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The Georgian Glaciers database integrates historical records from the Catalogue of Glaciers of the Former Soviet Union (hereinafter referred to as the
Catalogue), topographic maps from the 1960s, and satellite remote sensing (SRS) imagery acquired in 2010 (SRS-1), 2015 (SRS-2), and 2020 (SRS-3).
These datasets include imagery from Landsat 5, 7, and 8 satellites (15-30 m resolution) and the commercial Azercosmos satellite SPOT 6 (1-1.5 m
resolution). All data are archived at the Institute of Hydrometeorology, Georgian Technical University.
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the glacial basins of Georgia G. Tvauri, ISSN - 0132 I 1447 57-63 Academy of

G. Guliashvili, http://science.org.ge/bnas/vol-19-1.html Sciences

S. Beridze

Degradation of glaciers under climate change conditions poses a significant threat to the sustainable development of humanity, and the study of their
melting is considered one of the priority research problems. High-resolution satellite remote sensing (SRS) is used to obtain a scientifically based
answer regarding glacier degradation due to climate change (CC). SRS allows the study of glaciers in large regions with the appropriate spatial and
temporal resolution and the necessary details and accuracy. All of the above factors enable us to conduct a quantitative assessment of the retreat of large
glaciers and determine the dynamics of the degradation of glacial basins in Georgia. It has been established that the degradation of glaciers in Georgia
occurs much faster in the east than in the west, since the climate of eastern Georgia is mainly dry and continental, and western Georgia is mostly
subtropical and humid. This determined that glacier studies are conducted separately for the eastern and western parts of the country. It was found that
glaciers’ melting is nonlinear and accelerated over time. This study aims to define the probable dates of the complete melting of glacial basins under the
influence of the modern CC. The glacial basins' complete melting dates, for the glacial basins where large glaciers are observed are already determined
in previous studies by authors. The glacial basins' complete melting dates, for the glacial basins where large glaciers are not monitored are determined
based on changes in glacial basins using the developed regression equations. The studies of the complete melting of glacial basins are carried out under
the conditions of the selected CC worst scenario.
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High-resolution satellite remote sensing (SRS) is used to study glaciers with necessary accuracy and detail. For effective studies of glaciers, data
obtained from Landsat satellites (resolution 15-30 m) for the period up to 2015 and recent data from 2020 — of the SPOT satellite (resolution 1-1.5 m)
and several satellite data archives are used. Quantitative characteristics of large glacier retreats are determined to study the negative impact of climate
change on glaciers in detail. Data quality control/quality assessment (QA/QC) is carried out to ensure reliable outputs, using ground-based observations
(GBO) data sets. Glacier retreat regression equations are utilised to determine the likely dates of large glaciers' full melting and the total melting of
glacial basins under the worst scenario of current climate change.
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The results of the comparison of satellite remote sensing (SRS) data and ground-based observation (GBO) information on the large glaciers (Adishi, Shkhara
and Gergeti) of Georgia are presented. From each satellite image, the location of the tip of the glacier's tongue was determined, a chronological order of the
data was made, and the average rate of glacier retreat was calculated. Using SRS, the dynamics of the retreat of glaciers are studied based on the
determination of individual places of movement of the tip of the glacier tongue. The dynamics of some large glaciers retreat based on the GBO data of the
National Hydrometeorological Service (NEA) of Georgia is presented and is additionally used for quality assessment and quality control (QA/QC) of the
results. The analyses show that based on SRS and GBO data the retreats of studied glaciers are nonlinear and by high confidence can be presented by a
parabola curve. The comparison of SRS and GBO data shows that they are in good agreement with each other.
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The problem of changing the cryosphere is a priority for IPCC research. The UN adopted a special resolution on high mountain regions, in which the
problem of the impact of climate change on glaciers and the risks associated with their degradation is assigned one of the main roles. Since the
beginning of the 21st century, research on glaciers in Georgia has become increasingly important. On the ridge of the Greater Caucasus, (Georgian side)
there are well-developed, rather high glaciers (the maximal elevations are up 5 200 m). In Georgia, due to the degradation of glaciers under the impact
of climate change, a change in the water balance and degradation of landscapes and the growth of the natural disasters’ frequency and intensity of
glacial origin have a place. The latter has resulted in material and human losses due to the retreat of large glaciers. Therefore, the impact of climate
change on large glaciers is the subject of great interest. The paper presents the research outputs of the degradation of the Skhara glacier of the river
Enguri glacial basin, one of the strongest glacial basins of Georgia. The degradation of the Shkhara glacier was studied with the application of satellite
remote sensing data. This method allows us to study glacier degradation with appropriate resolution and accuracy in conditions of limited resources

and time.
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Modern glaciation is unevenly distributed over different regions of the Earth. Glaciers in Georgia (South Caucasus) are located on the Greater Caucasus
Range, concentrated in the basins of the Inguri, Rioni, Kodori, Tergi and some other rivers. The impact of current climate change on glacier
degradation is most visible in changes in the characteristics of glacial basins and the retreat of large glaciers. The only way to scientifically study the
impact of modern climate change on glaciers is to use high-resolution satellite remote sensing, since this technology allows you to simultaneously study
the state of glaciers over a large area with the necessary resolution and accuracy, in conditions of limited material resources and time. The authors
address these issues together with satellite data, based on an integrated application of historical glacier data (former Soviet Union Glacier Catalogue),
existing field material and expert knowledge. The degradation of glacial river basins and the dynamics of the retreat of large glaciers over 50 years are
presented separately in Western and Eastern Georgia, taking into account the large difference in the climate of these regions. Using glacier regression
equations under the current climate change based on the worst-case scenario, the so-called "business as usual" (BaU), the probable dates for the
complete melting of four glaciers are determined.
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The retreat of large glaciers is an excellent indicator of climate change. At the same time, the study of the retreat of large glaciers is necessary to
characterize the degradation of the glaciological basin. An effective solution to this problem is possible only by using high-resolution Earth satellites
because these effective remote sensing tools can dynamically record the retreat of large glaciers. From the second half of the 20 st century the large
glaciers are retreating and this process is accelerating due to the non-linearity of modern climate change. The objective of the article is analytically
describe the dependence of large glaciers retreats on time. Under certain assumptions, it allows us to determine the approximate date of the complete
melting of large glaciers. The retreat dynamics of the r. Enguri Basin large glacier North Liadeshti and the r. Rioni Basins’ large glacier Kirtisho
(Georgia) is discussed and the analytical characteristics of their retreat are determined. Based on the Bussiness as Usual scenario of climate change full
melting dates of the glacial basins of rivers Enguri and Rioni (Georgia) are investigated. Using the results of previous studies of the other large glaciers
of r. Enguri and r. Rioni glacial basins expected time of full melting of mentioned glacial basins can be determined.
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The degradation of glaciers is one of the most obvious signals of climate change in the current period of Earth's history. Modern glaciation is unevenly
distributed between different regions of the Earth and some river basins. Glaciers in Georgia are spread over the Great Caucasus Range, concentrated in
the basins of the Enguri, Rion, Kodori, Tergi and other rivers, where there are mountain peaks of 3500 m and higher. The study of the melting of
glaciers due to the ongoing climate change is extremely important to clarify natural events of a glacial nature, to ensure the rise of the sea level and the
safety of the population living in the coastal zone, to determine the change in glacial water runoff and to assess the risks related to the melting of
glaciers in general, to develop adaptation strategies and mitigation measures to the melting of glaciers. In the article, the glaciers of the Autonomous
Republic of Abkhazia (hereafter “Abkhazia”) and their characteristics are studied. High-resolution satellite remote sensing (SRS) is the only way to
study the current state of glaciers in the Autonomous Republic of Abkhazia, because on the one hand, there is no local glaciology school, and on the
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other hand, the current political situation does not allow conducting expeditions and studying glaciers in field conditions. The objective of the article is
to study the morphology and exposure of these glaciers and snowfields based on the data from the catalogue of the former USSR (hereafter “catalogue”)
which is called initial data and is obtained from more than one century of observations and is issued between 1960 -1975 and satellite data, at several
time points, namely 2010 and 2015 that are derived from high-resolution (30 m) LANDSAT satellite data, and the latest 2020 data are processed from
satellite MODIS (1.5 m resolution). Complexly using the best international practices, processed SRS data and several SRS databases, historical data and
expert knowledge define the reliability of received data. It should be noted that the authors had to overcome several difficulties and ambiguities in the
data to discuss the problem relevantly.
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The article discusses the dynamics of degradation of the glacial basins of the Autonomous Republic of Abkhazia. Glaciers are presented in large
numbers in the territory of Abkhazia. Due to ongoing climate changes, the research and monitoring of glaciers are of particular importance, since
changes in the size of glaciers are one of the best natural indicators of climatic conditions. Changes in glaciers in mountainous areas lead to changes in
landscapes, the formation of new lakes and sea level rise issues of the Black Sea coastline and the activation of destructive natural phenomena. Up-to-
date data on the state of glacial systems are needed to reduce risks and adapt to the consequences of ongoing changes. Due to the absence of local
glaciologists in Abkhazia and taking into account the current political situation, studying the current state of glaciers in the Autonomous Republic of
Abkhazia is possible only through high-resolution satellite remote sensing (SRS). This determines the article’s special relevance, value, and importance
in the current climate change background. Based on the integrated survey, the glacial basins’ characteristics (glaciers number, area) are given at the
initial (at the time of issuing of the former Soviet Union catalogue in 1975 based on materials from the 1960s) and three moments of observation (2010,
2015 and 2020). These characteristics of the glaciers at the second, third and final moments are determined using SRS. The technological-
methodological approaches of the research proved to be effective for the study of glaciers based on innovative SRS as the best practices are used
together with the methods developed by the authors. A comparison of these conditions showed that climate change speed is non-linear, making glacial
basin degradation more intense in the following periods than in the previous one. This conclusion also proves the main thesis of the IPCC 6th report
that the main problem is not climate change, but its speed.
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East Georgia Glacial Basing George Kordzakhia, | Bulletin of the Georgian National Academy of Vol. 16, GEORGIAN 2022

Degragation Dynamics Under Larisa Shengelia, Sciences. IF no. 1, NATIONAL

the Impact of Current Climate Genadi Tvauri, ISSN 0132-1447 32-38 ACADEMY OF

Change Murman Dzadzamia | http://science.org.ge/bnas/vol-16-1.html SCIENCES, Thilisi,
Georgia

Modern glaciation is unevenly distributed between different regions of the Earth. Glaciers in Georgia are spread on the ridge of the Greater Caucasus
concentrated in the Enguri, Rioni, Kodori, Tergi and some other rivers basins. The impact of current climate change on the glaciers degradation is most

visible in the changes of the glacial basins characteristics. The only way to scientifically study the effects of current climate change on glaciers is to use
high-resolution satellite remote sensing, as this technology allows simultaneously studying the state of glaciers over a large area with the required
resolution and accuracy, with limited material resources and restricted time. The authors address these issues along with SRS data using complex,
integrated applications of historical data on glaciers (glacier catalogue), existing fieldworks, and expert knowledge. The East Georgia rivers glacial basins
degradation dynamics was researched to study the current climate change impact on the glaciers by making a comparison of the characteristics of glaciers
(area and number) at least for three-time moments. A comparison of these conditions showed that the area and number of glaciers are greatly decreasing due
to climate change. The glaciers degradation is nonlinear, which makes the melting of glaciers in the second period more intense than in the first one. This
result fully reflects the main thesis of the Sixth Report of the Intergovernmental Panel on Climate Change that Climate change is not as troubling as its
speed. The issues of Georgian glacier degradation due to the current climate change were discussed at various high-level forums. For the latest time, it
is worth noting that at the end of 2021, at the Glasgow Climate Change Conference (COP 26) the Georgian delegation has a brief report on the
dynamics of glacial degradation in East Georgia due to climate change. The main results of glaciers degradation due to the climate change impact was
included in the Fourth National Communication of Georgia to the UN Framework Convention on Climate Change.
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Glaciers of the Rioni River Basin | Larisa Shengelia, ISSN 1338-5259 Issue, Slovac
(Georgia) Genadi Tvauri, DOI: 10.2478/ahr-2021-0006 27-30 Universitas

Murman Dzadzamia | https:/jahr.sk/uploads/10.2478_ahr-2021-0006.pdf Agriculturae,

Nitra, Slovakia
Since the beginning of the 21st century, studies of glaciers in Georgia have become more important, because the degradation of glaciers causes an
increase in the intensity and frequency of natural disasters of a glacial and hydrological nature, an increase in water levels in the Black Sea, and a
changes in river water regime. Studying the current state of the ice sheet in Georgia is an important national economic task, and to obtain a
scientifically sound answer on modern conditions of the glaciers, due to the impact of current climate change is an urgent task. To solve this task, high-
resolution satellite remote sensing (SRS) is used. The r. Rioni basin (West Georgia) is one of the most important glacier basins in Georgia, where the
powerful glaciers are spread and their change is of great interest. In this work there are presented the results of the study of r. Rioni glasiers
degradation due to the influence of current climate change including the expected time of their full melting.
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XAPAKTEPU3YIOIIME I'. Kopazaxmus, C6opHUK cTaTei 1Mo M’i.TepI/IaJIaM MexxgyHapoguoit | 201-211 nm. A.U.
TETPATATIHIO JIETHIUKOB I''A. Traypu Hay4YHO-TIpaKTH4Yeckoi koHpepenmuu LXXIV l'epuena, CanKT-
IPY3UN I'eprenoBckue yrenus, Cankr-Ilerep6ypr, PI'TIY [Tetepbypr,

um. AWM. Tepriena, 21-23anpens 2021roxa. Poccus

ISBN 978-5-8064-3044-2 (1 Tom)

https://www.elibrary.ru/item.asp?id=46330298
Jerpaganus sregHUKOB 3pGEKTUBHBIH MHIUKATOP TEKYILIEro M3MeHEeHHI KJIMMaTa. ABTOpPBI, OCHOBBIBASICH HA TOM U NPEABIAYIIUX HCCIEIOBAHUAX,
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32 Degradation of glaciers of basin G. Kordzakhia, Reducing the risk of negative climate change PP. 35 Slovac 2021
of the river Pirikiti Alazani L. Shengelia, impacts in the landscape, ENVIRO 2021, 25th Universitas
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Nitra, Slovakia

In the article, the dynamics of degradation of the river Pirikiti Alazani glacial basin glaciers is discussed on the background of the current

climate change. Based on the integrated survey, the state of the glaciers in this basin at the initial (at the time of issuing of the catalogue -
1964), medium (2006) and final (2020) time points are given. The characteristics of the glaciers (number, area) at the medium and final
moments are determined using high-resolution satellites. A comparison of these conditions showed that climate change is non-linear,
making glacier degradation more intense in the second period than in the first one. If the number of glaciers has shrunk by 28.6% in the
first 50 years of the 60 years, correspondingly this reduction is 70% over the last decade. If during the first period the area covered by

glaciers decreased by 56%, in the second period it decreased by 75.7%. This can be explained by two factors: first, that climate change

development has non-linear character and second, that climate change impacts on smaller glaciers are more intense.
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Current climate change has a very negative impact on the cryosphere, in particular on the glaciers. This has dire consequences for the world, in
particular, the landscape changes, glacial runoff decreases, the frequency and magnitude of natural glacial events increases. To characterize the impact
of current climate change on glaciers, one of the effective approaches is to study the dynamics of change (decrease) of the glacial basins. This is possible
by comparing information (data about glaciers areas) available in the past with information determined at present. For this study, as the initial data, we
use the data available from the catalogue. For characterizing the dynamics of degradation of glacial basins of rivers Assa and Arguni earlier, we have
conducted works using satellite data processing and determined the condition and characteristics of Georgian glaciers for 2006-2015 (medium
condition). For data accuracy (QA/QC) in mentioned researches along with satellite remote sensing (SRS) information, historical data and expert
knowledge were used. For having the final condition characterizing along with the initial and medium condition the dynamics of glaciers we added
new data from 2020 (final data) using Landsat 8 satellite images. A comparison of these conditions showed that climate change speed is non-linear,
making glacier degradation more intense in the second period than in the first one.
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River Terek Glacial Basin Kordzakhia G., International Scientific Conference ,,Natural PP. 202-205|TSU, Thilisi, 2021
Degradation Dynamics on the Shengelia L., Disasters in the 21st Century: Monitoring, Georgia

Background of Current Climate | Tvauri G., Prevention, Mitigation®, December 20-22, 2021,

Change Dzadzamia M. Proceedings.

ISBN 978- 9941-491-52-8
http://openlibrary.ge/bitstream/123456789/9535/1/
51_Conf_ND_2021.pdf

In Georgia, on the ridge of the Greater Caucasus, there are well-developed, rather high glaciers. The study of glaciers has gained more importance since
the second half of the twentieth century due to the negative impact of current climate change, which has led to significant and rapid degradation of
glaciers, exacerbating natural disasters of glacial origin. Due to the degradation of glaciers in the country, a change in the water balance and
degradation of landscapes, an increase in the level of the Black Sea, and the growth of the natural disasters frequency and intensity of glacial origin are
having a place. This poses a serious threat to the sustainable development of the country and, therefore, the study of glaciers has become a priority in
the research program of Georgia. Using satellite remote sensing, GIS technologies, glacial catalogue, field ground observations and expert knowledge,
the negative impact of modern climate change was revealed and, as a consequence, the dynamics of degradation of glaciers in the glacial basins of East
Georgia was studied in detail. In this article, the dynamics of the degradation of glaciers in the glacial basins of River Terek is overviewed. For this
purpose, a comparison is made of the state of glaciers (area and number) for three time periods. The initial state is taken to be the state of glaciers in this
basin at the time of the finish of the glaciers researches (1960). The data gathered were published in several editions of the glacier catalogue.
Subsequent states - middle (2015) and final (2020) are determined using high-resolution satellites. Technological and methodological research proved to
be effective for studying the dynamics of glacier degradation based on innovative high-resolution satellite remote sensing since the best practices were
used in conjunction with the methods developed by the authors. A comparison of these conditions showed that the area and number of glaciers are
greatly decreasing due to climate change. It should be noted that the dynamics of glacier degradation is nonlinear, which makes the melting of glaciers
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in the second period more intense than in the first. This conclusion also confirms one of the main theses of the 6th IPCC report that the main problem

is not climate change, but its speed.
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npezxllcraBierHoit paboTe, feTaNBHO U3yYeHA Jerpajaliys TeAHUKOB 6acceiiHa peku VIHTypu BCIeACTBYE BIUAHUSA TEKYIIETO N3MEHeHHs KINMaTa.
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38 |Current Climate Change Impact | George Kordzakhia, | BULLETIN OF THE GEORGIAN NATIONAL Vol. 14, | GEORGIAN 2020
on the Mtkvari (Kura) River Basin | Larisa Shengelia, ACADEMY OF SCIENCES. IF Nel, 83-89 | NATIONAL
Glaciers Degradation Genadi Tvauri, ISSN 0132-1447 ACADEMY OF
Murman Dzadzamia | http://science.org.ge/bnas/vol-14-1.html SCIENCES.
Thilisi, Georgia

From the beginning of the 21st century, glaciers studies are more important in Georgia. This is mainly provided with the degradation of the glaciers
under current climate change that preconditions several catastrophic events: sea-level rise, worsening of glacial origin natural disasters risks and
catastrophic phenomena, water balance changes etc. Impact of current climate change on the glaciers and their rapid degradation is studied
determining the changes of the characteristics of the glaciated basins (number of glaciers and area), the melting statistics of small glaciers (area in the
range of 0.1 to 0.5 km?2 ) and the retreat of large glaciers (area > 2 km?2 ) that are effective indicators of the regional climate change. In order to provide
a scientifically based answer to the problem of glaciers melting under the impact of current climate change, it is necessary to use high-resolution
satellite remote sensing (SRS), because it makes possible to study simultaneously glaciers for large regions with the necessary resolution and accuracy
within limited resources and time. This is achieved based on the complex use of historical data, glacier schemes from the catalogue, existing fieldwork
materials and the application of expert knowledge. In presented work, r. Mtkvari basin glaciers degradation due to the impact of the current climate
change is studied. Changes in the glacier basins and melting statistics are researched. This is preconditioned by the fact that r. Mtkvari basin is the most

important river basin of eastern Georgia and such detailed study has not actually been carried out for any river basin in Georgia.
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The Climate Change impacton G. I. Kordzakhia, ‘Word Science. Ne 4 (44), | Publisher— RS 2019
40 the Glaciers of Georgia L. D. Shengelia, ISSN 2413-1032 vol. 1, pp. | Global Sp. z O.0O,
G. A. Tvauri, DOI: 29-32 Scientific
M. Sh. Dzadzamia  |https://doi.org/10.31435/rsglobal_ws/30042019/6467 Educational
https://www.researchgate.net/publication/340623606 Center Warsaw,
_THE_CLIMATE_CHANGE_IMPACT_ON_THE_G Poland
LACIERS_OF_GEORGIA
The article reviews the changes of the glacier basins characteristics of Georgia glaciers due to the current climate change. Calculations show significant
decrease of the area and number of the glaciers in Georgia over the last 50 years. This reduction is more intensive in eastern Georgia in comparison
with the western part of the country. At the same time, some large glaciers complete melting dates are determined according to one of the basic
scenarios of current climate change, namely the business as usual. Based on the calculations it is concluded that viewed large glaciers complete melting
is not expected within this century even in this worst conditions scenario.
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43 BJIMAHWE TEKYIIETO JI.J. enrenus, »l eorpadusa:pasBuTHe HayKH U 0Opa3oBaHuL” 1 Tom, WUsn-so PTTIY 2019
VM3MEHEHUWA KIIMMATA HA | I'W. Kopazaxus, KonnexruBHas MoHOrpadus o MaTepHazaMm 218-226 | um. AW
BOJIBIIME JIEJHWKN I'.A. TBaypu, Bcepoccuiickoi, ¢ MeXTyHapOJHBIM y4acCTHEM, lepuena, CaukT-

I'PYy3UHN M. III. [3ap3amus Hay4YHO-TpaKTuyeckoi koHpepermuu LXXII [Tetepbypr,
l'epuenosckue urenus 18-21 anpena 2019roza. Poccus
https://www.spsl.nsc.ru/FullText/konfe/GR1-
2019.pdf

JlemHVKY ABJIAIOTCA BaXKHBIM IIPUPOIHBIM PECYPCOM, TaK KaK, OHU COZEpKaT O0JIbLIOe KOJIMYECTBO IIPECHOI BOABIL. Y CTAHOBJIEHO, YTO IIOJ, BIUSHUEM
TeKyIero M3MeHeHMs KJIMMara IIPOMCXOAMT YCKOpeHHas Jerpaganus aefHUKOB. CIYTHHKOBOe IUCTAaHIMOHHOE 30HAMPOBAaHME C BBICOKHM
paspelieHueM HCIIOIb3yeTCs [JI IIPOBeJileHUA HayYHO OOOCHOBAHHBIX MCCIIEOBAHUIM C I[eJIbIO BBIABIEHUS TEKYILETO BO3LEHCTBUA N3MEHEHNS KIMMaTa
Ha COCTOSIHYE KPYIIHBIX JIESHUKOB B I'py3un. DTO II03BOJIIET B YCIOBUAX OTPAHUYIEHHBIX PECYPCOB U BpeMEeHH OLHOBpeMeHHO rccaesollBaTs efHUKY C
HY>KHOH JleTajn3aliiell ¥ TOYHOCTHIO. B paboTe yCcTaHOBIEHO, YTO OTCTyILIeHUe Goblux egHUKOB 'eprerckoro (Bocrounas I'pysmsa) m Agumckoro
(3amaguas ['pysus) HOCUT HeIMHEHHBIN XapaKTep M JTOT IIpOIiecc IporekaeT Oosee akTUBHO B Bocrouwoit I'pysun, yem B ee 3amagmoii wactu. Ilo
OJJHOMY M3 CIleHapHeB M3MeHeHNA KJIMMaTa OIpe ieIeHbl IIpeIIogaraeMble JaThl UX ITOJHOTO TasSHUA.
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IHA poxzenus Braguvmupa MBanoBuua

Bepnazcxkoro.

https://lib.herzen.spb.ru/marc/get.php?DbVal=323

91&file=contents 2074837
IToryueHHbIe pe3y IbTaThHI OTPAXKAIOT BIUAHNE M3MEHEHUA COBPEMEHHOTO KIMMaTa Ha COCTOSHME MaJbIX JeJHUKOB ['pysun. CremaHsl BEIBOJBI, YTO BCE
MaJble JIeJHUKN YMEHBUIAIOTCS UK ITOTHOCTBIO MCYe3aI0T M OTOT IIPOIeCC TasHUA JIeTHUKOB IIPOUCXOAUT Gostee akTuBHO B Bollcrounoit I'pysuu, yem B
ee 3amagHoi yactu. KioueBsle c10Ba: Masible JIeTHUKY ' py3un, n3MeHeHNe KINMaTa, JUCTaHIIMOHHOe 30HupoBanue 3emiau (/133).
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49 Impact of Modern Climate G. Kordzakhia, Bulletin of the Georgian National Academy of Vol. 10, Georgian 2016
Change on Glaciers in East L. Shengelia, Sciences. IF Ne4, National
Georgia G. Tvauri, ISSN — 0132 — 1447 56-63 Academy of
M. Dzadzamia http://science.org.ge/bnas/vol-10-4.html Sciences
Based on the satellite Earth observations and GIS technologies the changes in the glaciers of East Georgia under the influence of regional climate change
are considered. It should be noted that in the past the glacier parameters (area, length and volume) increased. It was defined that during the second half
of the last century the Georgian glaciers were steadily diminishing due to the impact of global warming. M. Sylvén, et al. stated that the glaciers total arez
in Georgia decreased by 36% and their volume by 48%. This process is still underway and very likely will continue in the future. In the past glaciers
researches were carried out mainly basing on terrestrial observations characterized by significant shortcomings: high expenses, data irregularity both in
terms of space and time. Satellite Earth observation is practically free of these limitations. The impact of modern regional climate change on small glacier
melting and large glaciers retreat is researched. It is determined that over the past 40 years, approximately 70% of small glaciers of East Georgia
completely or partially melted under the impact of regional climate change. Significant increase of the rate of large glaciers retreat is noted, especially for
the last 15 years. Last result obviously indicates degradation of glaciers under the accelerated impact of regional climate change.
50 Research Into Glaciers Variation |G. Kordzakhia, Proceedings of the Fourth Plenary Conference PP. Printed in 2016

Dynamics in East Georgia Under |L. Shengelia, and Field Trips of UNESCO-IUGS-IGCP 610 96-100 Georgia,
the Impact of Modern Climate | G. Tvauri, project ,From the Caspian to Mediterranean: Georgian
Change M. Dzadzamia Environmental Change and Human Response National

during the Quaternary“ (2013-2017), 2-9 October, Academy of

2016. Sciences, Tbilisi

ISSN 978-9941-0-9178-0

https://www.caucasus-mt.net/research-into-

glacier-variatio.html
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The glaciers of East Georgia have been intensively melting under the impact of regional climate change. Medium glaciers are becoming small glaciers
small glaciers are turning into snowfields or completely vanishing, and the large glaciers are degrading and retreating. At least 70% of identified smal
glaciers in East Georgia are now snowfields or fully melted. Analysis of large glaciers shows that the rate of their retreat has increased. The analysis ang
comparison of retreat rates between the second and first periods show that the glacial retreat rate has increased significantly. We conclude that during
the last 15 years, retreat has increased substantially when compared to the first period. This research reveals the acceleration of regional climate change.
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52 Application of Remote Sensing | G. Kordzakhia, 4th International Geography Symposium - PP.563- | Kemer-Antalya, | 2016
and GIS Technologies for the L. Shengelia, GEOMED 2016 Book of Proceedings, 23-26 May, 572 Turkey
Inventory of Small Glaciers in G. Tvauri, 2016, Kemer-Antalya, Turkey.
Eastern Georgia M. Dzadzamia ISBN 978-605-66576-1-0
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Satellite Earth observations (EO) are important tool for application of remote sensing technologies to various environmental issues and glaciology in
particular. Glaciers play an important role in formation of the climate at regional and global scales. Glaciers variations are clear indicator of the
anticipated climate change. Satellite EO are significant for determination of glaciers characteristics. In past researches the terrestrial observations were
used. Corresponding field works were difficult to organize that resulted in data irregularity both in terms of space and time resolution as well as in data
uncertainities. Satellite EO is more or less free of these limitations. Satellite remote sensing give possibility to research not only the main glaciers
located in the region but satellite EO is successful tool to study small glaciers as well. In the article the small glaciers main characteristics: length, area,
minimum and maximum elevation, firn line elevation, ablation and accumulation areas are determined using the satellite EO processing based on GIS
technologies. Therefore the necessity for quality assessment/quality control (QA/QC) remains. Based on several researches it is established that the best
technology for detailed and precise study of small glaciers is the satellite EO combined with ground observations and expert knowledge.
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The problem of the transportation safety for Mtskheta-Stepantsminda-Larsi road is overviewed. The scientific study of glaciers in the Caucasus started
in the first half of the 19th century. From that time the terrestrial observations on glaciers were carried out. The outputs of terrestrial observations
resulted in different series of various temporal duration characteristics of glaciers due to the difficulties of field works organization. The data received
contain uncertainties and have no sufficient resolution in time and space. With the invention of the Earth’s satellites it was determined that satellite
remote sensing is the best technology allowing to receive the data with needed regularity both in terms of time and space resolution. The results of
various researches show that sometimes the satellite remote sensing data is difficult to interpret and determine needed glacier characteristics. In such
cases the data of the terrestrial observations are used for validation of glacier characteristics along with the expert knowledge of corresponding glaciers.
This complex approach gives the possibility to adjust glaciers contours and calculate more accurately various characteristics of a glacier. At present the
main problem for the safety of the Georgian Military Road in the territory of Georgia is the glacial and hydrological disasters such as ice blocks falls
from the Kazbegi glaciations accompanied with the debris, followed by the river bed blockage and natural dam formation, with a consequent break
and pass of catastrophic mudflows. The glacial catastrophes of Kazbegi glaciers: Devdoraki, Mna, Gergeti, Abano and Chachi have great impact on
Mtskheta-Stepantsminda-Larsi road safety on the territory of Georgia. The biggest catastrophes on the Georgian territory took place due to Devdoraki
glacier fell in 1776, 1778, 1785, 1808, 1817, 1832. The Devdoraki glacier listed falls during those years were connected with the pulsation of the
glaciers and their increase. In Kazbegi glaciation the environmental disasters occurred in 2002, 2007 and 2014 (twice). It was the result of ice layers
movement. Based on the analysis, it was concluded that the creation of the May 17 and August 20, 2014 catastrophic mudflows was not connected
with the glacier pulsation.
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The variations in glaciers are the important indicators of regional climate change. The glaciers play an important role in the regulation of water
balance. In the conditions of global warming they recede and degrade that is expressed in the related changes in glacier runoff. The research of glacier
melting is important for studies of sea/ocean level changes. The Caucasian glacial dimensions (area, volume, length) have been changed over the
centuries. The scientific study of glaciers in the Caucasus was started during the first half of 18th century. In the last century the terrestrial
observations on glaciers were carried out. Due to the difficulties of organization and conducting of field works the received observational data sets
consists from different series of various temporal duration characteristics of glaciers. The data received contain uncertainties. From another hand
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carrying out of such field works are expensive. With the launch of the Earth’s satellites it was determined that satellite remote sensing is the best
technology allowing to receive data with needed regularity in terms of both time and space resolution. Some uncertainties remain in the data as the
observational tool is too far away from the Earth’s surface. So, the necessity for the strong quality assessment/quality control (QA/QC) remains. A lot of
studies showed that the best method for investigation of glaciers is application of satellite remote sensing combined with terrestrial observations and
expert knowledge of separate glaciers.
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The objective of the research is to introduce the methodology for the study of Georgian glaciers on the basis of remote sensing using satellite
data of high spatial resolution. The results of the numerical determination of the satellites characteristics are presented. Outputs of this study
shows that the presented methodology is effective. The research is carried in frames of the state research grant FR/586/9-110/13 for fundamental
investigations of the Shota Rustaveli National Research Fund.
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The main objective of present work is the investigation of glaciers melting including significant ecological risks espe cially in connection with climate
change issues. Long term satellite monitoring objectives toward the climate are: determination of the processes related with climate and glaciers
interaction; detection of climate and environmental changes provided through glaciers changes; validation of global and regional climate models,
sensitivity studies, climate change scenarios specification, etc. Satellite monitoring of glaciers has the well expressed potential to facilitate
measurements that traditionally were per formed using field techniques or ground based observations in one or several spots. High resolution space
borne data allow glacier length change measurements along the entire glacier tongues, and in that way complement or even replace ground-based
meas urements. Using the remote sensing data it can be determined: the ice snow border; glaciers movement speed; the glacier elevation model and
area of contours. The final objectives, based on the remote sensing, hydrometeorological network and glaciological observation data are: glacier
monitoring technological line improvement and glacier properties determination; river Enguri pilot basin glacier runoff investigation based on
determined values: creation of the Caucasian glacier models using the glacier characterizing data and gla cier development forecast using these

models.
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The use of satellite information with drifter information is effective for determination of BS SST values. The created marine forecasting system gives
reliable results that are in good accordance with reality.
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It is determined that using of the BS SST determined from the remote sensing in modeling significantly enhances the forecast of the Black Sea conditions
The methodology developed in the present Investigation is effective for the solution of problem — namely for the determination real BS SST values.
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