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The term “cultural tourism” established in international tourism terminology is somewhat foreign to the
Georgian mentality. However, this important international term is broad-ranging, subjective and defines one of the
main directions of tourism.

Georgia, one of the most beautiful and remarkable regions of the Caucasus, is one of the popular tourist areas.
The proximity of sea and mountain resorts, the diversity of nature, rich flora and fauna, ancient culture and traditions
give this region a very significant advantage. Nevertheless, one of the current problems of tourism development in the
country is the lack of available, adequate information about the ecological state of the natural environment of
recreational areas caused by anthropogenic impact.

The tasks of ecological monitoring of the natural environment of recreational zones and historical and cultural
monuments remain unresolved in Georgia to this day.

In addition, a number of conceptual and methodological issues of regional importance in monitoring
transboundary pollution have not been addressed.

One of the main components of monitoring transboundary environmental pollution is the study of the
mineralization of atmospheric precipitation (rainwater and snow).

The mineralization of atmospheric precipitation is determined by the concentration and physicochemical
properties of aerosols that are obtained during the mixing of air masses or by being captured by cloud droplets.
Atmospheric precipitation significantly contributes to the circulation of substances in nature and, by transporting
atmospheric impurities over long distances, is the main mechanism of transboundary environmental pollution. The
average multi-year values of the parameters presented in the paper allow their genetic division, including: urban,
mountain and coastal.

As our studies show, the magnitude of almost all the parameters under consideration decreases in the order of
the urban, mountain and coastal regions. At the same time, the relative magnitudes of the concentrations of Cl and Na
ions do not differ much from the data for the oceans, which indicates their mainly marine origin. Of interest are the
estimates of the total distribution of ions in the study regions during the warm -2i and cold - Xi periods. In order to
calculate the amount of dissolved impurities in the amount of atmospheric precipitation and the concentration of
dissolved impurities in it, we introduced the following formula: M = gH, kg/km?yr. Where g, mg/l - the average
annual concentrations of dissolved impurities in sediment samples, H, mm - the average annual sum of atmospheric
precipitation, and M - the annual amount of the studied impurities, which reached the earth's surface in the given area.

The multi-year average values of the studied parameter calculated using this formula allow us to conclude that
in the regions under consideration, mineral substances causing significant ecological damage are washed away. There
are all conditions to think that the source of these substances, possibly as a result of transboundary transport, should be
sought in neighboring countries.

It is worth noting that the full picture and nature of the negative impact of this event on the biosphere of the
study region is still not fully understood, but it is already clear that it includes such phenomena as:- oxidation and
salinization of the subsoil surface; - leaching of nutrients necessary for vegetation from the soil and the extraction of
its stabilizing agents; - increase in the content of heavy metals to toxic levels; - desertification, etc.
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Some results of the assessment of the ecological state of the natural environment in the
Kakheti region (Georgia).
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**Georgian Technical University
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The term “cultural tourism” established in international tourism terminology is somewhat foreign to the
Among the diverse impacts of modern society on the natural environment, along with climate change, it is important
to highlight changes in the composition and quantity of its abiotic trace elements. These elements influence the
diversity, form, and distribution of living organisms within a given habitat and pose a challenge to the production of
environmentally friendly agricultural products.

This paper presents methods for monitoring and assessing the contamination of natural environments with
metallic impurities, which enable assessments of the negative environmental consequences of anthropogenic impacts
on the environment.

This paper presents calculations of the amounts of atmospheric metallic impurities (Cd, Zn, Cu, Pb) washed
by precipitation onto the underlying ground surface and information on the content of these impurities in precipitation
(rain and snow), as well as in fruits and vegetables in various regions of Kakheti (Georgia).

These metal impurities are found in floodplain and terrace deposits of rivers, where pastures are located on
alluvial soils and agricultural crops are grown. The research results indicate that the environmental condition of the
natural environments in the region under consideration should be of concern to specialists and provide grounds for the
need for systematic environmental monitoring of its natural environments.

This can be illustrated by one region of Georgia — Kakheti — where, beginning in the 18th century, due to
deforestation and, since the early 20th century, due to the negative impact of industrial waste on the natural
environment, dramatic changes in the landscape have been observed, leading to the formation of areas with
characteristics of desertification processes.

Using atomic absorption analysis, we found that solid sediment samples from a humber of Georgian reservoirs
contain significant amounts of metallic impurities, including nickel, chromium, molybdenum, gold, platinum,
palladium, cobalt, vanadium, titanium, thallium, and zirconium. Moreover, the analysis results show that high values
are primarily characterized by titanium contents, which in some cases ranged from 1.2 to 5.6 g/kg. Also noteworthy
are the relatively high chromium and vanadium contents, which amount to 0.1 to 0.5 and 0.23 g/kg, respectively. High
iron contents are also noted. Studies of the content of several trace impurities in the bottom sediments of the Inguri
Hydroelectric Power Station reservoir show that the concentrations of Zn, Pb, Co, Li, and Cd are 78.8; 11.3; 20.3;
112.9, and 10.0 mg/kg, respectively.

These results demonstrate the predominant role of wet precipitation in atmospheric self-purification processes.
As can be seen, the majority of man-made impurities deposited on the underlying surface are products of their
leaching from the atmosphere, primarily by rainfall. At the same time, a significant proportion of atmospheric
impurities settles on the underlying surface as a result of dry precipitation under the influence of gravitational forces.
Considering the sanitary and hygienic requirements for the content of certain elements in food products, which limit
their quantities to the following values: Cd - 0.03; Zn - 10.0; Cu - 5.0 and Pb - 0.4-0.5 mg/kg, our results: Grapes - Cd
- 0.001; Zn - 13.3; Cu - 13.8; Pb - 0.45 mg/kg and Eggplant - Cd - 0.008; Zn - 12.3; Cu - 7.2; Pb - 0.49 mg/kg should
not cause particular concern, although they do not inspire great optimism. In addition to the above, the problem of
producing environmentally friendly agricultural products in Georgia is linked to active influences on meteorological
processes, including those that cause hail in Kakheti, Georgia's main viticultural region, where world-renowned wines
are produced from local, unique grape varieties.
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Climate change mitigation and adaptation potential of the main forest-forming
woody plant species in Eastern Georgia

Kavtaradze, G*., Lexer M. J**., Hochauer, C**., Chiburdanidze, K*., Basilidze, L*.
*Vasil Gulisashvili Forest Institute, Agricultural University of Georgia, Kakha Bendukidze Campus, 240 David
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and Life Sciences, Peter Jordan Strafie 82, 1190 Vienna, Austria
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Climate change is one of the major global challenges, driven primarily by the increasing concentration of so-
called greenhouse gases in the atmosphere. Forests, as the main terrestrial natural reservoirs for the accumulation of
carbon dioxide (CO, ) possess substantial potential for mitigating climate change. However, at the same time, they are
themselves highly vulnerable to the impacts of a changing climate.

Here we present the results of a study conducted between 2019 and 2023 by a research team from the Vasil
Gulisashvili Forest Institute of the Agricultural University of Georgia, in collaboration with Austrian experts from
BOKU University. The research focused on modeling the long-term impacts of climate change on the growth and
development of forests in Eastern Georgia, using the surrounding forests of Thilisi as a case study. The simulations,
carried out with the hybrid forest model PICUS v1.5, covered projections up to the year 2120 and aimed to assess both
the mitigation and adaptation potential of these forest ecosystems under changing climatic conditions.

The simulation results revealed that Georgian oak (Quercus iberica) and Caucasian hornbeam (Carpinus
caucasica), along with their respective forest formations, demonstrate a high degree of adaptability to climate change.
In mixed stands, field maple (Acer campestre) also exhibited notable adaptive capacity. In contrast, Oriental beech
(Fagus orientalis) was identified as the most vulnerable species under projected climate change conditions.

According to the assessment of forest biomass, carbon stocks, and the future accumulation potential within the
study area, Georgian oak and Caucasian hornbeam forest formations demonstrate significant longterm potential for
climate change mitigation, being more adaptive and resilient ecosystems. However, despite their future potential,
Oriental beech stands currently and are projected over the next half-century to perform this carbon storage function
most effectively.

According to the study, the forests of Eastern Georgia, the majority of which are of natural origin, currently
play an effective role in mitigating climate change. However, this situation may gradually change over the next 50
years, primarily due to the declining potential of beech forests, which have been identified as vulnerable to climate
change. Therefore, it is crucial to promote the preservation and formation of mixed forest stands with a species
composition that is resilient and adaptable to changing climatic conditions.
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Adhesive cements based on household waste

Markarashvili E.G., Chikvaidze I. Sh, Bazgadze Z.Z, Sidamonidze N.N.
Ivane Javakhishvili Thilisi State University, Department of Macromolecular Chemistry,
I. Chavchavadze Ave., 1, Thilisi 0179, Georgia
E-mail: eliza.markarashvili@tsu.ge
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Improvement of ecological state of the environment is one of the most important issues of modern times. In
this regard, it is essential to deepen the knowledge of those environmental problems, which are related to application
of polymeric materials. Environment protection from domestic waste pollution posing real threat to the environment
has to become a main care for each member of the society. This work foresees familiarization with the second aspect
of waste disposal and management — the opportunity of harmful waste transformation into useful products, which is
realized through chemical and technological processes, as well. Plastic waste disintegrate into small pieces in rivers
and are eaten by fishes. Afterwards these wastes hit human organism and have a harmful effect on health. Prevention
of plastic pollution means salvation of water habitants as well and this fact is acknowledged well in the European
Union. In March 2019, the European Parliament adopted the law prohibiting production of single use plastic, for
example plastic plates, knives and forks, ear sticks and other similar products. Protection of the environment from
pollution by domestic waste, in particular, should be the concern of every member of the community of the Black Sea
coastline, and to a certain extent, for all people. The work envisaged obtaining new safe materials on the basis of
household plastics and rubber household waste in the Black Sea coastline, which provides the opportunity to turn
harmful waste into a useful product. New construction materials are obtained on the basis of glass waste, plastics,
rubber waste and adhesive cements. New environmentally safe polymer composites were obtained for the first time.
These composites can be used in building materials, artistic and decorative paints and household items. For these
composite materials, the following were studied: water absorption, bending and tensile strength, impact viscosity,
physical-mechanical and thermal properties, supramolecular structure of the surface by SEM scanning electron
microscopy, unfolding and correction time. One may draw conclusion that prepared new samples of cement glue, to
which 1, 3, 5% of glass powder have been added and 5% of rubber waste have been taken in all cases, have improved
their mechanical properties. The best results have been obtained when 5% of glass and 5% of powdered rubber tire
have been added.
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About Two Stage Cleaning Method Against Arsenic Polluted Water

Tabagari I.*, Varazi T.*, Dumbadze N.*, Kurashvili M.*, Pruidze M.*, Khatisashvili G.*,
Karpenko O.**, Koretska N.**
*Durmishidze Institute of Biochemistry and Biotechnology of Agricultural, University of Georgia, 240 David Aghmashenebeli
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This paper addresses to pressing issue of arsenic pollution of ecosystems. Georgia is no exception, as arsenic
was mined in the northwestern region of Georgia for 50 years before independence, resulting in the contamination of a
large area surrounding the former mining sites and storage facilities. The urgency of this problem is indicated by the
special attention paid to this region recently, by the state environmental protection organization.

The authors of this paper studied the extent of soil pollution in the target areas and, based on the obtained
data, began researching, developing, and implementing a comprehensive approach to arsenic removal from water.

Aim of presented work is elaboration of Spirulina-based biological system for cleansing arsenic polluted water.

It has been cultivated Arthrospira (Spirulina) platensis biomass using Zarrouk’s medium, which provides optimal
nutrient composition for maximum cell productivity and photosynthetic performance. The water used in laboratory
tests was artificially contaminated by sodium arsenite (NaAsO,), with concentration 2 ppm. During a five-day
incubation period, Spirulina’s physiological response—including biomass growth and chlorophyll concentration—was
monitored to assess the organism’s tolerance and metal uptake capacity.

It has been optimized two-stage system for effective removal of arsenic, achieving complete elimination
within 72 hours. In the first stage, water was incubated with Spirulina for 72 hours for initial biosorption, then
transferred to a second tank with fresh biomass and filtration to prevent metal re-release and maintain purification
efficiency.

Full purification occurred in the first tank, making the process energy-efficient and cost-effective.

Obtained results indicate that Arthrospira platensis revealed ability to uptake arsenic due to surface functional
groups enabling adsorption and complexation, supported by both passive and active mechanisms that ensure stable
retention.

In conclusion, the Spirulina-based biological purification system proved to be highly effective for arsenic
removal at low concentrations (2 ppm), without the requirement for chelating agents, biosurfactants, or a secondary
purification stage. The process is eco-friendly, scalable, and adaptable to various water treatment applications. This
sustainable technology holds strong potential for deployment in post-mining regions of Georgia and other areas
affected by legacy arsenic contamination. Future research will focus on the biochemical and molecular mechanisms
underlying arsenic uptake and on further optimization of the system for field-scale implementation.
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Arthrospira (Spirulina) Platensis as an Effective Tool for Treating Manganese Polluted
Water

Tabagari I.*, Varazi T.*, Dumbadze N.*, Kurashvili M.*, Pruidze M.*, Khatisashvili G.*, Karpenko
O.**, Koretska N.**
*Durmishidze Institute of Biochemistry and Biotechnology of Agricultural, University of Georgia, 240 David Aghmashenebeli
Alley, 0159 Thilisi, Georgia.
**Department of Physical Chemistry of Fossil Fuels of the Institute of Physical-Organic Chemistry and Coal Chemistry
Named After L.M. Lytvynenko of the National Academy of Sciences of Ukraine, Naukova Str, 3a, Lviv 79060, Ukraine.

Keywords: Spirulina, Manganese contamination, Phycoremediation, Biosorption, Water purification.

Manganese contamination is a major environmental and public health issue in western Georgia, Chiatura—
Kvirila River basin, where over a century, open excavation of mining has led to toxic residues in water, sediments, and
soils. The Kvirila River and its tributaries often appear dark brown or black from mining effluents, and local
communities report higher rates of chronic diseases, including respiratory, cardiovascular, and certain cancers, linked
to long-term manganese exposure.

In Georgia, the maximum permissible manganese level in wastewater is 0.01 mg/L, yet measurements in
mining areas show concentrations up to 36 mg/L—thousands of times higher—underscoring the need for sustainable,
low-cost, and biologically compatible purification methods.

Aim of presented work is a creation of biological purification technology based on Arthrospira (Spirulina)
platensis for removing Manganese from highly contaminated water. The objective was to create a green, scalable, and
energy-efficient treatment process that could be adapted for field application in western Georgia. Spirulina’s well-
known physiological resilience, high surface reactivity, and metal-binding capacity made it an ideal biological
candidate for this purpose.

It has been cultivated Spirulina biomass using Zarrouk’s medium, which provides optimal nutrient
composition for maximum cell productivity and photosynthetic performance. In laboratory tests water polluted by 100
ppm concentration of manganese. Over five days, Spirulina’s growth and chlorophyl were monitored to assess
tolerance and adaptation.

It has been created two-stage system for complete removal of Manganese from polluted water: in the first
stage, water was incubated with Spirulina for 72 hours for initial biosorption, then transferred to a second tank with
fresh biomass and filtration to prevent metal re-release and maintain purification efficiency.

In conclusion - Spirulina showed effective manganese uptake, reaching maximum removal after 72 hours.
Despite a 25% drop in chlorophyll, growth and photosynthesis saved, and blue-green pigmentation remained,
demonstrating resilience under metal stress.
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Automated Forest Mapping for Sustainable Ecosystem Use in a Changing Climate:
Case of Georgia

Mariam Tsitsagi* **, Ana Palavandishvili** *, Marika Tatishvili ** *
*TSU, Vakhushti Bagrationi institute of Geography
**GTU, Institute of Hydrometeorology

Keywords: Remote sensing, GIS, forest, automated mapping, Georgia

Accurate and up-to-date forest mapping is a cornerstone of sustainable forest management and the broader
study of natural ecosystems, particularly under the pressures of modern climate change. Forest ecosystems play a
critical role in maintaining biodiversity, regulating hydrological cycles, and sequestering carbon; thus, understanding
their spatial distribution and dynamics is essential for sustainable use and conservation planning. In Georgia—a
mountainous country characterized by diverse landscapes and complex topography—automated forest mapping
remains both a challenge and a necessity. Steep terrain, varying forest density, and microclimatic conditions
complicate the accuracy of remote sensing—based classifications, demanding advanced and adaptable approaches. The
main objective of this research is to assess the efficiency and limitations of different automated forest mapping
methods using multi-source remote sensing data and geographic information systems (GIS). Several representative
study areas across Georgia were selected to capture diverse environmental and geomorphological conditions. The
study integrates medium- and high-resolution satellite imagery, including Sentinel-2 MSI and PlanetScope,
complemented by visual data validation from Google Earth and field reference points. Sentinel-2 imagery, with its 10—
20 m spatial resolution and wide spectral range, was used as the main dataset for forest classification, while
PlanetScope imagery (3—5 m resolution) served to refine mapping accuracy and validate the spatial detail of classified
areas. Various classification algorithms were applied and compared in ArcGIS and Google Earth Engine (GEE)
environments, including supervised and unsupervised methods such as Maximum Likelihood, 1SO Cluster, and
Principal Component Analysis (PCA). The use of GEE allowed for cloud-based processing of large datasets and
facilitated rapid analysis of temporal changes in forest cover. Results from automated classifications were validated
against ground control points and high-resolution imagery, providing insight into the accuracy and suitability of each
method across different terrain types. Comparative analysis revealed that the classification accuracy significantly
depends on topographic complexity and image resolution. Sentinel-2—based classifications performed well in lowland
and moderately rugged areas, while PlanetScope data improved the delineation of forest boundaries in mountainous
regions where spectral confusion and shadow effects are more pronounced. The combination of these datasets,
processed in both ArcGIS and GEE, demonstrated an effective workflow for large-scale, semi-automated forest
mapping adaptable to varying landscape conditions. The findings highlight both the efficiency and the limitations of
commonly used remote sensing methods in the context of automated forest mapping. By identifying the most suitable
classification approaches for specific terrain types, this study provides a methodological framework for improving the
accuracy and consistency of forest monitoring in Georgia and similar mountainous regions. Ultimately, such
advancements support sustainable forest ecosystem management and contribute to the broader understanding of how
forest cover responds to environmental and climatic changes.
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Environmental Assessment of River Deltas in the Southeastern
Black Sea Coastal Zone

Kodua M.*, Starodubtsev V.M.**, Tebidze M. *

*Department of Hydro-engineering, Georgian Technical University, Thilisi, Georgia.
**Department of Agrosphere Ecology and Environmental Control, National University of Life and Environmental
Sciences of Ukraine, Kyiv.

E-mail: m.kodua@gtu.ge; vmstarodubtsev3@gmail.com; tebidze.mari22@gtu.ge.
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This study examines the impact of flow regulation and economic activity on the river deltas of the
southeastern Black Sea basin. These processes, together with modern climate change, are having significant
impacts on natural resources and land-use patterns. A comparative analysis of the basin’s deltas highlights
the scale and specific characteristics of these transformations. The research methodology combines
cartographic analysis, GIS modeling, and field investigations. Delta evolution is shaped by sediment
transport, river discharge, and land-use dynamics. Erosional processes occur in areas where sediment
deposition interacts with coastal currents and wave action. The construction of reservoirs has markedly
reduced both water discharge and sediment supply to the coastal zone. The findings provide valuable
insights for infrastructure planning, agriculture, recreation, wetland protection, and the sustainable

development of human settlements.
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Climate change is one of the most significant global challenges that need to be managed. To resolve any of the
climate change related challenges, it is essential to integrate knowledge across a range of systems, consider the
complex and uncertain nature of the individual systems and their interrelationships 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 Understanding of the natural environment is increasingly important as society struggles to
respond to the implications of a changing climate and anthropogenic pressures on finite natural resources, and their
impacts on water, energy and food security, infrastructure, human health, natural hazards, and biodiversity. This is
also a major cross-disciplinary challenge involving, meteorologists, climatologists, ecologists, hydrologists, soil
scientists, biologists, chemists, physicists, and statisticians. With the need to influence policy and derive well-founded
adaptation and mitigation strategies, there is also an increasing emphasis on social science and communication of
science. The complexity of climate issues requires adaptive strategies for public policy, actions to incite social
behavior, and the development of regulatory and market-simulating responses to economic life. To meet this complex
societal need, research has focused on understanding the causes of climate change, the development of predictive
models, and mitigation solutions, as well as the exploration of opportunities to shape social attitudes.

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. 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.

NBS can contribute to the following multiscale interconnected challenges: (a) social dimension of sustainable
(b) economic development and (c) positive environmental impacts. With regard to environmental benefits, these
include air quality regulation, climate regulation, natural hazards management, water flow regulation, water
purification and waste treatment, erosion regulation, green space management, etc.
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The relief of Georgia is characterized by a complex geological structure, which is due to the constant action of
endo and exogenous forces on it throughout geological history. Their result is the following natural phenomena that
periodically occur in the mountainous environment. Examples of active processes of exogenous forces are: pulsation
of glaciers in the mountains, landslides, physical and chemical weathering, erosion and destruction by water. It is
necessary to note here the human impact on nature, which mostly ends with negative consequences.

In mountainous regions, the first to be distinguished is the action of glaciers, which over the years played a
major role in the formation of the relief of our country. The action of glaciers often had negative consequences. An
example of this is the Devdoraki glacier. It was also characterized by the blocking of rivers, the filling of negative
forms on the glacier and, depending on climatic conditions, in particular, the occurrence of uncontrollable floods as a
result of frequent atmospheric precipitation. Such processes took place in 1776, 1778, 1785, 1808, 1817 and 1832.
However, this process is still ongoing. The last glacial flood occurred in 2014. After this event, an early warning
system (GEOTEST AG) was installed in the district (Kazbegi Municipality). The system allows for any glacier
movements to be warned and the negative consequences of the disaster to be avoided. Unfortunately, a similar process
developed on the Buba glacier (2023), when, precisely against the background of exogenous processes and modern
climate warming, a rock avalanche collapsed, the stabilization of the glacier was disrupted, and a glacial and
unconfined flood in the Buba river valley killed 33 people.

An example of erosion processes is also landslide events, which often block valleys in our country and form

damm (exotectonic) lakes. Many examples of their breakthroughs have also been recorded. Such are: Lake Kvedi,
Lake Khakhieti, Lake Patsa, etc. In modern times, Lake Khiso (Nashliani) was formed in this way. Which still exists
in nature. Fortunately, it has not yet caused a flood.

It is necessary to mention the tragedy in Thilisi in 2015, when on the night of June 13, as a result of heavy
rain, a landslide descended from the mountain slope onto the Tskneti-Samadlo highway section, which blocked the
Vere River for a certain period of time. Within a few hours, the water broke through the blockad mass and caused a
flash flood. The disaster claimed the lives of 21 people in the capital, destroyed roads, tunnels and houses. After about
2 hours, the river returned to its original bed.

The result of exogenous processes in 2025 is also the myrgenerate of a dam lake on the Karneba River, when a
landslide descended into the river valley during the activation of known geological and geomorphological processes.
Fortunately, the valley was immediately cleaned and the necessary works were carried out, as a result of which the
expected flood was avoided.Unfortunately, for Georgia, in the context of today's climate warming, it is not easy to
eliminate all natural disasters. Therefore, there must always be monitoring, scientific research and observations in
mountainous regions, where such processes are common. It is also necessary to inform the local population about the
expected natural disasters. This, if not completely, will significantly reduce the negative consequences of disasters for
the region.

28



Lsgo®omggamls 99360gMgdsms g@magbrmo 3509000l @sslsgdols 85 ferolimsgolisedo dodmgbowo Lsghomsdmmole Lsdgsboghm 3mbggtgbaos
2076906030 93mbobBgogdol Aglffagurs s dyMowo 3sdmygghgds 3ewods@ol msbsdgpmhmag 33wowgdols 3o06HMdgddo”,
bAyg-ls 3000HmIgBgmMeEmaool 0BLG0GMG0, ©dowolo, bsdsGomggwm, 11 ©g3gddgmo, 2025 .
International Scientific Conference Dedicated to the 85th Anniversary of the Founding of the National Academy of Sciences of
Georgia "'Study and sustainable use of natural ecosystems in the conditions of modern climate change",
Institute of Hydrometeorology, GTU, Thilisi, Georgia, December 11, 2025

09995600 M9BMbsbLoL gsdmygbgdol 3gMLidgdGHoz900

339Mbsewody 0., 35356509 b.
bsgsogganmls 3976032960 296039Gb0Bgd0b 30BGm3gdgeabmemmgool obbBod ko

1553356dm LoGY3900: H7HBMbIBLO, 9eFgdo, 39¢LGHOMTMEOo Imgzwgbs.

99995608 O7BMbBLOL Mg gbsl MFMmEIdgh gsdofioll Bgs3oMLy s 0MbMLGYHML JmMol
0630 BgsdsLobFoMm0sE  FEPG  9gEgBHOMIRBOGHMO  Bow®gdol  [omdmddbsl. sbgmo  dYsMmO
B&owgdol igo®mms, <dg@gl d90mbggzsdo, gwFgdmMo gobdmb@ggdo. dmdsbol Hgbmbsblo 9x39dEme
0bLEGHMWA6GI© 03w ds oMM Fgbolifogws. ol gosdmoygbgds 396930l bbgosolibgs 3o@slEGMmmamEo
9396930l 3MmMI0MmYOOL 508MbORYBI©, FerMdsMMO 9 F Mo 5JGH03MdOL, 3Eodo@ Mo, 3w 39bmeMo
5 bgobdN®o 3Mm3ggd0L dMboEMMm0baolsmM3z0l. Fglodsdobo godmm3zmwomo d9ommgdols Asdmygbgdom
3obObOE  FoboLOBMZMGOs 9 FgdME0 BMbOL 3m335JBHMM0 5EAOWIPYMTMYJMBS. 50 Dmbgdol gobgbs
3090mgL  35BHVGHOMBM  dmzwgbsby. Tmdsbol MBMbIBLOL  2odmygbgdom soblibgds g Fgdmeo
3396Mmd96900L  X909d0L, 13MY0GJOOL s gxzgdol [omdmddbs.  Fxmdsbol  GHowegdol  Lobdomggdols
399myg9bgdom 894dbogn bgwlisfymgdoom 5ygbgb Bobdomysemdsgdol s0mdgdsMgmdsl bwgsdo. gl
b035¢mHo Imgegbs 29dmoygbgds ©gsdofioll 0mbmliggmml d3gs xBgbol s  sbggg Lbgs owGo
Lbgmargdol Bmbomgdolsmazob.

3936096 33039090 93sbol Gowmqdol Bgdmddggds 5sd0sbols xsbaMMgEMdsbY.
39bobowgds s 033935 BB3sILLZS se@BHgMbod o MgMmsdowo doymdgdo. 33e9390ds 583965, MH™A
9999560l Lobdotg 7.83 33 9gdmbzg3s 55305608 BHZ0b0OL SEGs-MOMIJOL s bagwls MHYMBL Hgsglbozosl,
X 5680009 Mmdol 49dxmdgLlgdsl s 3060l B630900L 356FNMBODBEOSL. 3M5dEH03MWOP FEMDIWMEOO
3999560l OH5BMbBLOL BoJLoMmYIMWO 35659xBHMYO0 Fo3gbslL sbIbL 3eobg@Esol 6gdolidog® Imgwgbsby.

50bB0T65305, MM LodoOM3gE™m 0MZWYds 9MH0-9hHm g F)Jusdod Mgaombs® (9eFqMO LIS
Lodmoem  farom@o Gogbgzo 40 50fg3l) o bbgs 3wods@mo vy 396906030  35@ILGHOMBMO
93 gbgd0Lsgsb (Aofolidzms, BHyol bobds™o, Yo omds, bYBHY3s, 3353s s bbZs) M SMHOL WSEMEO.

5060950, 9m3sbol MgBMBIBbLOL Bogrdzgawbg dgddbowo bawlisfymgdol 4s9mygbgds Lbbgssolibgs
01690030 dM3gbgdol IMbOEHMMObYOLIMZ0L s 9@0BOL K IBIMMNIWMBOL  goIxMdGLYBOLIMZOL

5dGH199em0 bgds BogdoMmmM3gembisomzoLss.

29



Lsgo®omggamls 99360gMgdsms g@magbrmo 3509000l @sslsgdols 85 ferolimsgolisedo dodmgbowo Lsghomsdmmole Lsdgsboghm 3mbggtgbaos
2076906030 93mbobBgogdol Aglffagurs s dyMowo 3sdmygghgds 3ewods@ol msbsdgpmhmag 33wowgdols 3o06HMdgddo”,
bAyg-ls 3000HmIgBgmMeEmaool 0BLG0GMG0, ©dowolo, bsdsGomggwm, 11 ©g3gddgmo, 2025 .
International Scientific Conference Dedicated to the 85th Anniversary of the Founding of the National Academy of Sciences of
Georgia "'Study and sustainable use of natural ecosystems in the conditions of modern climate change",
Institute of Hydrometeorology, GTU, Thilisi, Georgia, December 11, 2025

Pgamol Mglm®LYdol IaMs®Oo g3dmyggbgds s 0bEYaMoMgdamo dsGmgzol
3961399303900 80bs6g 0mMol s7Bdo

39356509 Bsogmo

bsgsogganmls 3976032960 296039GboBgd0b 3omGm3gdgeatbmemmgool obbBod o
knaili1990@gmail.com, n.kapanadze@gtu2021.ge

153396dm Loyggdo: {ywol MHglvelgdo, 0bGHIeMoMdEo dsMm3s, dobsdy om®mo, 93mbolEgda®o
9355305, 0bLEOGE0OO 3NMOHObYEOS.

9006569 0060 (oMo gbl  LodoMmzgwmlb  sdmbsgwgm  bsforol gMm-gho  3603d3b9m356
30OMEMmQ0OH LolGgdsl, MHMIWoL smBo dmoEsgl MMAMOE oo dmosb, 1939 FdMoso bGgdmemo
303530l Bmbgdl. s19bo bslosmgds fywol MHgbmOLgdol bybmbmMo s LOgOEOMO SMM6dMO

aobofomgdom, Moz oblogmmmgdoo  9(39390 3w0bgds  bogbmwol  3gMomdo s  0f393L
095000mBo652900L5 @S Bo®igsg0 F9gMHBIMBOL 3GIMDEGTGIL.

B3WMBSCMEOO0 30TdGHNIOH0 (3300930, 5BHIMLBIOMWwO bsgrgdgdol Ggm0dol (33e0Egds, fywol
MHgbOLYOOL  5M0gRGJEGH0B0  490MYgbgds, Fofomlo®mygdemdol 0bEHIbLOBO3ZsE0s S 3oMMEYIbolzMMo
06835 GHMIBHOOL dmd3zgwgds BMEOL 93MEWMmPOMH s LOEosWMM-93mbmdozm® MHobzgol. s0bodbmem
3007030  Q9bLs3MMMGOME 8603369 mdSL  0dgbL  Fywol  MalOLgdOL  0bEHJYM0MIdMWo  FoOMIS
(IWRM), 6G®Igarog s9D96mo 300630308 Logmdzgwbdg 93memyom®o, 93mbmdogm®mo s LmEoswy®o
06@9Mm9Lgdol G9msbbTdgdsl MBOHMb3geymgls.

339308 d0Bsbos  Iobstg 0mEOL  smHdo  igwol  MglELYdOL  0bGHYMOMmgdIMo  FoMmZ0L
LoFoMHMgdol  OLIOMMYDS,  OLYIMO  FEYMIIMGMOOL  bsErobo s 989IEHWGO  BoOM30L
900560 90900L 2oBLYBOZGMS. sOLYdMO Jmbs3gdgdol Jobg300 OYIBOW0s, HMI BYEI30MMWO S

dofioligzgds fyargdol zmOIoMmIds 3603369wMm3bs 9GOl FMI0WIIMWO  5BHIMLBIOWME bowgdgd by,

bogem Boxbredo Bsdmbogbo 8339000 d300©90s. 3md39wgdwo Lodfiysgzo bLobGgdgdo of393L Hywol
30-40%-056 565356, bonerm 4399m ©obgdol Imbs3390098d0 906036905 fyarol boobbols gorgstglinds s

93280 9IMMO EIFMOPOE0S. 3OMDdGISL 58F>BMHIOL 0BLEOEGHMEFOIOO 3MOPOBSEOOL bo3gdMds.
339308 BoGyangddo  boboldmmos  0bGHYMm0Mmgdwo  sMm3z0l  BMBML  BsIMYsr0odqdol,

dmboGHMm®mobgaol  LobGHIIoL  @odogMgdol,  LsMfyszo  0bFOILEHOWIGHMGOL  FmEOBoBsEooLs

3QQ0MIM030  BoBMYsMGdOL  BosOOMEMdoL  360d3bgermds.  s0bodbwo  doyamds  [oMmdmoagbl

930MA0)M0  BASDOWIOHMOOLS S bME0SEE-93mbmdoz Mo  dEYMOEMOOL Jorfgzol  sME30wgdgE
fobsdotrmdsls.

30


mailto:knaili1990@gmail.com
mailto:n.kapanadze@gtu2021.ge

Lsgo®omggamls 99360gMgdsms g@magbrmo 3509000l @sslsgdols 85 ferolimsgolisedo dodmgbowo Lsghomsdmmole Lsdgsboghm 3mbggtgbaos
2076906030 93mbobBgogdol Aglffagurs s dyMowo 3sdmygghgds 3ewods@ol msbsdgpmhmag 33wowgdols 3o06HMdgddo”,
bAyg-ls 3000HmIgBgmMeEmaool 0BLG0GMG0, ©dowolo, bsdsGomggwm, 11 ©g3gddgmo, 2025 .
International Scientific Conference Dedicated to the 85th Anniversary of the Founding of the National Academy of Sciences of
Georgia "'Study and sustainable use of natural ecosystems in the conditions of modern climate change",
Institute of Hydrometeorology, GTU, Thilisi, Georgia, December 11, 2025

19393056030l 560530039090 30330 YMO 3OM3LYdO LsgdsMmggemdo

39356599 650¢m0, 303300 856035, 3319Mbser0dg 0006y, by30330¢0 935¢9M0bY

Usgs®orz9emml 397603960 #16039GL0BIAH0L 306AgEgmGmenmgools obUAodLIA0, Usgs®omzgemm, omdoerobo
knaili1990@gmail.com, n.kapanadze@gtu2021.ge

53336dm Lo@Y3zgd0: F0MIMNWS30MM0 3OHMEJLYBd0, (3030 BOMBEHIOO0, MOMAMITB0YO BodEMMYOO.

U9gAHY3s Homdmoygbl gMm-9Mom 8608369wm™m356 39690603 30OMIYEHJMOMEWMY0E  dmzegbsl,
6Hmdgoi 960936900Mm356 Bosbl 59gbgdls Lmgol dgwmbgmdsls, 0bxMmILEMWIGHMEmLY s 93mLoLEJIgdUL.
193HY3056mdOL LobJoMy s 06@EIBLOZMBds AoBOLEDBPZMGds F03MM- S FGBMISLIGSOMOO S5EHIMLGYIOHWIO
36m39Lgd0L  3mA3WwgduMo  MOMOIONIIgEIOOm, OMIMGdol  Mo30L  dbGOZ ©5dM300090Y)C0
LObM3ZH03MO 30M3INS30VIO 30MHMBIODY. LJoOMNZIWML 3¢0To@EHE LoliBYdsBg 36033690356 Fogargbsls
3b9bL L3I 306325300l EMI0BOMYDS, HMIgoE FobsdoMmMBIOL 303wMmbMNOO s BOMBEIWMEO
LoLEYIJOOL gos5AO0MYOSL 8530 B30l MYR0MboE. 3030 FOMOEHIOOL 35055Y0EYDS IBIZLJ0SH
5©dMboggmolizgh §omdmoagbl gom-9mm 360d369wm3s6 99dsbobal, MmIgarois off393L 396GH035wE
©069090L 5 5GHIMLBIOME  5MSLEHIOOEIOHMOL, M3 byl Miigmdl dwoghH 3mbgzgdiosl s bgdyzol
OGS 49630056 905L.

39653 9B0m 5OBB0TEs305 Ol BogEO, MM LodsMMZgeMl FHIMHOBHMM05DY (3030MbgdM6 gPms
bdoMoE 03391905 MBOO S (3030 35900l Agdo, M3 Jdbol dwogd GHYI3YMGHWIOME 3MBEHMILEAHL
B93060BY s Fopowo 9bgMyool dJmby 9MOFEAMOE  SEGHIMLGBYIOHM  R9bsL. LgBY3oL VOHWBEGdOL
2963000060905 LJoOMNZGEML 306HMBJOT0 9dgABHILOE SBMEFOMEIOS FoLoWO 3Hga3geMsGMOLS s 39bosbmMdOL
53mbBY gob30msM9dMw dwogH 3163993096 59EH03MmILMSb. gl 3OMEgLO FBLLZMMMGB0m 0bEbLOYGS©
90900656H9mdL  350b0EsD  03wWoLLAEY 3gMH0M©AD, o3 ©9353000EYd> FBOL  M3OSEOOL  FoBOHO
0Bl O BYI30MMEO A50dMBOL 303U.

Lodomm3ggerml 3md3wgdurMo Mgwogxo - 390dm, 3933560Mmbol Jgo ©s Fos JoMmwobs s
Jobgmols  39wqo0 - Jdbol 30MMBGPOL  MEOMAMIGROMEo  5{g30LoM30L, o3 93E0gMIIL  3MbB3g30M
3639L90L. IbY EOL A9BBs3EMdIT0 S3bMBIBL FgdOL BYOMBYIOL, Broz 0f393L 35960l 50Bsbgesl
OOl ZMOHIoMGOSL. MOMAMIB0MO  B3JEHMMYI0 I60030)w ™36 Ol MsTsdmdI6  LgByzoL
99000b393900L LogMEOM Ybsfowgdsdo — 996l MPMIOOM sesBBOL 3gEbg, BBH33MOL bBgdm ©obgdLS
5 0 Jsdomendo.

Uogdo®mmz9wml bgEYz056mds bgbmbmGs dgMygmdl s Joglodmal s@figll Bsoli—ogboliol mzgggddo, Mos
90mbg93s 30639930960 59dGH03mdoL bgBMbMGH 303L. oLz gm Lods@mzgermdo bGHYz056Mds JgsMgdom
Bo3@gd0s, 35006 GmEs 50IMLsgegmdo, goblisgzmm®gdom dos Mgu0mbgddo, LyEYz05bmds A530¢9d0m
bdotos — gb  @odmfzgmeos Togo B30l GH9gbosbo 3590l gdzomgdmwo  Bgdmddggdom s
30b630b9bGHWM0 300085GHOHO 306OHMBIO0.

5060250, 193HY3056mdol gsdma(j3930 F0MINWOE0MH0 3MM3gLYd0  LodsMmzgwmdo FoMdm-sc0ygbl
3WMBSME0, MHJROMbMWo @O WM HO  FsLIGIO0L  SEBHBMLRBIOIo  F9ds60BTgdoL  3MmB3EgJLL.
19BHY30960 58060  JOMOMOIP  539300MYIM0s  303CMBNEH S BFOMBEBIME  LobGH9IYOMIb,
99Bm3sLFE90M 3:639§3096 5dBH03MOBMD O MOMYOIGBOME 306MBGOMD, HMIgdog bgwl MHgmdgb
d096  390G035IH  ©069090Ls O SMLEBHNVOWIMHO  5BHIMLRIOMWO  TMHYgdoL  Q9B30MMYISL. 53
3639900l 989dBH0b0  3OMPBMDBOMmYds s 33wg3s  9d60d3b6g™m3sbglos  LgByzol Lsfobssmdwogym
©®bolldngd9d0L s393d35L5 s dol LMo Ho®dsm3zsd0.

31


mailto:knaili1990@gmail.com

Lsgo®omggamls 99360gMgdsms g@magbrmo 3509000l @sslsgdols 85 ferolimsgolisedo dodmgbowo Lsghomsdmmole Lsdgsboghm 3mbggtgbaos
2076906030 93mbobBgogdol Aglffagurs s dyMowo 3sdmygghgds 3ewods@ol msbsdgpmhmag 33wowgdols 3o06HMdgddo”,
bAyg-ls 3000HmIgBgmMeEmaool 0BLG0GMG0, ©dowolo, bsdsGomggwm, 11 ©g3gddgmo, 2025 .
International Scientific Conference Dedicated to the 85th Anniversary of the Founding of the National Academy of Sciences of
Georgia "'Study and sustainable use of natural ecosystems in the conditions of modern climate change",
Institute of Hydrometeorology, GTU, Thilisi, Georgia, December 11, 2025

9399 Joe0neol §ogobzgdol 3Ms35¢fier0sbo LEBsEOLE03S S
®5b59900M™39 $H9bgbizogdo

353565dg bsogmo
Usds®03390cmml 394603960 «160396GL0AIAOU 3o0GHMdgdge6eemmg ool 0bUBodeIH0

153356dm bo@yggzgdo: Fogobgs, ©yobzm 39Mom©o, 3939G930M0 bLybmbo.

d390m  Jommeol  Lmgywol  Jgm@bgmdol  ghm-9ho  360d3bgerm3zsb  3MMdgdsl,  Lododo
300039 JMOMW M0G0 Im3w9bgd0sb, fogobzs Ho@mdmoyqbl. Fogobzs s®ol 3ga9@sgool 3gMHomedo,
5090000 L53PWM EINSTNOO  39a39MoGMOL BMEDY, 359MH0L 96 boowsyoL FH9YI3gMoEGIMOL 35Mbs
0°C-8¢0g, 96 MBOH™ J399Mmm. 030 JOMHOMOI MYOOHWdEM [4bo® 58060 3obgds s FobL3MPOGdOM
d9Ls3RBg30 bgds TIMOEo 4969090  vOJBH03Mwo  359G0L  Fobgdol FgdmFMoL MM, Fomeo
5GHIMbBgOMwo (j6930L, Fomowo 9x9d@GHIO0 Fodmlboggdols s B0 JoMol 3oMmMdgddo. fogobzgdo,
Mm@ Hgbo, 9906086905 25Boxbryemlis s 890m©AMIsbY.

39603 gd0m L5JoTdos 43006 AsBOFbMWOL s SEOMIMwo FgdmEymdol Fogobzgdo, GMIgdos
90mbg9g3s 93965090 59GH0MO BOOL 39M0MEL. J399m JoMommdo 500 543 dbmEmE LYLE ©s
bmdoge  Hogobgzgdl, Mdzs  Hoyobzgdol  Lsdodmmgdol  boMobbo  sIM30IOME0s  9MSTIMEGHM
06@9b6L03MdsBY, 50539 Fo0 OEPMIOL 350JODY, bobaMA03MdIBY, B3gbsMgms 496305M9gdOL Fobsby,
50 IEYOMGMIOL MHY0IRE 30MHMdYODY s bbg.

965350 omEo bsdsEm dmbsgdgdol dobgzom  J39dm JoOmwol GHgMoEMM0sDY 4oBIRbBNMOL
0mm §og40b3900 dMd MH50mbgddo 1000 3 LOTsMEgdy (MMBOOLO, HMLMOZ0, J5MEIBBO, FoMbgmaro,
dmbolo) bYW M@ ToOHEGHOL dMW ML 0fygds S 2 53MHOETEY 3MIJEIds.  beagrm Fo0oedM0sb
bmbsdo, 1000 3-ol Bgdmo  (0gMOfgo®m, dobawobo, @Isbobo, foenzs) 15/ IV - 2/V dmsergdo
50060d69ds.

d99mpamdol  30639w0  §ogobzqgdo J39dm  JommEool Mgyuombol  IdwMd Gsombgddo (1000 3
L0ds0E9dY) Ladmswrm dgaygmdl 3/XI - b 16/XI-0¢g (BsMbgmeo, gsMHVBBO, dragwbolio, HMlmsgo,
0d0obo JqLodsdols), bmerm 1000 3 Bgdmom (Hoerzs, IsBoLO, Fobyerolio, mgm®ofystm) - 10/X-1/XI
d90gdo.

yob3m 396000l Lsdrsem bsbyMdwozmdols  yggwsbyg dowswo 3609369wmds (EY) 500bodbgds
mdoeoldo - 236 ), OHMIGELsg dm3g3gds OMLmzo 229 Eom, dmebobo - 224, astmsdsbo 219,
35Mbgmaro - 215 Eom. 439wsbyg 3009 bobyMdarogzmdols myobgm 39Hom©o 0330603908 o zsdo - 160
©OY. 190630 39600@0L Mg30MHEYWs© boba®dwozo 3563969090 Mdowrolido sRoJLoMES (327 ©MY),
94399 906005 mEo -Foenzsdo (126 ). 98mEol, ™A Lods®Erol 3310w gdols dobgz00 033EYdS
OMAMO3 FoBoRbMEOl dmerm Fogobzol T9fyzgdols s 8gdmamdol 3oMzgwo fogobzol samadols
05600000, 0y MYobzm 39M0mEOL LsdMsEM, MBE0MHILO s Moo 860dz36gwmdgdO.

303530l 09659900M™39 (33000 gd0l Bmbbg (2007-2022 {)f).) 9906086935 mdowolls s dmebolido
2055360l ogobgzgdol §ob 4os0bs33wgds Tgbodsdobs 6-5 Mom s dgdmeymdol Fogobzgdols - 12-9
QoM 93056, {ogobzol Lsdmswm 86003690 mdgd0L §obs33ergdsd ™dOEIOLLS s dmbolido Asbots
myobgzm 39MH0Mm©YdoL boba®mdw03mds dglsdsdolo 18 s 14 rom, 11)d3s 350w dmosb Bmbsdo (fownzs)
Ls30MHoL30OM 9539JG0 dg0bodbyds.

5060050, G969b30s 30MmOMIIL  3989BH9E30IO0  LYBMbOL  AobIbyMA03905Dg, o3 MMYME(3
32650 33963050l BOEIL  (IMZ5RIMOPO O FMZ5BYIMHMZs60  FMbozsol  dorgds), olg
930 30M0 HOLZYOOL 25de0gMgdsls 9w9Hymdl bganl.

32



Lsgo®omggamls 99360gMgdsms g@magbrmo 3509000l @sslsgdols 85 ferolimsgolisedo dodmgbowo Lsghomsdmmole Lsdgsboghm 3mbggtgbaos
2076906030 93mbobBgogdol Aglffagurs s dyMowo 3sdmygghgds 3ewods@ol msbsdgpmhmag 33wowgdols 3o06HMdgddo”,
bAyg-ls 3000HmIgBgmMeEmaool 0BLG0GMG0, ©dowolo, bsdsGomggwm, 11 ©g3gddgmo, 2025 .
International Scientific Conference Dedicated to the 85th Anniversary of the Founding of the National Academy of Sciences of
Georgia "'Study and sustainable use of natural ecosystems in the conditions of modern climate change",
Institute of Hydrometeorology, GTU, Thilisi, Georgia, December 11, 2025

0. R535b0330¢m0UL Lisb. MdooLol Lsbgedfogm MboggdLoEgEol 3. bmwosl Lisb.

290580D030L 06LEOGHAEIO OE LEVOHMBdEM 35990530 5¢&TIMLBBIOHWEO
36m39L9d0L FmEYEP0®mxdoL 9JudgM0dgbE o Lsdwdsmgdol 5630050 gdoL

39ML39dE 03900

50005653300 5., dE05dg 0., Bobensdy 3.
M. Nodia Institute of Geophysics of the 1. Javakhishvili Thilisi State University, Georgia
avtandilamiranashvili@gmail.com

1353396dM LOEGHY3990: OO LOEVOWBM 35096, 9Ju3gH0TIBEHVIO IMEIOMYdS, SEHIMLBIOWYO
36c39L900.

®d0EoLOL 03569 X 935608300l LobgEmdol Lob. MboggMLo@gGHolL dob. braosl bsb. ygmaoBozol
0bLEGOGHMEGHOL MIMTMBOMZSFIMOL OO LOVOHVBE™ 359965 (Boberol 359960, 59OMBMEIOL  35396)
96035000, OGO bs0bgobMm Boggdmdss, AmBwomdo 36MY39IBG™M, BsIIBIdMWO  FsdMOBRYM
5040@9ddH e 96mds580, MHMIJoE ©93MMgdEs 3bMdoWwds sOJo@gdBHmMs 3. MEdsdgd. 3599M
0o600mo9bL 39O FH035MEO  30e0bEOL  3MbMLMMHO gmdom. 3589M0L IMEMEmdss 260 33, LsgMom
Lodomerg 17 3, 3owobtmwo dmbszzgmo 13 3 LoJsmErolss, OsdgGMo 4.6 3, bmwm mGo {OHomwo
gmOol  35996Msdo  globgwrgmo  mommgmeo 0.8 3 ©o0sdgGHMmOLss.  39599MH0L  Mo3Bg B0ToMmYOME0S
396030350 M0 doeo, O®MIEol Lodswwg 20 3 s 09GO 1 3-05. NGO 3MmBLEHOIE305 OB
00M0DBMES300L Bobowom, o3 B3 gdsl 0dwgzs 9Ju3gM0dgbEgdo BoGsMmEIl OMYMOmE HEIdOm,
31939 MYNBom $H9d3gM5EIMH5DY. m0093dE0 9Ju3WYSGSE05d0 T93005 1972 {ganb.

dobo ggmbJaombo®mgdol fargdol go6dsgermdsdo, LoGMdE® 359960530 BoEIMIIMWOs FMSZOEO
993960396G0, HEMIgoE S39380MJIM0S SEHIMBRIOWWO 3MM3EJLYdOL (bobwro, Fgds-drbowo, bg®yas,
LOMA0 @5  5.0.) FMEIWOMYPBLMID s 8T 3MIMEgLYdDY  odBHoeOo  Bgdmddggdol  IgomEIdol
0998539056056, GMIgms d909933s Hog 9900mbg93590 365dEH03Mwo godmygbgds 33mgs.

505550500, bbgoalbgs d0Bgbgdol godm, 368965 0d0W MY50dd0 3MFomdL. BoEs6M9dMEo Lsdwdsmgdols
239605, ©539g3doos  LEdMIszEM 330093900, 39MdME: LbZsILLIS  9gMHMEOLIgOLOMo  LolEgdgdol
d9L5gdbgs  sbowo  Fgomgdol  F9dmTogqdsls s 9OLYdIMO  FJOMPGOIOL Qo XMDIGIGOSLMSD
©5353000909w0; BmGHMJodomemo LBIMaoL [omdmddbols s 93mEMEool IMmEIWOMmGdLS s bbb
0MHdmerols  99nmEgdol  39999353905Lmb 939300690 0;  Lbgoolbgs  Ag@gmEMEMAOMHO S
390B0D03NO0  35653gEHMYdOL 39090mbg  BgmJdggdol  ImEYEomYOLMb 5353806093 E00;
3obobowgds 35369 oGIMLGRYOHME Mg gbgdby bgdmddggdol sbowo  FgomEgdol 9993sz90s
0MLgdMwo  JgoMmGIOL  QodRMOIGOS; FMELITO0  MOYI60DBIGIOLS s I3gbsMYgOOL  ©s33d MBMbOL
3ooo  3mb6396GHM30900LY0,  gargdBHOMMTogbod Mo  3ggdols S MBEOSEo0LYYL, T  TmEOL
M GHO500LRIO0 259MH039d0LY6 s 5.0.

396bogol  3GmEglidos 359960l obs 3MbI30gd0L s0EEbs BBy B  BHgI3gMsE DY
5GHIMbBIOMWO 3MM3EILYOOL LoIMEoMGOOLMZ0L TJuodsdolbo MsbsdgmMm3g Lsds303Mg S0FIOZ0WMdOL
2459my9gbgdom.

33


mailto:avtandilamiranashvili@gmail.com

Lsgo®omggamls 99360gMgdsms g@magbrmo 3509000l @sslsgdols 85 ferolimsgolisedo dodmgbowo Lsghomsdmmole Lsdgsboghm 3mbggtgbaos
2076906030 93mbobBgogdol Aglffagurs s dyMowo 3sdmygghgds 3ewods@ol msbsdgpmhmag 33wowgdols 3o06HMdgddo”,
bAyg-ls 3000HmIgBgmMeEmaool 0BLG0GMG0, ©dowolo, bsdsGomggwm, 11 ©g3gddgmo, 2025 .
International Scientific Conference Dedicated to the 85th Anniversary of the Founding of the National Academy of Sciences of
Georgia "'Study and sustainable use of natural ecosystems in the conditions of modern climate change",
Institute of Hydrometeorology, GTU, Thilisi, Georgia, December 11, 2025

Some Results of Investigation of the Effects of Heavy Precipitation on the Environment
in Some Regions of Georgia Using Ground-Level and Sattelite Measurements

“Beglarashvili N., " Elizbarashvili 1., Jamrishvili N., ™ Janelidze .,
" Megrelidze 1., " Pipia M., " Tavidashvili Kh.
“Institute of Hydrometeorology of Georgian Technical University, Tbilisi, Georgia
““Samtskhe-Javakheti State University, Akhaltsikhe, Georgia
““Mikheil Nodia Institute of Geophysics of lvane Javakhishvili Thilisi State University, Tbilisi, Georgia
*****:**Georgian Technical University, Thilisi, Georgia

National Environmental Agency, Thilisi, Georgia
beglarashvilinani@yahoo.com
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Heavy precipitation is known to have extremely negative impacts on the environment, causing floods,
landslides, mudflows, damage to vegetation, infrastructure, etc. Therefore, in many countries, including Georgia, the
study of precipitation patterns, their spatial and temporal distribution, and their forecasting have always received
special attention. Interest in this research has increased even further in recent decades due to global warming.

The paper provides a brief overview of recent studies examining the environmental impacts of heavy
precipitation in various regions of Georgia. These studies used both ground-based and satellite observation data.

Specifically, it notes that precipitation (over 100 mm per day) in Thilisi on August 29, 2023, led to flooding in
some areas of the city; heavy precipitation over several days led to a landslide with fatalities in Nergeeti (Imereti) on
February 7, 2024; heavy precipitation in the municipalities of Adigeni and Chokhatauri on July 21, 2025, caused
damage to residents of the villages of Gomaro and Shoka in Adigeni Municipality and contributed to a landslide in the
village of Zoti in Chokhatauri Municipality, which blocked the access road for eight families.

In the future, we plan to continue similar studies for other regions of Georgia.
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It is well known that global warming has significantly increased environmental risks almost everywhere,
including Azerbaijan and Georgia especially in recent decades, which have sound experience in climate research. In
2025, scientists from these neighboring countries, together with scientists from other countries, have decided combine
their efforts to more thoroughly study the regional impacts of climate change on various sectors of the national
economy, including human health.

In order to carry out research daily values of various meteorological parameters (air temperature and relative
humidity, wind speed, precipitation, cloudiness, etc.) database has been created for the cities of Baku and Thilisi from
2005 to 2024 - about 7305 measurements have been used from  open  source
[http://www.pogodaiklimat.ru/archive.php?id=ru&region=07], as well as half-hourly values of aviation-related
meteorological elements (air temperature and relative humidity, wind speed, visibility, etc.) database for the Heydar
Aliyev (Baku) and Shota Rustaveli (Tbilisi) international airports from 2015 to 2024 — more than 166700
measurements: [https://rp5.ru/Weather_archive_in_Baku,_Heydar_Aliyev_(airport) and
https://rp5.ru/Weather_archive_in_Thbilisi_(airport), METAR].

Especially, detailed statistical analysis of average daily, maximum and minimum air temperatures in Baku and
Thilisi from 2005 to 2024, as well as their variability in 2020-2024 compared to 2005-2009, showed significant
impact of rapid climate warming over the past two decades resulted in the increase of air temperature characteristics in
both cities, as well as increased thermal risks to public health.

Conducted analysis of the Angstrom Fire Index (a combination of daily maximum temperature and minimum
relative humidity) showed that, on average, from 2005 to 2025 overall the danger level of forest fire in Thilisi is
higher than in Baku.

The conducted study of wind conditions at the Heydar Aliyev Baku and Shota Rustaveli Thilisi international
airports in 2015-2024 revealed, that number of gusty wind in Baku is significantly more than in Thilisi (1225 cases
per year and 753 cases respectively).

It is planned to continue joint research both in terms of climate change and in terms of assessing
environmental risks in future, including those to public health, associated with air temperature and various thermal
indices in individual seasons and months of the year.
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Risks of Abandoned Mines and key Approaches to Environmental Management

“Matiashvili S., "~ Chankcseliani Z.
“M. Nodia Institute of Geophysics of the 1. Javakhishvili Thilisi State University, Thilisi, Georgia
“Soil Fertility Research Service of LEPL Agricultural Scientific Research Center, Thilisi, Georgia
e-mail: matiashvilisophiko@gmail.com

Keywords: Abandoned mines; environmental rehabilitation; safety; ecology

Abandoned mines pose significant environmental and public safety challenges, with risks of structural
collapse, toxic emissions, water and soil contamination, and ecosystem degradation. This study reviews key
management considerations for abandoned mining sites, including safety, environmental rehabilitation practices, and
methods to reduce hazardous resource impacts. Safety measures include shaft closures, entrance sealing, and access
control to reduce the likelihood of accidents and unauthorized access. Environmental management considerations
emphasize the need to treat contaminated water, restore soil and habitats, and safely manage mining waste. The study
also examines resource reuse opportunities and technological approaches that ensure sustainable and low-impact
mining practices. The presented analysis highlights the importance of an integrated, multidisciplinary approach to the
safe and long-term management of abandoned mines, which is critical for ensuring both environmental protection and
the well-being of local communities.

The threats posed by abandoned mines require a systematic, integrated and science-based approach to reduce
both environmental and social and technical risks. The analysis shows that to ensure safety, it is necessary to stabilize
structures, control access and inform the population. At the same time, the treatment of contaminated waters, the
restoration of land and ecosystems, as well as the proper management of mining waste, play an important role in
solving environmental problems. Technological progress creates the opportunity to extract the remaining resources in
old mines with minimal impact, adhering to the principles of sustainable mining practices. Ultimately, the
management of abandoned mining areas is not only an environmental issue, but also an economic and social
challenge, the solution of which requires the cooperation of state structures, science and local communities. Only a
multidisciplinary and coordinated approach will ensure the transformation of abandoned mines into safe, stable, and
environmentally sound spaces.
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Georgia's Black Sea coastal zone pollution
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The coastal zone of Georgia is of great strategic importance from a political and economic perspective, as it is

a transport corridor and has the potential to increase the construction of strategic facilities.

The density of population settlement has sharply reduced the ecosystem of the Black Sea coast, especially on
the Adjara coastline, which is an important component of Georgia's heritage. Human activity exerts great pressure on
the living organisms present in it. Artificial regulation of rivers, uncontrolled extraction of resources, their pollution
with various wastes and other natural and anthropogenic factors have had a negative impact on the state of the coastal
environment of Georgia. The risk of pollution of small rivers has increased, which is caused by the negligence of the
population as well as the presence of abandoned chemical plants or oil pollution centers. Today, these rivers flow into
the Black Sea and pose a threat to biodiversity. It is necessary to introduce methods for the protection and
management of coastal resources and landscapes, monitor polluted areas, which will increase the preservation of the
coastline, living organisms, and the health safety of the population and vacationers, which will contribute to the

acceleration of the country's sustainable development.
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Threats of drinking watersupplies and recreational water bodies’ pollution
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The water, consumed by modern society, contains thousands of different types of pollutants. The body does
not care what substances, even in the smallest quantities, get into it with water. All of them together participate in
biochemical reactions, distort the latter, fill the cells and intercellular spaces with slags, which over time leads to
damage to the genetic apparatus of cells. These pollutants do not appear at the stage of water preparation, that is why
today, 1 billion 200 million people around the world suffer from a shortage of safe drinking water. According to data
published by the World Health Organization, every year 5 million people, mainly children (more than 50%) die from
diseases caused by drinking water.

So, drinking water is understood as water whose consumption that does not cause negative changes in the
health of the population. At the international level, attention to this problem is growing year by year. The constitutions
of practically all UN member states, including Georgia, provide for the human right to favorable environmental
conditions, especially the provision of safe drinking water to the population.

Water consumption is not uniform throughout the day and night, what has settled during the night will be
released from our taps in the morning. The more frequent the so-called schedule or irregular supply of water, the
dirtier it becomes. Imagine a pipe that is filled with water for 6-12 hours a day, and the rest of the time is empty. Due
to the negative pressure in this pipe, a “vacuum cleaner” effect is created, which absorbs everything that comes into its
horizon from groundwater or other types of water. Therefore, in addition to pesticides and toxic chemicals, we often
get heavy metals, sand, dissolved clay particles, and countless strains of various bacteria from our taps.

Even with the highest quality purification, including biological, all dissolved inorganic and 10% of organic
pollutants remain in the purified water. Of course, the use of such water for drinking is practically tantamount to self-
sacrifice. Therefore, humanity will have to change its water consumption strategies. Despite the high potential of fresh
water supplies in any part of the world it can be reduced due to irrational use of water and its pollution.

It is known that pollution of freshwater bodies (lakes, reservoirs) with natural or anthropogenic loads changes
the physical and chemical characteristics of water due to the so-called "eutrophication” (an increase in water
temperature and turbidity leads to a deterioration in the color, odor and taste of water). The eutrophication stage is
associated with high concentrations of algae biomass or chlorophyll. As a result of these phenomena, floating
substances are formed on the water surface, the bottom of the reservoir is covered with uncharacteristic layers of
sediment. Increased concentrations of inorganic, organic and toxic substances lead to a decrease in oxygen content.
The latter changes the active reaction of the environment, as well as the composition of bacteriological indicators. As
a result, bacteria that spread infection are formed. Such reservoirs, not only as a source of drinking water, but also for
swimming, irrigation and fishing purposes, become useless, if not dangerous. It is also worth noting that, according to
the World Health Organization, 80% of the population's diseases are transmitted primarily through drinking water.
The main goal of the presented report is to ensure sustainable and equitable access to clean, safe water, in particular to
meet the basic needs of the most vulnerable groups of the population.
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Using Structured Data in Disaster Risk Reduction in Georgia
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The location and orographic conditions of Georgia lead to the formation of a variety of climatic and landscape
types. These factors are favorable for formation of natural hydrometeorological phenomena of different intensity and
frequency. The risks arising from these events have a great impact on the country sustainable development. The
urgency of the emerging problem gives an impetus to the study of natural hazards. 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 needs the processing of long-term observation
series of climatic parameters. The purpose of the presented research is to study the spatial-temporal regularities of
basic climatic parameters in Georgia: temperature, wind and precipitation using hydrometeorological observation
network and satellite structured 1961-2024 period data. The study of natural hazards using satellite data has become
very appropriate, which allows for a detailed study of the natural factors causing above mentioned events. The study
period was divided into two phases 1960-1990 and 1991-2024, to compare parameters spatial-temporal variability and
reveal their growth/decrease tendency. The following characterizing parameters were evaluated: temperature,
precipitation and number of strong windy days. The following statistical parameters and climatic indices were
calculated: standard deviation, mean absolute error, temperature extremes, extreme precipitation day number,
repeatability of strong windy days. Between two 30-year periods, the average annual temperature has been increased
almost everywhere, up to 1 degree; the average increase is 0,5°C. It has been established that for second period there is
a significant increase in the average max air temperature from 0,3°C to 1,2°C. The precipitation regime changes are
unstable in time and are spatially heterogeneous, although they are characterized by some regularity. In particular, the
annual rainfall in western Georgia is mainly increased, while in some eastern regions — decreased. The average wind
speed change trends seem to be decreased, however maximal velocities are increased. The results may be used in early
warning systems.
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