a set of
methods, technical and software tools that deal with geographically coordinated information (spatial data)
and ensure the formation of information products endowed with useful consumer properties on its basis.
Geographic information systems (GIS) is a modern computer technology for mapping and analyzing objects
of the natural environment, as well as real events that take place in it. GIS-technology provides a new, more
modern, more efficient, convenient and fast tool for analyzing and solving problems [2, 3].
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One of the most common ways of applying GIS in tourism activities is orientation and
georeferencing through the use of mobile applications. The Google Maps platform is very popular (more
than 10 billion downloads from GooglePlay and rate Nel in section “Navigation” by AppStore) as a separate
application and as an addition to other mobile applications (https://play.google.com/store/apps/details?id=
com.google.android.apps.maps, https://apps.apple.com/us/app/google-maps/id585027354). We suggest
considering one of the application options in the case of interaction with a third-party application.

A person directly interacts with all the components of nature that are the objects of his attention
during collecting tourism. It is common knowledge, that tourists have different levels of experience. People
need to orient themselves in the objects that interest them in the case of this tourism activity. So, for
example, tourists can study in advance and take thematic guides with them on the hike in order to recognize
the types of plants, mushrooms, mollusks, etc. Programs that can replace paper manuals appear with the
development of technology. One of these is the mobile application named “Seek” which is a mobile
supplement to the “iNaturalist” program — a joint initiative of the California Academy of Sciences and the
National Geographic Society (www.inaturalist.org/). The interface of both the “Seek” application and the
“iNaturalist” program are quite convenient and will be understandable to tourists of different ages and
experience.

The main purpose of using this mobile application during collecting tourism is to recognize types of
biodiversity. It is important to note, that the recognition accuracy is quite high because the computer vision
model includes 15,798 species and 12,524 broader taxonomic groups such as kingdom, phylum, class, order,
family and genus.

The user must have a smartphone with a serviceable camera to work with the application. This
software is installed on iOS and Android operating systems, which makes it possible for a wide range of
people to use it. A person needs to point the smartphone camera, turned on inside the application, at a live
object and wait for the specified name to appear to identify a species. After that the user takes a photo of the
object and receives an informational report, which includes his own photo taken by the user, a photo
example, the name of the species in Latin, the date of the study, the area of distribution, the taxonomic series,
the number of similar studies in the world published in “iNaturalist”, and seasonality of recorded studies. All
studies are stored in the application and the user can view them at any time. Anyone can publish a researched
species in the “iNaturalist” environment with the help of the “Seek” application, thereby enriching the
publicly available information base.

Fig. 1. Locations of the studied species in the “iNaturalist”
on the example of an area of the territory of the Kharkiv region, Ukraine
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A significant advantage of this application is its combination with Google Maps. The tourist can use
the web-map to view the species that have already been explored in his location and beyond in addition to
orientation. Figure 1 shows the geographical distribution of the studied components of nature on the example
of an area of the territory of the Kharkiv region.

The use of this application in the process of collecting tourism is expedient, as it greatly facilitates
the process of recognizing objects of tourist interest, namely representatives of plants, insects, mushrooms or
mollusks, and also makes automatic georeferencing thanks to the connection with the GPS-module built into
the smartphone. Indeed, it is worth noting the problematic points that may arise when using it, namely the
definition of a unit of biodiversity at higher taxonomic levels, i.e. the difficulty of definition to the species
level. The reason for this may be the lack of exploration of the territory on which the hike is planned.

Summing up, we can conclude, that the development of information technologies provides new
opportunities for conducting tourism activities. In particular, the use of geographic information technologies
and web-maps facilitates the organization of tourism. The use of the mobile application “Seek by iNaturalist”
during collecting tourism makes sense and is expedient in order to increase the level of convenience of the
hike for the tourist, as it is compact and rich of information.

In the course of further research on this topic, it is possible to consider the issue of developing travel
routes for collecting tourism using GoogleMyMaps based on the database of the “iNaturalist” platform.
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MONITORING OF CHANGES IN ECOSYSTEMS AS A RESULT OF
HOSTILITIES ON THE TERRITORY OF UKRAINE (ON THE EXAMPLE
OF THE DVORICHANSKYI NATIONAL NATURAL PARK, KHARKIV
REGION)

Veselova K.S., Borysenko K.B.

Kharkiv National University named after V. N. Karazin, Kharkiv, Ukraine

Abstract. The Dvorichanskyi National Natural Park (hereinafter referred to as the NNP) is an environmental, scientific,
recreational institution located in the north-eastern part of Kharkiv region. Obtaining information about damage
during hostilities allows you to assess the consequences and develop recovery ways. Thus, the article considers the
consequences of hostilities on the territory of Ukraine, namely on the territory of the Dvorichanskyi NNP. The impact of
catastrophic actions on the flora and fauna of the studied territory has been discovered. Images of the territory using
NDVI, True Color, False Color and NDWI are analyzed. Possible causes of dehydration of the Oskol River have been
found.

Keywords: Natural Park, flora, fauna

Geographic coordinates of the study area: 49°51'07" N, 37°43'59" E (located in the Dvorichanskyi
district of Kharkiv region and lies within two village councils: Kamensky and Peskovsky. From the north, it
is bounded by the state border with the Russian Federation. Several settlements are adjacent to the territory
of the park, in particular, it is located by the only massif in the river valley Oskol between the villages of
Novomlynsk (in the south), Krasnoe First (in the east), Petrovka, Peski (in the west) and Topol (in the
northern part)).

To date, a number of scientific and
methodological works are used in the State
Border Service of Ukraine as a scientific
Under threat of (iSERISHSH and methodological base for environmental
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United States, on the basis of Civil Defense
authorities, in 1979 it was established The
Federal Agency for Crisis Management (FEMA), where a system of computer modeling of solutions
(PARM) was developed to improve the sustainability of the economic complex as a whole and the safety of
its vital facilities in a special period. The geography and climate of Ukraine have endowed it with an
amazing wealth of flora and fauna. Its territory accounts for 35% of Europe's biodiversity [4]. These are

Fig. 1. The area of protected territories affected by the war
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70,000 species of plants and animals, many of which are rare or endemic, that is, they are present only in this
area. However, the war to date has affected about a third of the entire nature reserve fund, according to (Fig.

).

The Dvorichanskyi NNP has been under occupation for a long time, so no one extinguished fires at
these places, which caught fire en masse in the places of operation of jet artillery. The territories of the
Dvorichanskyi NNP are no exception and also suffer from such actions. From the first days of the war, they
suffer injuries that cannot be restored in the near future.

That is, a full-scale invasion Russia has caused and continues to cause huge damage not only to
people and infrastructure, but also to nature. So after such a brief acquaintance with the general situation, we
can proceed to the analysis of catastrophic phenomena on the territory of the Dvorichanskyi NNP.

Thanks to the tools and opportunities to work on the EO website -Browser, which stores a large
archive with many types of satellite images from Sentinel, Landsat, etc. There are analyzed catastrophic
changes and consequences of changes in military influence on natural objects of the territory of NNP
Dvorichanskyi, where the basis was satellite images from the Sentinel - 2 for 2021 and 2022, respectively.

Bolohivia

Boodanivike - o Bogdaniv

Fig. 2. Picture from 2022-08-24(True color) Fig. 3. Picture from 2021-08-26(True color)

Even with the first visual analysis of the images (Figures 2 and 3), we can see changes in flora and
not only in this area. The first thing that catches the eye is the lower planting of the circumferential fields.
Unfortunately, the situation in Ukraine made this process
impossible in certain territories.

In these pictures, it is most convenient to analyze fires by
the combination false color (burnt places are highlighted
with dark colors, which makes them more visible on a red
background) (Fig. 4), but for more accurate and detailed
analysis we also use true color (visual determination of
affected areas based on real colors) and NDVI (helps to
find affected areas by displaying areas with a reduced
number of healthy plants).

Lyman
Druhyi

The use of artillery and strike aviation on the territory of
the Dvorichanskyi NNP entails forest fires, which in arid
conditions can destroy thousands of hectares of forest and
further turn into
a fire. In this picture we clearly see these dark spots, meaning
forest fires, and this means only one thing - an ecocide against
Ukrainian objects of the nature reserve fund, which have now Ayman
become a stage for hostilities. Druhyl

Fig. 4. Picture from 2022-08-24(False color)

Also, we can notice such points of lack of forest cover. Obviously,
these are traces of arrivals that did not lead to the ignition of the
territory. We can see these catastrophic changes with the help of
NDVI (Fig. 5), which once again confirms the above.

Fig. 5. Picture from 2022-08-24(NDVI)
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Attention should be paid to the Oskil River, which, due to causal relationships, affects the grassy cover of the
area. This river was a decoration of the park - the second largest in the region and the largest left tributary of
the Siverskyi Donets. The park includes approximately 24-kilometer section of the bed. As of February 24,
2022, the water level in the Oskil River according to the hydro locust located in the city of Kupyansk, was
617 cm above the zero of the post. To date, the river has become significantly shallow, we see this change in
terms of color intensity and the detection of annual deposits in certain places, which also indicates a decrease
in the water level (Fig. 6, Fig.7).

Fig. 6. Picture from 2021-08-26(NDWI) Fig. 7. Picture from 2022-08-24(NDWI)

This situation can be explained by the fact that the reason for the fall in the water level was the
explosion of locks on Oskilske and damage to the dam at the Pechenezh reservoirs, respectively. It is also
known that there are dams and other places of water regulation in the river upstream on the territory of
Russia, which can also explain the decrease in water level.

So, we can say that the Dvorichanskyi NNP, compared to other territories, did not suffer so much,
but we still see terrible consequences. First, it is the destruction of a significant area of forest plantations, the
restoration of which will take many years. This is the destruction of species diversity of flora and fauna,
including many rare species of the Red Book of Ukraine, the European Red List, endangered species.

Combat operations related to the use of air bombs and shells violate the relief and uniformity of soil
cover, kill flora and fauna. For example, one kilogram of explosive of an ordinary bomb causes an ecosystem
disruption on an area of 12.5 m2. Shell explosions pollute soils with a significant concentration of heavy
metals. They are toxic even in minimum quantities. they can't stand by processes. Decompositions are
concentrated in living organisms, causing different pathologies. Heavy one’s metals can gradually move into
groundwater, which adversely affects health human.

So these terrible times for the civilized world have become a tragedy not only for people, but also for
flora and fauna. After all, events taking place on the territory of our country lead to a decrease in populations
of animals and birds, to dehydration of rivers, to a decrease in groundwater levels, to liquefaction of grass
and forest cover. That is, they carry huge environmental problems. And when flora and fauna in Ukraine will
recover after the local ecocide, no one will predict.
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REFLECTION OF CLIMATE CHANGE IN KARST TERRAIN (CHIATURA
MUNICIPALITY)

Khandolishvili L.

Ivane Javakhishvili Thilisi State University, Thilisi, Georgia

Abstract. Climate change is a global problem and threatens the preservation of Earth's diverse ecosystems. Caves play
an important role in the study of climate change. They are an archive of climate change, so it is important to protect
caves and use them for both scientific research and sustainable farming. Depending on the relevance of the topic a
regional study was conducted in Chiatura municipality, which is located in western Georgia and is a classic area of
karst relief distribution. There are 110 caves in the study area, most of which are partially explored. The purpose of the
paper is to study the karst relief and to assign functions for their correct use, which is important for the development of
scientific fields as well as for human economic activities. During the study of the karst landscapes and karst aquifers,
the space was studied with the following methods: cave monitoring, comparison, analysis of results, in-depth
interviews, etc. The research analysis clearly highlighted: the role of caves in the study and prediction of climate
change; Importance of multipurpose use of caves, negative effects of human's irrational economic activity on the
environment; Consequences of disturbance of natural balance and their impact on climate change. Finally, a
recommendation was prepared, which is important both at the regional and global level, as it is aimed at maintaining a
sustainable environment and its protection.

Keywords: Karst terrain, Climate change, Environmental protection.

131



sboggsbMs 3936090Hms bsgMmsdmemolim 3mbxgmgbios ,gsdofol 99alfsgmgmo dg3bogmgdol
096599000M39 3G:0MmdEgdgdo“
963900, ISBN 978-9941-36-044-2, odoolo, Lodo@mggem, 21-22 bmgddgeo, 2022 §.
International Conference of Young Scientists "Modern Problems of Earth Sciences"
Proceedings, ISBN 978-9941-36-044-2, Thilisi, Georgia, November 21-22, 2022

30033 9dLvMo 3¢08sG OO 356589BHMJOOL gom35¢olfobgds Loddgbgderm
3003530 IM50mbgdoLsL 3¢0dsE ol 33¢0Egdol gmbby

*Jor39000d300 ., *JMOME5d30¢0 ., *bgg@osbo 9., *Lwmersdg b.

Bbo3 got90eals 96303609¢0 bssggben
*beabrydol bsbgerdfoger #960396bo39G0

360Bs0s. 92560 30(Hm89BT0, BMFATG J30¢PMZOLIH0, 0l FsBHIHOSErwBHO 0935¢bs beGoboor dgryd-

989005 009870 0fbsl bimtko 3o@spy3a¢roegdgdo  deapgdapcmo sgoerol 3enodsdepmo 3068980l
35035¢0bpobgdol 3s5k9dy.

356b5 37900098000 9603369035605 3000059 9H0 306028980L ©IHSCrrIt0o dgbfsgers obgoro gz9960bscmz0b,
B850 UsgotGozgenes, Hmbgamog bsbosogds 3¢70ds@ob dMms35¢0396369800. sbgo Jpotkg BgHodm-
©05Y9 33630985 0000J00L g39¢7s 3¢P005HIH0 babgdO oGBS MHOLs. 50IS© FcPOTsHLIHO 30(HMBHBOl

dbpsgems Pse3msoggbl 39¢m9300 bogsbb.
ps&dmeggbocr 6539600300 3s6bogreemos 30003¢g g0 3¢r0059IH0 35650990900l 3sbspoergBscs 35~

6026230998560 3¢200590b 33¢0eng80L B36YY. 3065036 bsdodo 3¢r005¢9I60 3068980l 30283¢m97bgdo
356b5 3900098000 boygn®s@m9brrs 936080306  obgoro 0363960  35630005(980L5030b,  Gagmtopss
bs889698¢702 0boUBG0s, HIH0 B0 5 U339 He2 G9-969690285, 9696G39D 0329670 G9bradlindol 9str0935.
6596mF0 gs6borryemos FJsolb s h000l 9608030 303¢ng9bo, Gm8gerbsg 0608 [0l wfea9896.
©s99353989cm0  Jgormoz0l 8obgz000 8sbls bmzmoyemos 9.f. 0kbodo (3009806 Jsbsboscgdergbo bsgstr-
0392l bb3solbbzs  H930mb980Lorzol, Gomgdryero  8mbspgdpdol bsgndzgcr by §935b9829¢m0s 06080
pi20d980b  Ygdmdacgdol bstolbbo bbzssbbzs 693006980 Jobgw000. bszombob sbgomo 3sspfya93s 89-
6530602898b G9bmB980b 0sb9lH056960L356 ws330L Gglisbsdolo beadgbols Fowgdsl.

U533560m bodg3980: 3¢7005:90, 3¢700sH0ob 3acrom9Bs, bsdggbaberer 0bXbBHG0s, 06080 3005

9065560 (dJoMHomso bsffoeo)

153d9bgd ™ MBd09YIBgool LHmOO  ©Igad0Mgd0l BoBbom 530090 YEI0S  AOMZOEOL-
$obgdme 0469l 500l 3e0To@ MO 3060HMBYDO. 3600dsEMm0 Bmbo3gdgdol Logwydzgubg bogds
15d9b9gdM 3e00ToBE MO BMMIGOOLS s FobolSMYIGOOL 2oblisBOzMs.

Logbmzmadgo s Lodmdowodm boggdmdgdol ddgbgdwmdol 39gd3ol oBOET sbowo
L5dd9gbgd™  FoLoEgdolL  godmygbgdoom gobsdoMmds bmMIs@orwo bsddgbgderm bm®mdgdom s
09Lgdom Qom3z5tolobgdmo 3e0dsd Mo 306MHMdGOOL MBOM DMLEO FbLsbP3MOL s Tgls-
0590L0 139(305W0HYOMEO Fobol0sMYOYGOOL T¥)T539d0L 599(30GOMDS.

505, 9 09 Md09JBDY 3E0dsEHob Bgdmgdggdol GgLolfogwre® ©ogboo Mbs 0dbgl Mmam;
OMHYMBOMO, 5939 OIWIIOMNO 30ToGIM0 BodBHMMYd0. BdFOMM 3€0TsGHMO 356589xEMIOOL -
Lopabo dmmm (engddo FoMomm@  odmoygqbgds 99d39M0dbGMo s MYMBOMWO  YodMm3-
3193900. 99605 500608bMmL, MHMA 89360 JsbsLOsMYOIE0, HMIgd0E Fd967dEPMdST0 250Mm0ygbgds,
596005 5MLYdIMWO  JWods@EMo  FobsLosMYIdol dobgzom. gl doMOMOIE  HMOL
3939990 39399 9396@ 900l Lsdsm s gduBHMdseMo 360d3zbgarmdgdo. gduEHMgdo
dm3gbgdl 943l OO 2o3ghs  LEBMYIMYBLS s 93MLOLEYDY. ToIEO S WSO

132



39939653900, 256L3MPMGd0m 9JuEGOgdocrmEmo Boergdgdo dogd bgdmddggdsl bbb
909690 mdsbg (096mdYdOL 0dMEgdb03Me Mg10dbY), 9696MaxE035D9, fywol MHglm®LYdbY s 5.9.

308530l Mom©YbmdM03Z obolosmgdgdl, MMM 9M30wgdgw bmMIgdl, sd3MHmgd-
A900LsL 0mM35oLobgdgb sME v 0ly OO BBOS (FoLEo Lo3bol 30M39wo bsbg3M0WI6).
65390Mdsms ©3MMYJEHIOOL 0LBHMM0sdo 5MHOL OlgMO 3gHoMmEIdo, OHMEs AbmBEoml bbgsalbgs
939960L  5MJo3gdBH™Mmd00 O YOOIl 993930090 256986 BsLOL s  GHMTBYPNOLY6
00900696 5®JodgdBMOME 603MTgOL. sToBHMI  9Mss olo3z06M0, MmI Lbgosolbgs 3wodo@ O
300009030 5996900 9O BH030L boggdMmdgd0  5M3MIBMOGHIWO 0gm. SBY  FoRIOMO,
53960030l BOOWwMgm Gs0mbgddo 9390w 0dbs Lobgrgdo, MMAgwmsi 30896900 3Jmboom
390956 2-3 LommME0sbo 3009900, HMIO0E BFMIMT0 0GBIMIOMPS MNMIO0 S Yobr)Eom
@5 dbgengds AmbobEgmdol ot Lsdygs®mbomsb 3mbEod@l. LodbMgm Mosombgddo 3o bdoMsq
58969000696 obgom LobgdL, HMIWGdOE 3960EO0HIL AoIbHYMYdSL.

1599bgd™m BMIgdoLs s glgdol 99dm8s3900L 9999 IYOBES LsddYbgdrm-3ero-
3530 bm®Igd0, HMIGWmS Aom35¢0olobgdomsi Gglsadwgdgeros oYL JoM39MeE» Jero-
9oGv6 300m9dd0 MHMYMMO 55390M39d0 5039g0MP. LOJsMIMZ9W™MT0 5©0b0TEMO 0O GO0
06@9bbomMo 3xdomds s0fgm ol Bo3mbol s 39MHOMPOED, GOl Fggass3 GHgeMo-
AMO05 S0YM 300035EHMIO G0MbBIdI© S 39 MS0Mbgds.

900900 bmMdgdol dobgz0m, LBV MMb M0MbI© ©IYMBOE  BHIMOGHMMOL
LORAZEOE Y™ F99IA0 J0ToBIM0 TobsllosmMGdIWGdO: Y39esby (3030 ™30l Lsd o™
AH9939M5BH YOS - 0563M0L ((t 0563 ) o ggsbyg 3bgwo m30L 3Hgddghodmes - 0geolol (t oz ).
3b®odo-1 dmEgdwwos 53 GHIOHoGHMMo0L LsbdP3zMgdo. dsldo dm3gdMEo M0MbYIdO IYMTBOOS
95369039 939 ©50mbgds. Lsddgbgderm  Ms0mbgdols s Fglgdol msbsbdo I-II ®sombdo
39035¢00bf0bg00s BoBMOOLOYSE T353M0 (339, beem III-IV-Go - 3bgwo Dogbryarolgsb. b
9mbs399900 534985398905 ymgowo LLM3-ol 3gHomedo.

35M0o 1. 3000853 wIMH0 EM50MBYOS SMBYOI0 153FgbgdM bMOTGd0LS s Fabgdol Jobgwgom.

506900 T ossasm0 °C t ogeoto °

1 -28-@sb - 14-0q9 4-sb 22-9q)
2 -14-sb - 4-0q) 10-ob 22-8)
3 -14-@s6 0-0gg 10-s6 22-3¢)
4 -6-56 +6-0@g 28-sb 32-9q

50 M50Mbydol dobgz0m gOH® 30do@ENIO LoGEYgedo s©0dMBBES GHYMHOGHMM0YdO doer-
Gool30MHg0sb 3e5035335H59©Y. 30dsBHMHo 306MdJO0 53 Mgaombdo 93390005 goblbgsg-
09905 9OHT5bgmoLYsH. 530EHMI OMMS 2563530580 BJIMOS 256339190 (330 gdgo0l 8-
G965 o 399396M5BHOLMb ghHmo 0bgmo 3@ gagdgbGHgdol ©sdsEgds, MHMYMMIOOES
359600L Lobm@E0g3g, dBoL 650mgdoL bsbYMAW0ZzMds, Jomol Lobdstg s Lbgs. sdob ©sdsEHgdom
396md900 0ym 3930 0B M63E0MG0ME0, 300069 5MY. [3].

930bmdozol 535 0¥) 00 IMROL 3OMIYIEJOOLIL (39 3YME0  JE0TsGHMMO  Tobolins-
090900l 2569, SME0EgOYos bgoslibgs dg@gmgargdgb@gdol 9gbsdqdgdols sEdsmMdsms
39bLsBO3Ms, LYo oGO FoboLsMYOGOL GfMGds 3MI3WgJumOO 300ToGH OO obobios-
093gd0. 535, ™) 00 Md0gdBDY JodsBol Bgdmgddgwgdol Tglsbffogers® sEYIbowo Mbo
0969, MMQMOF MOOYMBOMO, 55939 IIO00 3W0TSEGHIO0 BodBHMOYdO0. 30033 gdumEmo Jeods-
GO0 5bsL0sMYOO0 E5RJBOO0s SOLYIMWO 3e0TsGMMO TobolinsmGdGdOL omowrobfjo-
6gdom, M3 595MEH0390L ©@s bgwl Yfymdl Fso ©BYMR3L  3Med@03sdo. 13gE0sw0bIdMwo
30853 OH0  JobobosmMgdgdOL  QobLEBEOZOOLOMZOL LoFoMms 303MEIM  F9EHIME3306039350

0530590090560, I9gBHIM O 3X0TSGHMELMA0MHO 0bBMMT5300L Jgi3eligds s GOl dg@gm-

133



99896@ 90l IGO0l 3538060, Goms 5GIMLGIOHMIo 0dE0bstg 3OM3gLgd0L BOBOIMEmO 356MbgdOl

3990myg9690001 Imbgll ImEgdmwo 30mb630MgEHwo sdmEsbol 4owsHY39Ee.

599056 98MmI0boMy, 9MHm-9Mo 9603369em356 Fsbslioomgdgals dog3m369ds (3H9d3geo-
GM65-L0bMmEGH030L 3m33egdlo, 53 Mgx0dol FgLobagzErsE SYEOWGdIE0s 3500560 3306390900
0o68mgds, Losi GHYI39MGHMIMOL bofgolbo Imbszgdgdol sdmMBg3s ymzgwo 5°C-ob 9909y vbws
0o00356MHmML, bmwm BsMEMd0Mo GHgbosbmdols ymzguwo 5%-ol d98gy. 30650006 (3H9gd3gMs-
GMOoL 933900 3300w gds, 3596M0L 3H9bosbmdoLs s 3H9gd3gMoG Mol M30MHgbo 360d3z69-
@w™dJdoL ©sdMH39g3s B0l 59gbgdl 93mbmdozol 659d0Ld0gM0 MRYOL I3MHMYJEBHJOL. S9950-
@W9dEMdSl [omBMmoqbl dom 3MMYJEBH9dsd0 TgBHIMOMEMROM0 9wgdgb@gdol dgbsdgdoms
39689069350 Md0L gom3500b{0bgds, Broms 56 Imbgl 3500 LogdudemsdsEom Embol 99d0Mgds.

303530l 3300gdol  396mbBmIogMgdol ©oagbs  Fow3gmEro  39EHIMOHMEMYOMMO
998963900l Logdzgwbg s sMHOL LOYWYMBOWO, 5dEYbsE doe0sb I60d3bgEMm3s60s sGUY-
MBIl 06RMMI>30s MO0 s FgBHo 3w0dsEOo 9ugdgb@gdol Jgbsdgdoms sedsMBIOOL dg-
Lobgd, MHMIgwoi 2o6530MmMOGAL 53 (33e0EgdgBL. AoBLSINMEMGOMEo 8B0d3bgEmds 543l 9.§.
939G 9™333¢gglgdol 56 Bbgs s Bb3s 3939m9wgdgb@gdol 2obloB3EMml HMIdOE 0330603900
595 v 00 36MM 39900l F0IEOBIMYMOOLSL.

B396L 8096 AsbLEBWZOMo 0dbs 5@MbRIMMEo bognrgdgdol s Jo®ol LoBds®ol ( 9.§.
060000 §300900L) 3mA3gdubo. dosmo gJuG®mgdocrmemo 3608369 MmdgdOL  Aobsforgdoms 39bmb-
BmIogMgdsbo MH™Ls s Logmagdo.

d009dmwo  dmbs3gdgdol  Logdzgmwby 9319353980 39MEH039WIO  HBYII30MDY
b0 000d0 303900l MomEYbmds MmO 2sblsBrzmmeE 3gMoml dmMol: 1961-1986 s 1987 -
2012 §§. Ls039bgdm 30d5EH MO IM0MbgdOL LEymaol dobbom dserosb oo d603-
36900md5 993L Jomol s {300l gOMMdE0z0 BgImdggdol (56w 9.f. 0Modo {300900L) @ob-
LOBEZOOL LoZOMb.
6596Hmddo [3] ImE3gdMEos 30MH39s©  BodoMmzgml  306HMdgd0Lm30L  2oblsbL3zGMWwo 396-
G035H Hg306Dg Inbo Boergdgdol MomEgbmds MMmIgmoa 033003905 bbgs s Lbgs
3960900l Jobg30m. OHMAMOG ©933003905ms 965¢0Bo 430639690L, 39MEHOIMMEO HYE-
3069 dmbmo bs¢rgdgdol Momgbmds m® sblibgs3zgde 3gMoml ImGOL bmash dbod-
3690m, Dmysb 30 8603369em3bs g0(339es. Fo90me, LEABOYM LodoMmzgwmdo 396MEH03s-
WO 93060y Inbeo bsgrgdgdol MHomgbmds doMomss d9d30M©s 5-sb 30 %-09.
399Mb53eobL Foedmoagbls s05Lmdsbo, Lol 9500bodbs Bowrgdgdol BMs 16%-00m. bogrgdgdol
Lo9gOOM X5d0 53MIM3g F9I3060©5, MPMbE FgsMgdom 6530900 Looom (-5%). 39HEHOIoTME
B933060%Dg  dmbmwo  bogwgdgdol  slgmo  dgdomgds  Fgodergds  soblbol ool Lobds®ol
d90306M9gd00m.

OMamO3 J00gdo dmbs3gdgdol sbswrobo g30B39690L 0Modo (300930l HoMm©abmdol
31905 J0M0MI© 50060dBgds 50BMLOZEgm Lodo®mzgerml s LadbMgom LodsMmmzgerml ¢dg@Egls
AIO0GHMO05Bg. 580 J0BgHBO JoMOMOIE 3M0L JoMOL BLORJIMOL 3egds. 39MEH0IOWIO S 3MEO-
DMbGHo® HBgs306HBg Inbivyer bsergdgdol HomEgbmdsl ImGmol bb3zsmdgdo sGMsgMmy35MM3560s.
Bmy0900 3996439000 3mOHO0DMbEGHIME bgsdomby dmbywo boswgdgdol 99dioMmgdol O™
9993060005 5939 39O G035 H93060JdBY b0 boegdgdols MomEbmds(s.

wOB60DYOME 396939000 5GIMBGIOH Mo Boergdqgdol Hom©gbmdol 39MEH035w6 Bgos-
3060909 LogMdbmds Jga30M9ds A9B30MMBYGOMW0s Jo®ol LoBJsMOL (33omgdom ©s 0b@9b-
LomEo MEBSBOBsgoOm. BMIgEoE dmem 50 (ool ds6dowby  F0dobsMIgMdL. LooMmN39w Ml
309 M0y ©50mbgdd0 3mMmOBMBEIWMO HBgs30mBg Inbeo 5GIMLBIOHMEo boergdgdol dgdso-
69008 B3M6YDY 39M03H0350E Bg30HDY IMbIo Boergdgdol MomEgbmd 56 Ggdi0Ms, 96 vo-
boMs 9608bgwmgzbo. 9.0. 93 396JFHgdd0 dmbs Jomol LoBdo®ol Mgg0dol, 96 bBoergdqdols
dmbgaol bobosmol 33390000 330 gds, 300900 dmbs3gdgdo bydmogdsl 0dwg3s MBRO™

134



DMGI© 0469l 4903500 L{0bgdMwo Lods®mzgeml 3¢0ds@mHo ™M30L939MHgdsbo, 3069 9u
939905 dmgddgo bddYbgdem 3e0dsde bmMIgddo.

308530l M9300mb5MH0 (33e00egds 39B30MHMBYOL m35-1dgdgd0L TgEygbol s30egd-
WMOdl, LoEs3  0MH0d0 300900l 5650BVIMO Qobsfforgds ImEgdmwos ™39930L dobggzom.

99009350 35009960 BXMI LodoOMZ3gEmlb BMYoghm 316J@gddo dmEol 5GIMLbBIHMEo Boengdgdol
mdbodzbgerm MH5Mmgbmds, bmwmm BmyoghHm 399000 JoMol deog®mo LoBds®ol godm dgbmdol
3900900 2sboEol 0M0do 300930l 0lgmozg Bgdmddggdsl HMYMEOOE SMHOL boJosMMN39w Ml 0d
3996939000, Loosi bowngdgdo dmeol dmgwo fiewol 3sbdoeBy. 0Modo (j30d9d0L sbgom GHgeo-

GO0 356500 gd5Bg 293wgbsls 5Bl Lods®mzgwml GO MOMAMIROMWO S JEOo-
oGm0 3060HMdYOO.

@OoBIOGYOS

1. 1sddgbgderm 300do@Mmo bm®mdgdo: . JoMmzgwrodzowo, 3. 89aM9wrody . JMMHEI30wo, MdOOLO,
2018.

2. HMOOLEGHW-6093609530990 MHGLOLYGdIOL Fggeligds: . JsMmzgeodzowo.

3. bogodomggemmbo  3e008s@ob  33wowgdol  gom3zswolfjobgdom  sbowo  Lsddgbgdwm  3wods@meo
BeaMgool osygbs @ @osbs JoOmggwodzowo, o3y dgaMgwodg, 3560by dgwododg [s Ubg.],
mdoobo, 2018.

4. Bodo®omnzggarmb Lsdgsbogmm-458myggbgd0mo 3e0dsd o 3bmdsMo, mdowobo, 2020.

5. 3033wwgdbmOo 3¢0005GHNO0 35653gBHMJO0L gom3scobfiobgds 899693 mdsdo, wosbs Js@mggwodzowo ;
9. 90BdIM5A300L s 3. K obgErodol, mdorolo, 2001.

CONSIDERATION OF COMPLEX CLIMATIC PARAMETERS DURING
CONSTRUCTION CLIMATIC REGIONS IN THE BACKGROUND OF
CLIMATE CHANGE

*Kartvelishvili L., **Kotolashvili G., **Khetsuriani M., **Suladze S.

*National Environment Agency, Tbilisi, Georgia
**Sukhumi State University, Thilisi, Georgia

Abstract. In today's conditions, both from the ecological and material point of view, it is impossible to make the right
decisions without taking into account the climatic conditions of the given place.

A detailed study of climatic conditions is especially important for a country like Georgia, which is characterized by a
variety of climates. In such a small area, almost all climatic zones except two can be found. Thus, the study of climatic
conditions is the subject of research.

The regularities of the distribution of complex climatic parameters against the background of climate change are
discussed in the presented paper. Since the complex of dangerous climatic conditions is especially important for the
development of such branches of the economy as construction industry, tourism and resort economy, management of
energy resources.

The paper discusses the joint complex of wind and rain, which is called indirect rain. According to the developed
methodology, the so-called Characteristics of indirect rains for different regions of Georgia, on the basis of the
received data, the quality of the slopes of indirect rains has been evaluated according to different regions.

Keywords: climate, climate change, construction industry, indirect rain.
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RESEARCH OF SNOWFIELDS EXISTING IN THE TERRITORY OF THE
AUTONOMOUS REPUBLIC OF ABKHAZIA IN THE LAST DECADE
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Summary. In the Autonomous Republic of Abkhazias’ glacial basins, snowfield dynamics under the impact of current
climate change is studied based on High-resolution satellites data from 2010, 2015 and 2020. The analysis of the
snowfields’ dynamics revealed that the impact of current climate change on the number and areas of snowfields is
obvious. According to the catalogue, there were 24 snowfields and according to the data of 2020 SRS, their number has
increased to 103, and accordingly the occupied area has increased from 1.4 2 to 2.30 to km’. At this time, small and
medium-sized glaciers with an area of more than 0.1 km’ rapidly degrade and their number and occupied areas
decrease, which automatically leads to an increase in the number and area of snowfields.

Keywords: glaciers, snowfields, Autonomous Republic of Abkhazia, climate change.
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DEVELOPMENT DYNAMICS OF LOCAL ATMOSPHERIC PROCESSES
AND THERMODYNAMIC STATE OF THE ATMOSPHERE

*Samkharadze L., “Davitashvili T.

“Hydrometeorological Institute of Georgian Technical University, Thilisi, Georgia
1L Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

Abstract. The article discusses the dynamics of the development of local atmospheric processes the thermodynamic
state characteristics of the ARL READY atmosphere, and the analysis of mutual comparison of real data obtained with
Kakheti meteorological radar. In order to confirm the results obtained, the cases were studied when in Eastern Georgia
in 2015-2018 severe weather phenomena (rain, hail) took place. It was found that for all the studied cases, the
numerical values of the CAPE characteristic of the energy instability of the ARL READY system were maximum, from
09:00 to 15:00 UTC, when due to the high temperature of the soil, favorable conditions were created for the
development of convection processes.

Keywords: instability energy, pouring rain, hail.
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SOME ASPECTS OF THE DEVELOPMENT OF PRECIPITATION
REGULATION WORKS IN EASTERN GEORGIA

Kapanadze N., Mkurnalidze 1., Pipia M.

Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia

Abstract. 1966-1990 are considered. During this period, some aspects of the development of trial and production works
conducted in the direction of fighting against hail and artificially increasing rainfall in East Georgia. The focus is on
the basic concepts of impact on precipitation-generating processes and the shortcomings that have had some impact on
the effectiveness of impact on hail clouds in the past. Prospects for restoration of artificial precipitation increase works
are set.
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LIGHTNING AND ITS EFFECTS ON HUMANS

Mkurnalidze 1., Kapanadze N., Khutsishvili E.

Institute of Hydrometeorology of Georgian Technical University, Thilisi, Georgia

Abstract. The paper describes the impact of lightning and its impact on various human life systems. Recommendations
on human behavior during lightning are given.
Key words: lightning, voltage, organism.
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Abstract: The data of ground-based (Prec MS) and satellite (Prec_Sat) measurements of the monthly sum of
atmospheric precipitation are compared using the example of Thilisi in 2001-2020. In particular, the following results
are obtained. In general, for all observational data (240 months), Prec_MS values vary from 0 to 267.3 mm, and
Prec_Sat - from 3.0 to 184.0 mm. Their average values are 43.6 and 64.8 mm, respectively. Monthly mean values of
Prec_MS vary from 16.7 mm (January) to 93.2 mm (May) and Prec_Sat values — from 32.5 mm (December) to 114.4
mm (May). Ground-based measurements are lower than satellite data for all months of the year. The difference between
the average values of Prec MS and Prec_Sat over 20 years varies from -8.8 mm (November) to -33.4 mm (March).
Ratio between the average values of Prec_MS and Prec_Sat varies from 40.6 % (January) to 81.5 % (May). There is a
direct linear correlation between the studied parameters. For all observational data (240 months) coefficient of
correlation is 0.86 (high correlation), for separate month changes from 0.65 (July, moderate correlation) to 0.94 (April,
very high correlation). Coefficient of correlation between average values of the studied parameters is 0.97 (very high
correlation).

Key Words: Atmospheric precipitation, ground-based and satellite measurements.

Introduction

Researchers need accurate and timely precipitation information to better understand and model
where and when severe floods [1], droughts [2], landslides [3-7] can occur. GPM Global Satellite
Precipitation Data helps you better prepare for and respond to a wide range of natural disasters
[http://svs.gsfc.nasa.gov/goto?11091]. However, the use of satellite precipitation data requires comparison
with ground-based measurements. Similar comparisons for monthly precipitation data, in particular, are
given in [8,9]. This paper compares the data of ground-based and satellite measurements of the monthly total
of atmospheric precipitation using the example of Tbilisi in 2001-2020.

Study area, material and methods

Study area — Tbilisi. The data of Georgian National Environmental Agency and GPM Global Sa-

tellite Precipitation Data [http://svs.gsfc.nasa.gov/goto?11091] about the monthly sum of atmospheric
precipitation for Tbilisi from January 2001 to December 2020 (240 months) are used.
In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [10]. The following designations will be used below: Mean — average values; Max - maximal
values; Min — minimal values; St Dev - standard deviation; Cv — coefficient of variation = 100-St Dev/Mean,
%; R — coefficient of linear correlation; a - the level of significance; the level of significance of the dif-
ference between the two mean values was determined using Student's t-test; ground-based data —
meteorological station of Thbilisi - Prec_ MS; satellite data - Prec_Sat.
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The degree of correlation was determined in accordance with [10]: very high correlation (0.9 <R <
1.0); high correlation (0.7 < R < 0.9); moderate correlation (0.5 < R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R < 0.3).

Table 1 provides information on the distance from the Tbilisi weather station, within which the data
of this weather station on monthly precipitation are applicable with a high degree of representativeness. The
calculations were carried out in accordance with [11] using data 2001-2020.

Table 1. Distance from meteorological station Tbilisi (L, km), within which the data of this station on the
monthly precipitation amounts are applicable with a high level of representativeness.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

40 32 24 77 19 41 31 52 35 126 64 37

As follows from Table 1, distance L varies from 19 km (May) to 126 km (October). The resolution
of satellite measurements of precipitation is 10x10 km. Therefore, the comparison of series of observations
of monthly precipitation lasting 20 years or more is quite justified.

Results and discussion

Results in Fig. 1-3 and table 2,3 are presented.

In Fig. 1 time-series of Prec MS and Prec Sat data from January 2001 to December 2020 are
presented.

—e— Prec MS —®—Prec_Sat

300
250
200
§150
100 ™ | 1 'l rli t {7 = l I
8 b ' ; |
I. l“l' I t l- _l< Tl | | " | l ' i‘ Il I l "
| ' ‘ I ) f'l L& l l' l ' " \| i | . 1"" ll o
s0 M 'II I Al % 4 e b VY TelLiLbr T
| l' gl f 'y L [ - { Sl I, W, ! g !
ltn | aked 5 _‘, X B 5 iy Wy d
0'—v—t“\l(\l("f"‘1‘V\V\\C\CPEIOC\DD—NN"MVV\V}\CGF—F‘-LC\DGO
S OO0 0000 OO0 OO0 OO0 0 QO mm™m ™M~ ™/ ™ ™ = = = = = ™ /= ™ ™ ™
ZOMENO MY Z O M e MA o> ZZOMEn0AmA s>
<D= EDEELoD 0SSR DERLo DD gEDEEn g
'—.<2—-‘)EQ'—-;‘£<Z—.'—.<E\_EQ'-‘,_U:<Z.____<2QEC-_;_,~<Z

Fig. 1. Time-series of monthly sum of atmosperic precipitation in Tbilisi according to ground-based and
satellite measurements from January 2001 to December 2020.

In Table 2 statistical characteristics of Prec MS and Prec_Sat data from January 2001 to December
2020 are presented. In Fig 2 for clarity the intraannual distribution of mean monthly sum of atmosperic
precipitation in Tbilisi according to ground-based and satellite measurements are presented.
As follows from Fig. 1 and 2 the synchronism of the time course of both parameters is visually well traced.
At the same time, in general, the excess of the values of satellite measurements over ground ones is
noticeable.

Table 2 and Fig. 1,2 show that in general, for all observational data (240 months), Prec MS values
vary from 0 to 267.3 mm, and Prec Sat - from 3.0 to 184.0 mm. Their average values are 43.6 and 64.8 mm,
respectively. Monthly mean values of Prec MS vary from 16.7 mm (January) to 93.2 mm (May) and
Prec_Sat values — from 32.5 mm (December) to 114.4 mm (May).

155




Table 2.

Statistical characteristics of monthly sum of atmosperic precipitation in Tbilisi according to ground-
based and satellite measurements in 2001 - 2020.

vari | Prec | Prec | Prec_ | Prec | Prec_ | Prec | Prec_ | Prec | Prec_ | Prec | Prec_ | Prec
able | -MS| _Sat | MS | Sat | MS | Sat | MS | _Sat | MS | _Sat | MS | _Sat
Month Jan Feb Mar Apr May Jun
Min 2.5 15.6 0.0 19.6 1.3 24.0 16.6 | 40.1 26.6 | 37.2 10.6 | 34.7
Max | 450 | 844 | 532 | 752 | 853 | 110.5| 1073 | 1454 | 267.3 | 166.0 | 157.6 | 184.0
Mean | 16.7 | 41.1 17.9 | 394 | 28.3 61.7 | 642 | 91.5 | 932 | 1144 | 814 | 105.7
StDev | 13.9 | 17.5 14.1 13.3 19.8 | 20.6 | 30.8 | 31.2 | 50.7 | 30.1 43.5 | 40.6
Cv,% | 83.4 | 425 | 78.6 | 33.7 | 69.8 | 333 | 479 | 34.1 544 | 26.3 534 | 384
Month Jul Aug Sep Oct Nov Dec
Min 5.5 | 20.0 0.0 11.2 0.3 12.2 4.0 8.7 0.0 3.0 0.0 5.0
Max | 96.1 | 107.7 | 89.3 | 1242 | 89.9 | 146.6 | 133.1 | 151.7 | 69.9 | 113.6 | 48.0 | 61.1
Mean | 49.8 | 68.2 | 357 | 585 | 358 | 563 | 49.0 | 658 | 33.6 | 424 17.1 32.5
StDev | 279 | 21.0 | 299 | 324 | 27.0 | 348 | 357 | 353 | 21.6 | 249 13.9 16.2
Cv,% | 56.0 | 30.8 | 839 | 554 | 754 | 619 | 72.8 | 53.6 | 643 58.8 81.2 | 49.9
Month Jan — Dec (240 months)
Vari Prec_MS Prec_Sat
able
Min 0.0 3.0
Max 267.3 184.0
Mean 43.6 64.8
St Dev 37.6 37.2
Cv,% 86.4 57.4
—o—Prec MS -=—Prec Sat
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Fig. 2. Intraannual distribution of mean monthly sum of atmosperic precipitation in Tbilisi according to
ground-based and satellite measurements from January 2001 to December 2020.

Ground-based precipitation measurements are subject to higher fluctuations than satellite measurements.
Values of Cv for mean monthly data of Prec_ MS varied from 47.9% (April) to 83.9 % (August), and for
mean monthly data of Prec_Sat - from 26.3 % (May) to 61.9 % (September). In general, according to all
observational data (240 months), the Cv values are 86.4% and 57.4%, respectively (Table 2).
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Fig. 4. Ratio between mean montly sum of atmospheric precipitation at meteorological station and satellite
data in Thilisi in 2001 — 2020.

As noted above ground-based measurements are lower than satellite data for all months of the year.

The difference between the average values of Prec. MS and Prec_Sat over 20 years (Fig. 3) varies from -8.8
mm (November) to -33.4 mm (March). Ratio between the average values of Prec MS and Prec_Sat (Fig. 4)
varies from 40.6 % (January) to 81.5 % (May).

There is a direct linear correlation and regression between the studied parameters (Table 3).

Table 3. The values of the coefficients of the linear regression equation (a and b) and the correlation
coefficient (R) between montly (Jan-Dec), all 240 months and mean monthly (Aver.) sum of atmospheric

precipitation at meteorological station and satellite data in Tbilisi in 2001 — 2020. o (R) < 0.005.

Month | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan-Dec | Aver.
a 1.05 1 0.80 | 0.79 | 0.95 | 0.43 | 0.64 | 0.49 | 0.92 | 1.06 | 0.91 | 0.95 | 1.03 0.85 1.03
b 23.6 12501394304 | 748 | 53.3 1439|257 | 183 |21.2| 104 | 148 | 27.7 20.0
R 0.83 1 0.86 | 0.76 | 0.94 | 0.72 | 0.69 | 0.65 | 0.85 | 0.82 | 092 | 0.83 | 0.88 | 0.86 0.97

Table 3 show that for separate month coefficient of correlation changes from 0.65 (July, moderate

correlation) to 0.94 (April, very high correlation), for all observational data (Jan-Dec, 240 months)
coefficient of correlation is 0.86 (high correlation). Coefficient of correlation between average values of the
studied parameters is 0.97 (very high correlation).
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Conclusion

Similar comparisons will be made for other meteorological stations in Georgia in the near future.

Acknowledgments: This work was supported by Shota Rustaveli National Science Foundation
of Georgia (SRNSFG), Grant number FR-19-8190, “Assessment of landslide and mudflow hazards for
Georgia using stationary and satellite rainfall data”.
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Abstract: The results of the detailed statistical analysis of the daily mean and max wind speed for Tbilisi from January
1, 1971 to December 31, 2016 are presented. In the studied period of time, the range of changes in the average daily
wind speed was 0 - 14.9 m/s, and the maximum - up to 41.0 m/s. The repeatability of the average daily and maximum
wind speed in Thilisi on the Beaufort Wind Scale was obtained. In particular, it was found that the repeatability of the
maximum wind speed covers the entire Beaufort scale. At the same time, the scale range of 8 and more (17.2-20.7 m/s,
gale and above, the onset of destructive processes in the environment and their intensification) accounts for about 6.5%
of cases (about 24 days a year). During the entire period of research with hurricane wind 3 cases were recorded
(Beaufort scale range - 12, hurricane, wind speed >32.6 m/s, devastating destruction). For separate months and
according to annual data, correlation and regression relationships between daily and average monthly values of the
mean and max wind speed were studied.

Key Words: Wind speed, Beaufort Wind Scale, statistical analysis.

Introduction

Wind is one of the most important climate-forming factors. Therefore, special attention is paid to the
study of the wind regime everywhere, including in Georgia. A large number of studies are devoted to the
climatology of the wind, the variability of its regime [1-7]. Strong wind often leads to the destruction of
residential and industrial facilities, the shutdown of ground and air transport, the appearance of snowstorms,
and the strengthening of the negative consequences of other dangerous hydrometeorological phenomena
precipitation, hail, etc.), human casualties, etc. [4,7-10]. Data on the wind regime are important for the
development of wind energy, the agricultural sector of the economy [2,11], etc. Wind speed largely
determines the level of air pollution [12]. Since the wind is one of the most important bioclimatic factors,
information about it is important for the development of the resort and tourism industry by assessing various
simple and complex bioclimatic indicators for specific areas [13,14].
This work is a continuation of previous studies [3,5,6-10,14]. The results of the detailed statistical analysis of
the daily mean and max wind speed for Tbilisi from January 1, 1971 to December 31, 2016 are presented
below.

Study area, material and methods

Study area — Tbilisi. The data of Georgian National Environmental Agency about the daily mean and
max wind speed for Tbilisi from January 1, 1971 to December 31, 2016 (16802 days) are used. Coordinates
of meteorological station in Vashlijvari: Lat - 41.75785° N, Long - 44.755184° E, Elevation — 427 m a.s.L.
In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [15]. The following designations will be used below: Mean — average values; Max - maximal
values; Min — minimal values; St Dev - standard deviation; om - standard error; Cv — coefficient of variation
= 100-St Dev/Mean, %; R — coefficient of linear correlation; 95%(+/-) and 99%(+/-) - 95% and 99%
confidence interval of the mean; Wmean - mean wind speed (m/s); Wmax - max wind speed.
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The degree of correlation was determined in accordance with [15]: very high correlation (0.9 <R <
1.0); high correlation (0.7 < R < 0.9); moderate correlation (0.5 < R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R < 0.3).
Wind speed repeatability was determined in accordance with the Beaufort Wind

Scale (Table 1).

Table 1. Beaufort Wind Scale [https://www.spc.noaa.gov/faq/tornado/beaufort.html;
https://www.kakras.ru/interesn/wind.htm].

Wind, WMO .
Force (m/s) Classification Appearance of Wind Effects on Land

0 0-0.2 Calm Calm, smoke rises vertically

1 0.3-1.5 Light Air Smoke drift indicates wind direction, still wind vanes

2 1.6-3.3 Light Breeze Wind felt on face, leaves rustle, vanes begin to move

3 34-54 Gentle Breeze Leaves and small twigs constantly moving, light flags extended

4 5.5-7.9 Moderate Dust, leaves, and loose paper lifted, small tree branches move

5 8.0-10.7 Fresh Breeze Small trees in leaf begin to sway

6 10.8-13.8 | Strong Breeze Larger tree branches moving, whistling in wires

7 13.9-17.1 Near Gale Whole trees moving, resistance felt walking against wind

8 17.2-20.7 Gale Twigs breaking off trees, generally impedes progress

9 20.8-24.4 Strong Gale Slight structural damage occurs, slate blows off roofs

10 24.5.28 4 Storm Seldom experienced on land, trees broken 0'1" uprooted, "considerable

structural damage

1 285-32.6 | Violent Storm It is observed very rarely. Accom;)raelalllsed by large destruction over large

12 2326 Hurricane Devastating destrucﬁon. Separate gusts of wmd reach speeds of 50-60 m/s.
A hurricane can happen before a big thunderstorm

Results and discussion
Results in Fig. 1-4 and table 2,3 are presented.
In Fig. 1 repetition of daily mean and max wind speed in Tbilisi according to Beaufort Wind Scale

are presented.
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Fig. 1. Repetition of daily mean and max wind speed in Tbilisi according to Beaufort Wind Scale.

As follows from Fig. 1 Wmean values cover the Beaufort scale from 0 to 8, while Wmax covers the
entire scale. The maximum repeatability of Wmean values falls on number 1 of the Beaufort scale (43.9%,
smoke drift indicates wind direction, still wind vanes), and Wmax - on number 4 of this scale (30.3%, dust,
leaves, and loose paper lifted, small tree branches move). The scale range of 8 and more (17.2-20.7 m/s, gale
and above, the onset of destructive processes in the environment and their intensification) accounts for about
6.5% of cases (about 24 days a year). During the entire period of research with hurricane wind 3 cases were
recorded (Beaufort scale range - 12, hurricane, wind speed >32.6 m/s, devastating destruction).
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In Table 2 statistical characteristics of daily mean and max wind speed (m/s) in for separate months and on
the whole from January to December are presented. In Fig. 2 for clarity intraannual distribution of monthly
average of daily mean and max wind speed Tbilisi is presented.
Table 2. Statistical characteristics of daily mean and max wind speed (m/sec) in Tbilisi in 1971-2016 (min
wind speed = 0).

Month Parameter Mean Max | StDev om Cv, % 95%(+/-) 99%(+/-)

Jan Wmean 1.2 11.0 1.5 0.04 127.2 0.08 0.10
Wmax 7.9 33.0 5.0 0.13 63.2 0.26 0.34

Feb Wmean 1.5 11.3 1.6 0.05 112.2 0.09 0.12
Wmax 9.0 34.0 5.4 0.15 59.2 0.29 0.38

Mar Wmean 1.8 14.9 1.8 0.05 99.8 0.09 0.12
Wmax 10.1 33.0 5.3 0.14 53.0 0.28 0.36

Apr Wmean 1.7 10.4 1.6 0.04 90.4 0.08 0.11
Wmax 10.3 34.0 4.7 0.13 45.4 0.25 0.32

May Wmean 1.7 9.0 1.5 0.04 86.9 0.08 0.10
Wmax 9.9 27.0 4.2 0.11 42.5 0.22 0.29

Jun Wmean 1.8 9.1 1.6 0.04 90.2 0.09 0.11
Wmax 10.3 29.0 4.3 0.12 41.7 0.23 0.30

Jul Wmean 1.8 7.8 1.4 0.04 78.7 0.07 0.09
Wmax 9.9 26.0 3.7 0.10 37.1 0.19 0.25

Aug Wmean 1.6 12.0 1.4 0.04 85.6 0.07 0.10
Wmax 9.6 24.0 3.8 0.10 39.7 0.20 0.26

Sep Wmean 1.5 8.3 1.3 0.04 86.3 0.07 0.09
Wmax 9.4 30.0 4.1 0.11 43.6 0.22 0.28

Oct Wmean 1.2 7.5 1.3 0.03 104.3 0.07 0.09
Wmax 8.4 27.0 4.3 0.11 50.9 0.22 0.29

Nov Wmean 1.1 8.4 1.3 0.04 121.7 0.07 0.09
Wmax 7.8 30.0 4.7 0.13 60.8 0.25 0.33

Dec Wmean 1.1 9.0 1.4 0.04 126.3 0.07 0.09
Wmax 7.7 41.0 5.0 0.13 65.2 0.26 0.34

Jan-Dec Wmean 1.5 14.9 1.5 0.01 100.3 0.02 0.03
Wmax 9.2 41.0 4.7 0.04 50.8 0.07 0.09

As follows from Table 2 and Fig. 2 in the studied period of time the max daily values of Wmean
changed from 7.5 m/s (October) to 14.9 m/s (March), the max daily values of Wmax changed from 24.0 m/s
(August) to 41.0 m/s (December).

Variations of Wmean values are higher than Wmax. Values of Cv for Wmean values changed form
78.7% (July) to 127.2 % (January), and for Wmax - form 37.1 % (July) to 65.2 % (December).

12.0

10.0 /-')-k_.kf— e |
8.0 i\-\-_—-

6.0

MS

4.0

2.0

or-'-"""_"’ T T [ e | i
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—&—Mean wind 1.2 1.5 1.8 1.7 17 1.8 1.8 1.6 1.5 1.2 1.1 1.1
—&— NMax wind 7.9 2.0 10.1 103 99 10.3 9.9 9.6 9.4 8.4 7.8 7.7
MONTH

Fig. 2. Intraannual distribution of monthly average of daily mean and max wind speed Tbilisi.
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The lowest average monthly values of Wmean (1.1 m/s) are observed in November and December, the
largest (1.8 m/s) - in March, June and July. The lowest average monthly values of Wmax (7.7 m/s) are
observed in December, the highest (10.3 m/s) - in April and June.

In Fig. 3 data about linear correlation between daily mean and max wind speed in Tbilisi in separate months
and from January to December are presented.
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Fig. 3. Linear correlation between daily mean and max wind speed in Tbilisi in separate months and from
January to December in 1971-2016.

As follows from Fig. 3 values of R changed from 0.69 (July, moderate correlation) to 0.81
(February, high correlation). For January-December value of R between daily mean and max wind speed is
0.75 (high correlation).

In Table 3 information about coefficients of linear regression equation (Y= a-X + b) between daily
mean and max wind speed in Tbilisi in separate months and from January to December in 1971-2016 are
presented.

Table 3. Coefficients of linear regression equation (Y= a-X + b) between daily mean and max wind speed in
Thilisi in separate months and from January to December in 1971-2016. Y - daily max wind speed, X - daily
mean wind speed.

a ‘ b a ‘ b a | b a ‘ b a | b
Jan Feb Mar Apr May
267 | 481 265 | 5.8 229 | 593 216 | 657 208 | 645
Jun Jul Aug Sep Oct
1.86 6.91 182 | 673 196 | 641 2.20 6.07 242 5.42
Nov Dec Jan-Dec
279 | 468 285 | 457 234 5.69

Finaly in Fig. 4 data about linear correlation and regression between monthly average daily mean
and max wind speed in Tbilisi is presented.
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Fig. 4. Linear correlation and regression between monthly average daily mean and max wind speed in
Thilisi. Y — monthly average of daily max wind speed, X - monthly average of daily mean wind speed.
As follows from Fig. 4 value of R between monthly average values of Wmean and Wmax is 0.989
(very high correlation).
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Conclusion

In the future, we plan to continue similar studies for other locations in Georgia. Part of the data from

this work will be used to compile a Natural Hazards Catalog of Georgia [16].
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STATISTICAL ANALYSIS OF THE NUMBER OF DAYS WITH HAIL IN
GEORGIA ACCORDING TO METEOROLOGICAL STATIONS DATA IN
2006-2021
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Abstract: A statistical analysis of data on number of days with hail (annual and for period from April to October) in 43
locations of Georgia in 2006-2021 are presented. In particular, the following results are obtained. The max average
annual number of days with hail in Akhaltsikhe is observed (3.4). The max annual number of days with hail in Mirveti is
observed (16). The max average number of days with hail in warm period in Akhaltsikhe also is observed (3.3). The
max number of days with hail in warm period in Khashuri is observed (9). The climate change influence on the number
of days with hail during the warm period has been studied. Comparison of the number of days with hail for 30
meteorological stations in 2006-2021 and 1941-1990 showed that in the second period of time, compared to the first
period, the number of days with hail at the 18 stations decreased, at the 10 stations - did not change, and increased at
only one station (Keda). The data of this work will be used to compile a Natural Hazards Catalog in Georgia.

Key Words: Number of days with hail, climate change.

Introduction

Hail processes occur in many countries of the world [1], including Georgia [2-11]. Every year, the
total loss of agricultural products due to hail damage ranges from 4 to 18% of the crop (more than 11 billion
US dollars [https://www.meteorf.ru/activity/activ/antigrad/obs-info /]). In terms of hail damage, Georgia is
one of the most hail-prone countries in the world. Therefore, as before in recent years many works are
devoted to the problem of hail in our country, covering a wide range of studies - from hail climatology [2-9],
modeling the distribution of hailstones by mean max sizes on the territory of Kakheti (Georgia) [10] to the
development of ways to influence on hail processes [11].

Study area, material and methods
Study area — Georgia.

Fig. 1. Location of 43 meteorological stations on the territory of Georgia.
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The data of Georgian National Environmental Agency on number of days with hail for 43 locations
of Georgia (Fig. 1) in 2006-2021 are used. 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; St Dev - standard deviation; a - the level of
significance; the level of significance of the difference between the two mean values was determined using
Student's t-test. The number of days with hail is considered for two periods of the year: January-December
(annual) and April-October (warm half-year for hail processes).

Results and discussion

Results in Table 1,2 and Fig. 2,3 are presented.
In Table 1 statistical characteristics of annual number of days with hail in 43 locations of Georgia
from 2006 to 2021 are presented.

Table 1. Statistical characteristics of annual number of days with hail in 43 locations of Georgia in 2006-
2021. In the 25 points of Georgia (marked in light blue) during the cold period of the year (November-
March) hail processes were not observed.

Season Year Season Year
Location Max Mean St Dev Location Max Mean St Dev
Akhalkalaki 5 2.4 1.3 Lentekhi 1 0.1 0.3
Akhaltsikhe 8 34 1.9 Luji 4 1.3 1.6
Alpana 2 0.6 0.9 Magharoskari 1 0.2 0.4
Ambrolauri 1 0.1 0.3 Marneuli 1 0.1 0.3
Bakhmaro 4 0.8 1.3 Mirveti 16 33 4.9
Bakuriani 8 2.9 2.2 Mta-Sabueti 1 0.1 0.3
Bolnisi 5 1.7 1.5 Nokalakevi 2 0.4 0.8
Borjomi 6 23 1.6 Paravani 1 0.1 0.3
Chakvi 6 0.4 1.5 Pasanauri 3 0.4 0.8
Chokhatauri 8 32 2.5 Poti 2 0.1 0.5
Dedoplistskaro 2 0.4 0.7 Sagarejo 3 0.7 1.1
Gardabani 1 0.1 0.3 Sairme 5 0.6 1.5
Gori 4 1.4 1.0 Senaki 1 0.1 0.3
Keda 8 1.8 2.7 Shovi 5 1.5 1.6
Khashuri 9 1.5 2.1 Stapantsminda 3 0.4 0.8
Khertvisi 1 0.13 0.3 Thilisi 4 1.2 1.4
Khulo 1 0.2 0.4 Telavi 8 1.8 2.2
Kobuleti 4 0.4 1.0 Tianeti 5 2.0 1.4
Kojori 3 0.2 0.8 Tsalka 5 2.1 1.6
Kutaisi 1 0.1 0.3 Zugdidi 3 0.5 0.9
Kvareli 1 0.1 0.3 Min 1 0.1 0.3
Lagodekhi 9 1.7 3.0 Max 16 34 4.9
Legakhare 2 0.2 0.5 Mean 4.0 1.0 1.0

As follows from Table 1 the max average annual number of days with hail in Akhaltsikhe is
observed (3.4). The max annual number of days with hail in Mirveti is observed (16). It should be noted that
in the 25 points of Georgia (marked in light blue) during the cold period of the year (November-March) hail
processes were not observed.

In Table 2 statistical characteristics of number of days with hail during the warm period (April-
October) in 18 locations of Georgia in 2006-2021 are presented.
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Table 2. Statistical characteristics of number of days with hail during the warm period in 18 locations of
Georgia in 2006-2021. For the remaining 25 points of Georgia relevant data are given in Table 1 (marked in

light blue).
Season Warm (April-October) Season Warm (April-October)
Location Max Mean St Dev Location Max Mean St Dev
Akhaltsikhe 8 33 1.9 Magharoskari 1 0.1 0.3
Bakhmaro 4 0.7 1.3 Marneuli 0 0.0 0.0
Borjomi 4 2.2 1.4 Mirveti 4 0.6 1.3
Chakvi 1 0.1 0.3 Nokalakevi 2 0.3 0.7
Chokhatauri 6 1.4 1.5 Senaki 0 0.0 0.0
Gori 4 1.3 0.9 Shovi 5 1.4 1.7
Keda 4 0.8 1.2 Zugdidi 1 0.2 0.4
Khertvisi 1 0.06 0.3
Kobuleti 1 0.1 0.3 Min 0 0.0 0.0
Lagodekhi 7 0.8 1.9 Max 9 33 2.2
Legakhare 0 0.0 0.0 Mean 3.2 0.8 0.9

Table 2 show, that the max average number of days with hail in warm period in Akhaltsikhe also is
observed (3.3). The max number of days with hail in warm period in Khashuri is observed (9).

The climate change influence on the number of days with hail during the warm period has been
studied.
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Fig. 2. Number of days with hail during the warm half year in 30 locations of Georgia in 1941-1990 and
2006-2021.
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In Fig. 2 number of days with hail during the warm half year in 30 locations of Georgia in 1941-

1990 [2] and 2006-2021 are presented.
In Fig. 3. difference between number of days with hail during the warm half year in 2006-2021 and

1941-1991 in 30 locations of Georgia are presented.
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Fig. 3. Difference between number of days with hail during the warm half year in 2006-2021 and 1941-1991
(AN) in 30 locations of Georgia, (0<0.15).

Comparison of the number of days with hail for 30 meteorological stations in 2006-2021 and 1941-1990
(Fig. 3) showed that in the second period of time, compared to the first period, the number of days with hail
at the 18 stations decreased (Neg), at the 10 stations - did not change (No), and increased (Pos) at only one

station (Keda).

Conclusion

The data of this work will be used to compile a Natural Hazards Catalog in Georgia [12].

Acknowledgments

The authors are grateful for the support of the ,Natural hazards trends in Georgia: quantitative
magnitude classification and hazard assessment® project (grant agreement NeFR-21-1808) funded by the
Shota Rustaveli National Science Foundation (SRNSF).

References
1. Dessens J., Frale R. Haistone Size Distributions in Southwestern France. // Atmospheric Research, 33, 1994, pp. 57-

73.
2. Amiranashvili A.G., Nodia A.G., Toronjadze A.F., Khurodze T.V. Some Statistical Characteristics of the Number of

Days with Hail into the Warm Half-Year in Georgia in 1941-1990. // Trans. of Institute of Geophysics of Acad. of
Sc. of Georgia, ISSN 1512-1135, v. 58, 2004, pp. 133-141, (in Russian).

167



. Amiranashvili A., Varazanashvili O., Nodia A., Tsereteli N., Khurodze T. Statistical Characteristics of the Number
of Days with Hail Per Annum in Georgia. / Trans. of the Institute of Hydrometeorology, ISSN 1512-0902, vol. 115,
Tb., 2008, pp. 427 — 433, (in Russian).

. Varazanashvili O., Tsereteli N., Amiranashvili A., Tsereteli E., Elizbarashvili E., Dolidze J., Qaldani L., Saluqvadze
M., Adamia Sh., Arevadze N., Gventcadze A. Vulnerability, hazards and multiple risk assessment for Georgia. //
Natural Hazards, Vol. 64, Number 3 (2012), 2021-2056, DOI: 10.1007/s11069-012-0374-3, http://www.sprin-
gerlink.com/content /9311p18582143662/fulltext.pdf

. Elizbarashvili E., Amiranashvili A., Varazanashvili O., Tsereteli N., Elizbarashvili M., Elizbarashvili Sh., Pipia M.
Hailstorms in the Territory of Georgia. // European Geographical Studies, Vol. 2, No. 2, 2014. Tbilisi, pp. 55-69, (in
Russian).

. Amiranashvili A., Dzodzuashvili U., Lomtadze J., Sauri 1., Chikhladze V. Some Characteristics of Hail Processes in
Kakheti. // Trans. of Mikheil Nodia Institute of Geophysics, ISSN 1512-1135, vol. 65, Tb., 2015, pp. 77 — 100, (in
Russian).

. Tatishvili M.R., Kartvelishvili L.G., Mkurnalidze I.P. Thunderstorm and Hail Processes over Georgian Territory.
Against Global Climate Change Background. // Journal of the Georgian Geophysical Society, ISSN: 1512-1127, Iss.
B, Physics of Atmosphere, Ocean and Space Plasma, vol. 19B, Tb., 2016, pp. 111-119.

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

. Janelidze 1., Pipia M. Hail Storms in Georgia in 2016-2018. // Int. Sc. Conf. “Natural Disasters in Georgia:
Monitoring, Prevention, Mitigation”. Proc., ISBN 978-9941-13-899-7, Publish House of Iv. Javakhishvili Tbilisi
State University, December 12-14, Tbilisi, 2019, pp. 144 -146.

10. Amiranashvili A.G., Bolashvili N.R., Gulashvili Z.M., Jamrishvili N.K., Suknidze N.E., Tavidashvili Kh.Z.

Modeling the Distribution of Hailstones by Mean Max Sizes on the Territory of Kakheti (Georgia) using Data of the
Freezing Level in the Atmosphere and Radar Measurements. // Journal of the Georgian Geophysical Society, e-

ISSN: 2667-9973, p-ISSN. 1512-1127, Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 24(1),
2021, pp. 25-36. DOL: https://doi.org/10.48614/g2s2420212881

11. Amiranashvili A., Chikhladze V., Dzodzuashvili U., Ghlonti N., Sauri I., Telia Sh., Tsintsadze T. Weather

Modification in Georgia: Past, Present, Prospects for Development. // Int. Sc. Conf. “Natural Disasters in Georgia:
Monitoring, Prevention, Mitigation”. Proceedings, ISBN 978-9941-13-899-7, Publish House of Iv. Javakhishvili
Thilisi State University, December 12-14, Tbilisi, 2019, pp. 216-222.

12. Varazanashvili O.Sh., Gaprindashvili G.M., Elizbarashvili E.Sh., Basilashvili Ts.Z., Amiranashvili A.G. Principles

of Natural Hazards Catalogs Compiling and Magnitude Classification. // 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(1), 2022, pp. 5-11. DOI: https://doi.org/10.48614/22s2520224794

168



2bsEasBMEs 3g36ogAHms LogOmsdmGobm 3mbx89Mg630s ,gEsdofiols 8galfsgamgaro dgEbogdgdols
56599000m39 3G:Mdgdgdo*
960900, ISBN 978-9941-36-044-2, 0dogolo, bygsGmggae, 21-22 bmgddgeo, 2022 §;.
International Conference of Young Scientists ""Modern Problems of Earth Sciences"
Proceedings, ISBN 978-9941-36-044-2, Thilisi, Georgia, November 21-22, 2022

Bma0o M9 byBHYzol 3OMdEgdgdols dglsbgd
‘I9LBH30M0d30¢00 3., "39bsdz0¢00 3., '3mvys 3.

“bodsoz9cnml (997603290 29603960boB G0
“bss039¢eals s8GsBryem0 9603950 B 0

3b6mHs30s: 659630 3obboeroiemos bstsGoggemml bgdggobgsb 939esbg dmPyaerso BgbodemGosyemo
909290 3569000 @5 57 Bggombdo  Lggzsb0056 s 35300(59829¢70 Heageatiy olbhmmoriero, sbggg @m3s6-
@90 JgmIs639m8s. 80293560¢05 3608000 G936090980b b536HmE89880 OsUBIGIBxemo Fobgoriergd960,
00939  Geabsbemgmbols 3sdemz000639805, Geadgecros Ggggssg bsdmmIol s39m@9bo dogo0b96 08 ©sliz3-
658y, Hmd bgdgz0b dmbzarolb 0bogomgdsl Js@e 896985 30 (s, s@sF0569803 sb@ybab 35Bol Bmgerols
3OEIOLIH00 5 0d JodoryeHo 60300096989800, (eadgerog 5902996987905 35 bol deazerob 36empgbdo.

U5353560m bodg3980: bgdyzs: 8eaBmb bbbsto, 3069000, 3258973605, G9fsdzens

LodoMrm39wmdo, 3gMHdmE 3obgmdo  bgBY3zoL 3OHMdEgds goblozmm®mgdom 360d369wm3zsb0s.
5303™M0 X96 300093 ©OEIs JoMmz9geds d936096Ts 35HIE0 doMOGOMBAs sbligbs bgBHYzol  Aods-
Bomgdgwo dmddggds 39609l bgmdsdo, TogMsd  39bgmdo LYEY35Lmob ©s39300Mgd0m ol
SHEMO 56 250mMmng35dL. 3ol dglobgd 3bmdowo d93609Mgd0  FoBHOMRBIbY 3mEMdsbos s 83~
©9903mbo  09Mx%sbg ©o30ms0s 50b0dBs396, MM 35bMIBHO dogMOGOMbOl IMM35HgMdOL ML
Jobgmdo LgByzs 9O IMmEOMEs, Gosb o bdoMo FHYyggdol godm 35900l s0dsz35wo ©0bgdy,
G0dgeoa bgBYzoL Homdmddbols FobosdoMmmdss, 653wgds 0469dms [1]. Fog®d 50 FcboBOYdLL
396 ©539056bTJO0m, MY 08 39MH0oMmEOL  35bgmo Bs305MHOLOE FFOOHM® LIBEGOMWO 0ym
5 LEMREEOL FGMMHbYMB 390 Y6305 JIMWO. 5¢BIM, MI35DE 3965MGME LORIOIMSD
39056090000 OO #bLb3s390o 56 0dbgdms I39bsMgMo LogsMmog. gl 30, bszwrgds
d979os  bgwl 35900l 0©dsgse  ©obgdsl, Omdgwos LgBYyzoL §omdmddbol gom-gOmo
f0bs30MHMdss. 08539 65OMITo Imy3z560¢05 3. 2006908300l go8Mm33w935, LoSE 90bOBMWoy,
600: ,,06003690m3560 ©IBYEY3S 908MLOgEgm boJoMmzgwrmdo ©s 39MdmE 39bgmdo, ©s3e3-
306900 MIms3Mgbo ferol mdo 39MmomEdo 3030 35960l Folgdol gamFMolmsb, FogMsd
50bodbmmo JgdmFHgdo 0bEgblom® bgdyzsl ofgg3l Fbmemeo 350b, HmgLsg 9GHIMLBIOML
daMdsMgMds SPOWMOM035© 53 OML sdolm3zoL bgwlogdgeos [1]. s0bodbmwo@sb 4sdma-
06569, BYEY30L BsTMYsE0dGOSDBY 0¥ 203egbsls sbEIBL SEYOWMDdMH0Z30 30OHMdYd0, J5dob oldol
Joombgo: M5 9903335s  39-18 Lo3mbalis o 39-20 Lomzbgl Mol 39bgmol sEAOWMdGOZ 30-
6019030, 5353 93mofjz0s Jobgmol sbgmo 0bEGHblowGmo algBHY3zgdo. 935y bofowmdmog
3obbo 20930 [2] Bod®M™MIdo, Loog 2obbowemos 39bsbgdol  Fglshodro dmEEMmL Lombols
£390900L s, 91939, 959OMBMEIGOOL A53egbs, HMIEYOOE 3MOLEIXODBIE0OL  Fgd3geo@Ewesl -40-
@6 -5 °C-009 9950 gdl. LMo J0Mb30L 3sbvIbo Fgodwgds dm3z09Y35bmm ob, Mmd  89-20
15993608 dMWML AMBWomd S©0boTbs dBMOOML bLbsMOL  gsdmyggbgdool 100 fFwrobomsgo, g.o0.
35699930 05aM5BH0Mbol Fm®3sfgmdol 3gMom©To 39bsbgdols Fgfodzws dmGmO™L blbsMom o6
bgd™s. BYBHY30L FoOINIBsbg  FoGEHM dBAGEML BLBSGOL §i390gdOLE Fo®dmddbowo Cu o
SO, 006900 56 5bgbgb 293w9bsL. 5MHOL BobgMHols s 3MIM3MbsGol b0, Imyzsbowo bbgs

169



Cu -0mbgd0lL  899339¢0  59MmBMwgdog [3], GMAmgdoz dmGEML  bLBsGOL  {fzgmgdol  s6s-
WMR0Ms© d;mddngdgb s §39000L gogobzol 3H9gd3gMo@rIMmsls domes bigg9b -5-0g. 500 Mol
5oL 3963bE-0m©OL M9oagb@0. LBHMGMg® s50b0dbmwo Mgoggbdo 50-70 26530l Mom©gbmdOom
39900996905 Mgl bgBHYz0L Lofobssmdgam Mo3g@EHedo. ob 0xbGHIds WOHMPWwgddo 2,5-4,5 30
Lbodseagbg 30-35 Fodol gobdogermdsdo. s0bodzboll @o®lios obo, ™A 1980-0s6 argddo 33e0g30L
3909290 50dmBb, HMEgLsz 396sbgddo dgfodzars bgdmms s MM 3bgmol sbobagdeo
31699d0L 359630 0o GHsmEgbmdom Cu @s SO, 0mBgd0 0gm. gi 30 0856 60FbZL, H®I 359M0OL
B350l 50dszswo ©obgdol Mml  obobo LgEyzol Foedmgdbol Bmbsdo bzgd0sh. s3sL obogs
5Q3LEGHNMMYOL, O™ BgBY3s Ol J0MOMOIE 2-5 Lvsmol 39M0Mm©T0, LfimMmgE 53 OML 0gbgds
3965bgdol  d9fo03cololl MH™M30wo dmMEO™L blbsol (3900900 dogdlodscmMo  Momgbmds
©3MM3000 5GIMLGYOH™I0 [1]. 36Mmd0E0s, HMI OHMBdMYddo 3900930 Lbgoslbgs Looobss
@5 bdoms olgs SO, 25053090090, ™3 dobo 3Hgddghodmes 990dergds -40°C-bog 30 YMOEIL
[4], 98 ©@Mmb §3gomo T9BoLGHd0W G dyMIsMgmdsdo 0dymegds s vy dsldo dmbzgds
3M0LE0BS300L 396G ™0 [5], §3gmo Tg4oLoghs 0dzg3e Yyobmaol 3MoLEIs© (b9BHY39).
530@M3 39bLv3MMMGO0m Lydodos MHMYMOE 969060350, 1939 bgrmazbrEms 3MOLEIWODsEOOL
396900l Imbgzg®s 0lge OWBIEIGdTo bosE, LBblsalbgs BmAol zgmgdo 339 FmGIo-
0900, 890dwgds, 356 bgero Fgmfymb bgEyzol Fomdmdabsl. sl93g s0bodzbol womLos obog,
60 (130000 Yyobeo© 250059(3930L5L FoMMMZYds s, GgLsdsdols, dolo 1od33¢M03g I3F0MEYdS
090056 906900  ©osbEMgdom  9%-0m, 58539 ©OML  35MOEIWNIMIPO  JMORLICS(305
908@065M9gMmdL s bYBHY3sL YYGONIOs 30O DML A5(3090E0 Hgwol 3gmgdo, HmIwgdos
LHOOxBI© 04obgds s 3009000 M5 a3 2oMbYbs LEIOHML, 5Msdg Lbbgzsolbgs BmE®Iol
b 30056 BgEyzsl. 0BOmYds byBHY3oLs s 359U FmMol bobwmbols 3maz0i3096G0. sdo@Md LyByzs
359600 508535¢ ©0HJIL SZOMO® 2o35J3L Fowoe s (303 BY6gdT0, LESE 00 LoMIbMdMS©
0DBMHY0S, M3 390y BBL LEGHMIJLOL BMOIME0H [6]:

F=CpU*L’ 1)
Loog £ oMol 359600b §0bosmdgamdol dogs; C 30 -f0bs508@gamdol 3098303096305 0 3960l

109336039, U - Ug®dyzob bobds6rgs, bmem r 19gBHY30L 3390l BSOMOY.

BMOIMsdo Imyzs60wo Fobssmdgymdol 3mg503096¢0 C 35600 asOLgbso Lbgwy-
9dobmzol  0,03-cs6 0,05 3609369e™md59g 033w90s, 3O PoMLEYbsEOLIMZOL 30 033G
C=1,0-s6 1,5 -0¢0y.

5005350 ©0bHgdOLLL bgds 359MHOL SOSOIGIMO FoBIMMMYOS s, TJuodsdobo, 35960l
3930905, M3 §oMdmTmdL byBHY30L 3MOLEIWL. 3M0LEHIOL Fo®dmddbolsl 30 49dmoymaxs LoMdM
9, 99b5d5d0bO, HoMmBMmogdbgds, GH9gddgMo@Mmoms bbgomds bgBYzol 3MHoLEBHIWLS s ol FoMIGIm
dgmg 35966 ImGmOU, gl 3o Msz30L IbMOZ Ho®dMJIbol bgEHYzoL FoMTgdm 359MHOL J0IMMIWTZ5C O-
BgosL. 35960l 50F535¢ ©0bBIdSL bgBHY3d SGHTIMBGIOML MROM oo 53969080 F0sdal, Mrog ™oz30L
dbcmog 0f393L bgBHY30L FOOLEIOL BOHELL. sbgzg 3603369wM35605 oLoE, MMI M3 WRMM EOE-
bbb 0dgmaxzgds ByBYzs WOBdE9dTo, bYBHY30L FOOLEHIWIOIO MMMDNOIOMNEIXIHIOOLLL Fo0dmJdbosd
B53LbbgzM9390L, HMAgdoE Msgz30L IbEMOZ 3MHOLEIWODsE00L 39BEHMIdI© TM393¢0670056. LyEyzoL
3O0LEGOMGO0 505350 EO0HBJOOL oM, 0§Yxdgb MJoRL, Jom@EHEs dmdMmsMdI6 Lbgowalibgs
9005007 9d0m, M5YD Fomo bsforo 890336 MHMYMOE IO0m, 1939 VSMYMB00 0MbYdL
5 oy 9mgddggdl EOHdEgddo FoMdmgdbowo gargd@mmbmwo dsergdo, ©gsdofols dopabo-

GO0 3900, 0D MBOL s Y39 FMMOMEEOLOL does.  POHWPBIEIGO0 JIWIIOROLPOIO0D
19BHY3LMB JOMOE S LYEHY30L FMLZEPOL SGYoo LoaM®ABMBESE 0BMEYds [2]. Sbg3g 0BOHIYDdS

3093008 bodolbog s 39BHobBedowy®  dymdsMgmdsdo dymxao 1393900l  3M0LES-

170



W0D5305E, M5Y6 Foom d30Mg d0dyo  LF0oMHYdS0 LGB0 WYE dEYMI>MYMB5T0 (3OOLEHIWMHT0)
393L3Eolmgob [3].

B3060s o0m33e9390ds 9B3gbs, BMI MMAMmEOE 35Bol T9fsdzwols 3Mmaglo, g3 dobo
19BHY30LYSb (335 9OE Y IBHI0369MWME FoEOL. SEBsM, 5F0GHMI MJ39L MO 9G3MM3OL Qb6-
30000090 ds 39969035 3965b900L  bgBHYz0LYb OLBEIZIE  WMMBEGdTo  M539BHd00  3OOL-
Gdo0bs300L 396@M9d0L 893sbols dgmmmBY, Jobgsgzs 0dobs, HmA LHmemgw obobo 0yzbgb >3
9900m©ob 259mygbgdol 30mbyMgdo.

50b0dzboll @o®los, ®mId 0vy 100 ferols Hob 3936096M90ds 50TMsbobgl  dmGML blbsGoom
35B0ol (o8mdol Lodmomgds, ®Y356gwo F9b30msM9dMEo d93bogMgdol 30MMdgddo 04690
d904absll obgmo  bogmogmgds, MmIoi LOMERsLmgbs 933l dmOEML bLbsMl 3sbols
0200 mdoLsl s bYBHY30L Foedmgdbols 3HM3M(30609dL 56 dmobgbb.

330605 5036036Mmm, M Legwolb dgmObgmdsdo 39300 3MWEHMEMSS, MMIgWoE 39M0M-
o IMombm3gl 99fodzesl, d9fsdzws 30 bgds Fa9wol 49130d39300, Mmool bsfowwo 396
50093L 9396500l BMMGdsd©g 5 5BHIMLRIOMT0 go0dbg3zs. 5356 30 Lomsbsm 3oMmMdYdOL
d90b3935d0 990dgds LgBY30L 3OHMZME0MYOS FMebobml. Bgdmm 5©0bodbmeol 4sdm bsFoMms
939bsgms  9hodzeobmgzol godmygbgdmwo bogzgmogMgds dqlogwrowo ogmlb GMmamO3 3M0L-
Gdo0bs300L 39630, M3Ysb 0lgmogg Fggao 9O dogzommm, Mls3 3b3Idom 39bsbgdol
d905030lsbs.

[1]-80 dmygsboeros 3s630L0L bgmdols dsgowomo, Losag LgGY3s LsgMHMME 56 FMPOMS,
0000 OHMYMOE 30 25599691 39bsbgdo s Fglsdsdolo gfodzws oofygl, olgmogzg 0b@gblo-
3m30m ©0fiym BgBYzsd dmlgzens, HMAMME 39bgmol 3965b9d00 496539605690 BHgMoGHMM0sbY.
9B 852500 GOHMIPIMNO 56 SMOL, Boa®sd slg3g SMOL LodoMmoL3OMME, Lowsa 39bsbgdo 0ym @

350 Bbgs LobimgErm-bsdgObgm 3w EHMOom Fg335egl, HMIgELsg d9Hodzws o6 bFoMEIds

00 AH9MHoGHMMH05Dg LgBY30L Tmbgmog dghys, ToROO0Ms©, ©IPMBWOLFYsOML  dboiods-
@oGYBHOL  Lobmgem-bsdgm@bgm Logscymwgdby, 39Mdm, 96T BHYMOEBHMM0sDY IMS350

5910 ferol gobdogarmdsdo oym 59969000 3965bgd0  @osbrmgdom 300 35 BsOnMdbY.
LodFmmo OML bgdmEs Jodowdmo 36935053 Jdol (dmOEML blbsMol) dgbbmemgds ds6Jsbmeo
&93bmmyogdom. 53539 39M0m©L 9dmbzg3zs 0 LyBY30L FobToMgdmwo Jg8mbzgzgdos. dmem 20
09wy 39309, B3 96530l BHIMOEMM0sDY 3965b000Y V5353900 FBoMOMdO FGIFOMYIOE0S MG
39935809, dobo dgfodzs 30 bgwoom bgds, Mo JogdlodsemEms 930090l dmGmEML blbsGol
9dmbgz9msL 5GHIMLBgM™MTo. 39bsbgdoll Bommol 9d;30609d0L 999y bgBHY30L sOG 9o dgdmbgags
56 ©5804LOMGIMWS 9b5FMOL BHIMOGMO05DY, LG 5LEHMMIOL 0o TmLsbergMmds.

5060369 0sb 258mIobsmg 0y35Rb0s, M LsFoMmms Tgoddbsls Lbgs Lodrowgds dMEMEMUL
blbs®mol Fgboggwgws 96 dghedzeol oligomo dgormol 4sdmygbgds, MHmdgeroi dobodwdsoyg
©50Y356L dgbsfodero 603009MH9d0L MromMm@gbmdsls 5@MLEBYIOMTo. gl 30 Mog0l IbMH0Z FgsdE30cMmgdL
MMdEgddo  byBYzol FoMdMIMdsHy dmJdgE 9POWMdM0Z TEYMIsMgmdsl s LgByzol
3600l Boffomd®og 35063 3osFMob [1].

31939 IHg3gMdsdo  Jobormgdos F9fsdzwroll ML  d939bsbgmdol  Moombgddo  3sg®ol
9300 30)M0 JEAMIIMIMOS O 505 FoMBHM 359MHOL, 5M53g© Fyobsg, Moysb dgbshsdwo bog-
0096905 dmmlb goemdo bggds s 9999y Lb35sLbIs dBgdom 5sd0sbdog. bLdowgbdo ddody
39Bow05, OMIGog Lofodwogos, s1939 SO,, M0EA0 FYowmsb  gomsgdbolsl  Foedmgdbols
H,SO, - 3ma060©0:55350.

Bob. 1-Bg  dmEgdmos 99Hsdzwol 3MmEgbo, boog oMo Bbl, mw Mo Mom©Ibmdom
dMHEML blbsMo 053563905 0O OL3YMLOOM 3596030 s oo doMomso bsfowo 3o sedsgzs
©0b6905L d0ogd3b s H3WYdS VOMBEGdTo. ol 0d dmgdgEgdl GmymeE 3Mmbablsgool, slg3g 3MOL-

G90bs300L 396G, B3 Pobbowraos [1]-8o. sdo0@Mmd bgBYzoL Hobsswdgy dMIMs Mbos
171



©50(gmb 306039 MHoado 99(s93col obgmo FgmmEadol godmygbgdom, GMIgwoE d959306M9dL
B ML blbs®ol »IoBbm 25536939358 s dMOEML blbs®ol d9dsyqbermdsdo 3o CuSO, .

P. S. dm@mb 23065 503608bmm, ™I LgByzol dmlges doMGHm 39b6sbgdols 99fodzwgdols
39600m©L 56 gdmbg9g3s, M0l d90mb393900 HM39wol OMLSE dmlvyas byEyzs, gu 3o 0dom sMOL
390mf39Mwo, ™I ymmdbol 309x30L O™ Inbobwgmds 06@gbloMs gbgds 35Hgdl o
0mOOML bLBsMOL sMOmMJwgdolsl oG™39dwo CuSO -0l 8339600 5oL SGIMBGRYOHML By
13969030, M55 990de9ds 39bIL BYEY30L HoMmBMTMdOL dobgbo.

Bob. 1. 3gbobol 9gfodgams dmm@mb blbsGoo.

@OoGBIOIGYOd

1. 30m63dsbos 0. bogoMmzggemb 3535. 0000oLO, M. : bog. LLE 5350. 359-85 s L., 1961 §.

2. MectBupumBrn 1. A . O nmpuymMHax yBeJWYEHHS YacTOTHI I'paJoOMTHH B BHHOTPAJApCKUX paioHaX.
COOBLIEHMA AKAJJEMUN HAVK T'PY31U, 140, # 2, 1990;

3. Cymnaksenumze I'.K. JIuBneBsie ocaaxu u rpan. JI.:, I'mapomereonsaat, 1967, 412 c.

4.  Masun WU.IL., Xpruan A.X. CnpaBounuk O0inaka u obnaunas armocepa. Jlenunrpan, ['mapomernzaar, 1989 r.

647 cTp.

Kuranroponckuii A. Y. Beenenue B ¢pusuxy. Mocka Hayka, 1973. - 688 c.

6. Usanos b.H. 3akons! pusuku. Mocksa, Breicias mkoina, 1986. 336 c.

9]

SOME THINGS ABOUT HAIL

*Mestvirishvili Sh., **Benashvili M., *Kodua M.

* Georgian Technical University, Thilisi, Georgia
**Agricultural University of Georgia, Thilisi, Georgia

Abstract. The paper discusses the territorial unit most vulnerable to hail in Georgia, Kakheti, and its istorical and
current hail-related situation. With the help of the views of famous scientists as well as surveys, the authors of the paper
concluded that nature isn’t the only reason for hailstorms. The cause can also be the chemical substances used in the
grapevine care process.

Key words: hail, Bordeaux solution, Kakheti, coagulation, poisoning.
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Bgbo 33c0930L oty gddo dmbogzerosbmdols mgligol 3sgdols dobgzoom glfogans LodiEbg-

X935bgmol Bmbsdo dmbes 2017-2019 fargddo. 3o BoGotms sboenzobgdo, LadEbg-xog3obgmols
babgerdfogem  ¢9b03gMLoGyHoL Loggw 653300bg.  bd3zwgy Fobdes@ s@gdYwo  3JmbEs
bmOHdEOL BsTo }000: SFOWMBOO30 K00 - ,9bsEWEObOL fomgwo meo® Triticum aestivum var.
ferrugineum Alef, Ls399dmyMIm bm®dEOL 396HL39JE0MEMm X0do - ,,0d0wobvMo 15 s ,Lomwo
9“ Triticum aestivum ,,Sauli 9.

091306 EMHMOL LHimGmgw MB35, bmGdWOL dsmswo dmbsgwol dowgdol geo-9Hmo
3963BsBO3Mgo F0bs30MMdss. SMbgElaygMgero d9EHIMOMEMROMMHO 3060HMdIO0, F9dmEymdsby
(Boangdqdol Lod06Mg), BsTMMT0 s SO FoBIRHBNDBY 0f393L Lodgdmamdm 3 EHMMIOOL
990bgegdsl s BdoMo LM ow33aL [2; 6].

33930l IgmMEOME®MY0s.

33w930L BoMaqddo 99356mB0gm mgligol mmbo gos: I 35s - 20/09; II gsos - 01/10; III
35005 - 10/10; IV 355 - 20/10. 30000m9M0 35005 23Jmb@s mmb gs63gmMHgdsdo. domgwl bogg-
393°30M 3960030 BsGHoMm®S ©53300390900 @S S0MO3H3900: 50TM396ds, 39IBITNEMGDS, d6)-
AYMds, 509MG0S, OIMOZM939dS, Y3930¢Mds, LOH0g. IMLOZ3E0sbMdOL F5B39bxdgd0 sTwYdsgs
LEHOGOLEGH03M0 bsE0BOlL dgommpom [7].

33930l 390092900 ©s sbsewobo.

9935090 ELYdMMYOIMWOs, BT M3GH0ToME  3505d0 MYLZOL EOML bMMBdSEO
030590 dE0g® 3gbgms LobGHYsl, 039mgdL Bsd-bmo BodsMEHYL, BsdmMOL bl s30Ws©
330530905 O YBs3MYM® 0DBITMIIL, FoBIRLMDY 39M0 s I0gMo Bgbgms LobEgdol
5 BsdMs®mdo doffodo oxM™M30eo FHgbol obdsMgdom XIxowo LHGMIRI© 0DBMHPIds s 530-
WO 0F9bL 43503006 ZoBIRHMML s 3960 Fmbogerol dmEgds §30d0L o dmMfyzol 490933
99mAdos [2; 8; 10]. m3308se® 355Dg 33056 mgligs 30, 860836grmgbo 5930609l Imbisgals,
93396969 396 SLHEIOL DBOHI-4963006MOL, Ggugms  LOLEGHGIS  J9bMZoMsMdgo  M®RYdS o
05MAYO3 96 593U, SYMO XIX OO 3GV SLFOIOL FgMEg BoMEHYMdIL O Ysbs Ighbgemo MBgds.

3mbs393900L 9b5¢r0Bo 3306396901, M LydMoem FMOgE0sbMdS bmEMdOL bsdogg x0dol
9900b393580 y39wsBg o500 0gm mgligol Igmeg s Igbodg 390530 M9glizoLsl.

330930l 9M0-9MHm 59m39BsL FoMTMoygbs LdsBOLM A9M-06x3MmMTs30wo M3900L Bg-
Mool dggdbs mommgmEo x0dobmgzol mgbgol 3509d0l dobggom. 53 sdmEsbol dosfy3g-
Gobm3zol 250mygbgdmwo odbs GIS #H9dbmemaogdol 36maMsdmwo Mbembzguymaol esri-ol
36Omd@o ArcGIS-o. 59 3OHMyModol Bodwgowgdom 33eg30L 999900l 8mbsiggdgdol Logwyd-
39bg dmbs 29Mm0bzmMTs30)0  ©493900L 539ds LHI3bY-X 935Dl Mgy0mbolmzol by3zeg30
15d99MEYMIM bOMOHdIOL MOMNMGMo K¥0dobm3zol (sbosergobols fomgwo meo, mdowolmeo 15,
LoEo 9) mgbgol Mmmbogg 35sdo (I 3os - 20/09; 1II gsos - 01/10; III gosgs - 10/10; IV g500s -
20/10). 6493900 I 3990 bob.1-3-do.
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5boE3obol fomguo Mol 36mMmEYYdGHoMwmds Mgbgol Mmmbogg 350sd0. MMamME Bshgzgbgdos,
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3dmdolz0b.
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WEATHER AND AUTUMN WHEAT YIELD

Narimanishvili T.

Samtskhe-Javakheti State University, Akhaltsikhe, Georgia

Abstract. In food production, not only the level of production but also its quality indicators are of great importance.
The quality of wheat grains depends on the variety, climatic conditions and cultivation technology. Agro-climatic
conditions affect not only wheat yield but also grain quality.

In studying the timing of sowing of the wheat crop, we tried to determine the effect of sowing timing and climatic
conditions on wheat yield and quality. The vegetation period of wheat was characterized by different natural-climatic
conditions, which were manifested by the drought of autumn and the sharp variability of high temperatures in spring.
The study used wheat varieties common in the region: Tbilisi 15, Red Doli bread of Akhaltsikhe and Sauli 9. On the
content of chemicals in grains, we conducted an experimental study.

Phenological observations were made during the vegetation period: emergence, recording, pruning, plant resistance to
dormancy, disease resistance.

Key words: climate change, winter wheat sowing dates.
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International Conference of Young Scientists "Modern Problems of Earth Sciences"
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9mbs398ms d5Bsdo 5MLYdIMo s bgedobsizomdo LOwo 39MH0MmEO, GMIgEog dmoasgl 2006-
2020 Heogdl [2; 3; 4].

wdomE 1s33e930 3gMHomEobsmgzol (2006-2020(0) s@IMbBgmmo boggdgdol  gobsfo-
900l 8mbs3g8900 (4m3gem3z3049m0 Imbs3999d0, 33-00) LAEbY-KX935bgMOL MYHOMboLEMZOL dodm-
3000bMm39m LodoMMZ3gML A5MgIML (330U S bLMBEEOL IGMMBYMdOL LsdobobEHMML 45Mgdmls
96036990 Looggb@Hmsb [1].

5000965, 53 MO0 3M33MbIbEHOL (39MEGHMBOEOL MW EHMMHOL FMbogw0sbmds s oGHIMU-
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IMPACT OF ATMOSPHERIC PRECIPITATION ON POTATO YIELD IN
SAMTSKHE-JAVAKHETI REGION

Tsiklauri G., Beglarashvili N., Tkebuchava Z.

Samtskhe-Javakheti State University, Akhaltsikhe, Georgia

Abstract. According to the Food and Agriculture Organization of the United Nations (FAO) in 2016, potatoes were the
fifth largest product in the world.

Agriculture is the main economic sector in Georgia. Samtskhe-Javakheti is the leading potato producer in Georgia.
Atmospheric precipitation and its main characteristics have a significant impact on the production, yield and quality of
agricultural crops, including potatoes.

The aim of the master thesis was to investigate whether atmospheric precipitation affects the yield of potato crop in
Samtskhe-Javakheti region.

2006-2020 was selected as the study period. Using existing data from two components (potato crop yield and
atmospheric precipitation dynamics), we constructed two-component combined diagrams using Microsoft Excel Office
software. Based on its analysis, we found that the yield of potato crop in the Samtskhe-Javakheti region is highly
correlated with the dynamics of distribution of atmospheric precipitation in the region.

Key words: meteorology, atmospheric precipitation, potato culture.
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