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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 in 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. © 2025 Bull. Georg. Natl. Acad. Sci.

Georgia’s glaciers, satellite remote sensing, glacial basins, climate change

The study of glaciers has been relevant for several
centuries. The problem of cryosphere change is a
priority for IPCC studies [1,2] associated with CC.
Current CC has a very negative impact on the

cryosphere. Over the last decades, global warming

has led to a widespread shrinking of the cryosphere,
with mass loss from ice sheets and glaciers
(very high confidence) [1]. Projected physical
changes include global glacier mass loss, which is

expected to continue at least from 2031 to 2050 due
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to rising surface air temperatures (high confidence),
with imminent consequences for river flows and
local hazards (high confidence) [2].

Modern glaciation is unevenly distributed bet-
ween different regions of the Earth and various
river basins. Glaciers are particularly vulnerable in
the Andes, Alps, Pyrenees and Caucasus. The UN
has adopted a special resolution regarding high
mountain regions, in which one of the main roles is
assigned to the problem of the impact of CC on
glaciers and the risks associated with their
degradation.

Degradation of large glaciers is accompanied by
glacial disasters, which are especially intensified
due to modern CC. Recent examples of glacial
disasters include the tragedy of August 3, 2023,
when the Buba glacier collapsed in the Bubistskali
river valley, in the area of the Shovi resort. This
unprecedented disaster resulted in human casual-
ties, when 33 people died, including children. The
infrastructure was fully damaged. The Shovi resort
was covered with a large amount of rock avalanche
and mud, which fully destroyed it [3].

Methodology & Results

In Georgia, the glacial basins are spread in twelve
river basins. The glacial basins amount, where large
glaciers are met, are four; three are in West and one
— in East Georgia. The likely dates of the complete
melting of these glacial basins are discussed in
detail in earlier research [4]. The problem is solved
on the condition that CC will continue as it has

been. This scenario, in climatology, as in other acti-

vities, is called Business as Usual (BaU). Based on
the mentioned research [4], the complete melting
likely date of each glacial basin containing large
glaciers is 1. 2077 for the Abkhazia glacial basin;
2. 2149 —r. Enguri glacial basin; 3. 2161 —r. Rioni
glacial basin; and 4. 2153 — r. Terek glacial basin
(East Georgia).

To determine the likely dates of the complete
melting of the glacial basins without large glaciers,
regression equations are used under the BaU
climate change scenario. For glacial basins of East
Georgia, let's consider small and medium glaciers
for which the data of Landsat 4, 5, 7, and 8 satellites
are used for the time interval from 1984 to 2022.
Only six satellite images were found to be useful
for such research. This circumstance is due to both
cloudiness and wide geography, which characte-
rizes the location of these glacial basins in East
Georgia (from Liakhvi valley to Pirigita Alazani
valley).

Satellite data processing includes several steps.
First, the research area was defined, then the
existing glaciers were separated according to the
glacial basins of the rivers Liakhvi, Aragvi, Asa
(Arkhoti), Arghuni and Pirigita Alazani. To deter-
mine the area of glaciers, the processing of satellite
data was carried out, in particular, the determi-
nation of the reflectivity of the earth surface, the
topographic correction of the obtained results and
the so-called unsupervised data classification. After
the classification, it was possible to determine the
total area of glaciers of individual basins and their

chronological change.

Table 1. The dynamics of glacial basins total areas decrease

Date Satellite Time Area (km?) according to the glacial basins
(years) Liakhvi Aragvi Asa Arguni | Piriqita Alazani

9/26/1984 Landsat 5 0 2.50 0.40 1.04 6.90
8/31/1989 Landsat 4 4.9315 3.15 — 0.85 1.06 —

9/6/1994 Landsat 5 9.9507 2.50 — 0.74 0.92 3.63
8/28/2014 Landsat 8 29.9397 1.80 0.24 0.77 0.58 2.25
9/5/2017 Landsat 8 32.9644 1.56 0.25 0.65 0.33 1.28
9/13/2022 Landsat 8 37.9890 0.67 0.10 0.30 0.08 0.35

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 1, 2025
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Fig. 1. The dependence of the total areas of glaciers on time.

c

Fig. 2. Visualization of r. Liakhvi glacial basin degradation by years using the following satellite data: a — Landsat 5
TM, September 26, 1984, b — Landsat 5 TM, September 17, 1998, ¢ — Landsat 8 OLI TIRS, August 28, 2014, d —
Landsat 8 OLI TIRS, September 13, 2020.
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After classification, the number of raster image
pixels occupied by glaciers in the satellite image is
determined. This allows determination of the gla-
ciers’ area based on the spatial resolution of Land-
sat satellite images (30 m). Table 1 summarizes the
results of these glacial basin change studies.

Figure 1 shows the dependence of the total areas
of glaciers on time.

Figure 2 presents the visualization of the r.
Liakhvi glacier basin degradation. Glaciers are
marked with green, snowfields are shown with
yellow ones, and glaciers that have disappeared
with red ones.

If we set in the melting equations of the glacial
basins coordinate y equal to zero we will get the
likely time of complete melting of each glacial
basin, namely: a. river Liakhvi — about 61 years, b.
river Aragvi — 64 years, c. river Arghuni — 45.3
years, d. river Asa — 76.3 years, e. river Pirigita
Alazani — 41.3 years. Adding to these values the
date (1984) of initial observation, we receive the
likely dates of the complete melting of each glacial

basin of eastern Georgia (Table 2).

Table 2. Likely dates of complete melting of glacial
basins without large glaciers

Ne Glacial basin Likely dates of complete
melting (year)

1 |r. Liakhvi 2045

2 |r. Aragvi 2048

3 |r. Assa 2060

4 |r. Arguni 2029

5 |r. Pirigita Alazani 2025

In West Georgia, only two of the six glacial
basins, namely the r. Bzibi and r. Kelasuri basins,
do not have large glaciers. Data from Landsat 5, 7
and 8 satellites for the time interval from 1986 to
2023 have been used to discuss the dynamics of
glacier area changes in these basins. Fourteen
different dates of satellite data were available for
the mentioned period. Table 3 shows the total areas

of glaciers determined by SRS according to dates.

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 1, 2025

Table 3. Total areas of glaciers in the glacial basins of
Bzibi and Kelasuri rivers according to dates

' Time Glacial basin area
Date Satellite (year) : .(kmz) .
Bzibi | Kelasuri
8/29/2086 |Landsat5 |0 6.43 1.05
9/25/1990 |Landsat 5 [4.0767 5.96 0.92
9/20/1994 |Landsat 5 [8.0657 5.33 0.90
9/19/1997 |Landsat5 [11.065 5.36 0.92
9/19/1997 |Landsat 7 [14.0493 |4.86 0.91
9/20/2000 |Landsat5 [14.0712 |4.74 0.87
9/6/2001 Landsat 7 {15.0328 |5.06 0.90
10/7/2006 |Landsat 5 (20.1205 [4.99 0.87
10/1/2007 |Landsat 5 |21.1041 [4.27 0.78
1/19/2011 |Landsat 5 |24.4082 |(3.45 0.74
9/2/2014 Landsat 8 {28.0301 [3.41 0.70
9/3/2017 Landsat 8 |31.0356 [3.3291 |0.6714
10/13/2020 |Landsat 8 |34.1480 (2.3796 |0.5472
9/7/2023 Landsat 8 |37.0493 [2.1942 |0.5454

Figure 3 shows the graphs of changes in the
total areas of glaciers determined by SRS in the

glacial basins of the Bzibi and Kelasuri rivers.
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Fig. 3. Graphs of total area changes of the glacial basins
of rivers Bzibi (a) and Kelasuri (b).

The equations of glacier area change are used to
determine the likely dates of their complete
melting. This issue is resolved under the BaU
scenario of climate change. Let's set the ordinate y
to zero in the trend equations and determine the
solution. We will get the likely time of complete

melting for each glacial basin, namely: for the r.
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Bzibi glacial basin, this time is 58 years, and for the
r. Kelasuri glacial basin — 82 years. If we add these
values to the date of the initial observation (1986),
the approximate dates of complete melting of each
glacial basin are, respectively, 2044 for the Bzibi

glacial basin and 2068 years for the Kelasuri basin.

Conclusion

Glacial basin degradation under climate change
the country’s
sustainable development, and the study of their

poses a significant threat to
retreat is considered one of the priority activities.
To obtain a scientifically based answer regarding
the glacial basin degradation, considering the
impact of current climate change, it is necessary to
use high-resolution satellite remote sensing (SRS).
This is provided by the fact that, on the one hand,
at present, it is impossible to carry out expensive
GBO on the necessary scale in the conditions of
limited resources and time and on the other hand
SRS allows studying glaciers for large regions with
appropriate space and time resolution with the
necessary details and accuracy.

All of the above mentioned factors allowed us
to conduct a quantitative assessment of the retreat
of large glaciers and determine the dynamics of
degradation of glacial basins in Georgia; determine

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 1, 2025

the nature of the degradation of glaciers and
determine the approximate dates of the complete
melting of the large glacial basins and those glacial
basins where large glaciers are not observed. Of
these, it is worth noting that the melting of glaciers
has a non-linear character and it is still accelerated
in time. Degradation of glaciers is much faster in
eastern Georgia than in its western part, which is
due to the big difference in climate between these
parts. Those glacial basins where no large glaciers
are observed will likely completely melt in this
century and those basins where large glaciers are
observed are not expected to melt completely in this

century.

The presentation “Determination of the Likely
Dates of the Complete Melting of the Glacial
Basins of Georgia was reported at the international
conference” Global Society for Research and
Development” (GLOBAL) held in Paris (France)
25-26 September 2024.

The research was performed with the support of the
Shota Rustaveli National Science Foundation
project FR-21-1996 “Research on the Degradation
of Georgian Glaciers in Recent Decades and the
Creation of an Electronic Atlas of Georgian
Glaciers”.
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