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ABSTRACT. 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 area 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 glaciers 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. © 2016 Bull. Georg. Natl. Acad. Sci.
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To manifest modern regional climate change im-
pact the corresponding researches are carried out:
investigation of the glaciers degradation on the ex-
ample of small glaciers changes (number and size
dynamics) and analysis of the dynamic of large gla-
ciers retreat.

 Under conditions of global warming glaciers re-
cede and degrade, which is reflected in the related

changes of glacier runoff and water balance. These
processes result in the increasing number of glacial
and hydrological disasters such as glacier falls, river
bed blockage leading to catastrophic flash floods
and mudflows. The investigation of glacial melting is
important for the study of sea/ocean level changes
that may carry significant risk for the residents of
coastal areas. That is one of the most negative im-
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pacts of modern climate change on humankind.
Glaciers variations are clear indicators of the an-

ticipated climate change. It should be noted that in
the 18th and 19th centuries glacier parameters (area,
length and volume) increased [1, 2]. It was discov-
ered that during the second half of the last century
Georgian glaciers were steadily diminishing due to
the impact of global warming. As a consequence, the
glaciers total area in Georgia decreased by 36% and
their volume - by 48%. Some glaciers melted away
completely. The length of glaciers was reduced by
600 m on average. The glaciers ice thickness: in the
lower part it decreased by 50-150 m; in the upper part
it reduced by 20-30 m [3, 4]. This process is still
underway and most likely will continue in the future.

In the past glaciers researches were carried out
mainly based on the terrestrial observations. Corre-
sponding field works were difficult to organize and
were characterized by significant shortcomings: (1)
high expenses, (2) data irregularity both in terms of
space and time resolution, (3) uncertainties in data.

Satellite Earth observation (EO) is practically free
of these limitations. Satellite EO gives possibility of
(1) the complex study of all glaciers [5, 6] including
indication and determination of the small ones [7, 8];
(2) determination of destructive impact of modern
regional climate change [9].

Study Area and Research Methodology

The glaciation is the phenomenon of the planetary
scale. The glaciers in Georgia are represented only in

the Great Caucasus range and their amount exceeds
500. The Great Caucasus represents high mountains
system. Thus, Georgian glaciers are of the mountain
type and display the well-developed glaciers.

The study area is located in the eastern part of
the Great Caucasus on the territory of Georgia (see
Fig. 1 (a)). In the present article satellite EO is applied
to determine glacial contours (see Fig. 1 (b)). Quality
assurance and quality control (QA/QC) procedures
based on the complex use of high-resolution satellite
EO together with the historic data and expert knowl-
edge are used to validate the results [6]. Application
of several GIS systems is very important as well.

The determination of a glacier’s contours with
high accuracy is fundamental to research the gla-
ciers characteristics [6, 8, 10] and hence to investi-
gate the impact of modern regional climate change
on the variations of the Georgian glaciers.

In the present study the impact of modern re-
gional climate change on small glaciers melting and
large glaciers retreat is researched. In general global
warming has substantial negative impact on glaciers,
which is particularly evident in the case of small and
large glaciers. This often leads to small glaciers frag-
menting, turning them into the snowfields or their
full melting (see Fig. 2 (a)) and the significant retreat
of large glaciers (see Fig. 2 (b)). It should be noted
that the area of small glaciers varies in the range of
0.1 to 0.5 km2. Snowfields can be formed by the deg-
radation of small glaciers leading to residual areas
less than    0.1 km2.

                                                  (a)                                                                                                (b)
Fig. 1. Landsat satellite false color images representing: (a) small glaciers from study area circled with red; (b) Gergeti

glacier with its contour.
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Results

On the Landsat satellite image (see Fig. 2 (a)) the
presented area (Pirikiti Alazani River basin) corre-
sponds to the scheme ¹ 3 from the glacier catalog of
the former Soviet Union [11-13]. The existing small
glaciers are shown by green pins, the red pins mark
the vanished glaciers and yellow pins represent the
snowfields. Corresponding contours for small gla-
ciers and snowfields of Pirikiti Alazani River basin
are determined. The comparison of this image with
the corresponding area of the scheme ¹ 3 from the
  glacier catalog of the former Soviet Union give pos-
sibility to identify small and vanished glaciers and
snowfields. This comparison revealed those glaciers
and snowfields remained or/and originated, vanished
from small glaciers (¹24 - ¹33) of the Pirikiti Alazani
River basin existing 40 years ago.  The time period
between the terrestrial observations included in the
former USSR catalog and the data of the satellite EO
is equal to 40 years.

Study area is covered by five more schemes of
the former Soviet Union catalog [11-13].  Similar study
was performed for all the remaining small glaciers
from the study area of East Georgia. The received
results are given in Table 1.

Table 1 shows the numbers of small glaciers regis-
tered in the schemes of the former USSR catalog and
the amount of small and vanished glaciers and cre-
ated snowfields calculated from the satellite EO data.
Analysis of this table shows that out of 108 small
glaciers registered in the former USSR catalog, only
32 are left after 40 years; 64 snowfields resulted from
small glaciers degradation and 27 of small glaciers
fully vanished. It can be concluded that more than
70% of the small glaciers fully or partially melted due
to the impact of regional climate change.

It should be noted that 105 small glaciers were
earlier researched [9], as 3 more existing small gla-
ciers from the study area could not be identified.

In the present study the impact of modern regional
climate change on large glaciers are studied on the
example of the Gergeti glacier (Fig. 2 (b)). Gergeti gla-
cier was selected because: (1) the end of this glacier is
free of debris that provides easy processing and analy-
sis of multispectral sensor observations; (2) possibil-
ity to determine the speed of glacier retreat due to
modern climate change using available 11 different
files of Landsat satellites data spanning the period of
1977-2015; and (3) practically for the same period avail-
ability of the corresponding terrestrial observations
for QA/QC procedures and validation of the results.

(a)                                                                             (b)
Fig. 2.  Landsat satellites images displaying: (a) small glaciers marked by green pins, snowfields represented by yellow pins

and vanished glaciers shown by red pins and corresponding contours for the Pirikiti Alazani River basin; (b) Schematic
picture of the Gergeti glacier retreat.
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The  satellite  images  were  all  chosen  at the  end
of the ablation  period  (August-September for Geor-
gia) and with less than 20% of cloud cover.

In Fig. 2 (b) eleven locations of the Gergeti glacier
terminus with the corresponding dates to indicate its
retreat due to global warming are shown. Every loca-
tion is represented by a contour of a different color.
Glacier retreat distances were identified along the mid-
valley based on the red color line crossing the suc-
cessive terminus outlines.

In Table 2 the coordinates of the positions of the
glacier retreat contour crossing with glacier tongue,
retreat distances toward previous position are pre-
sented. The satellite image since 1977 is the initial
and its retreat value is considered to be equal to zero.

Based on the numerical values representing the
Gergeti glacier retreat corresponding  graph and rel-
evant linear trend for the spanning period of
1977-2015 are plotted (Fig. 3 (a)).

The analysis of the whole observational period
(1977-2015) shows that the average rate of the Gergeti
glacier retreat rate is equal to 19.7 m per year.

For better understanding of the impact of climate
change on glacier retreat the research period of 40
years was divided into two periods: 1977-2001 and
2001-2015. Corresponding linear trends for these pe-
riods are created (see Fig. 3 (b)). The analysis carried
out for the first period shows that the Gergeti glacier
retreat rate was equal to 15.1 m annually and it reached
26.7 m per year for the second period. These num-
bers show that for the last 15 years the retreat ten-
dency increased significantly and difference between
the two periods is about 11.6 m annually.

Based on these data and the data for other gla-
ciers not cited here it can be concluded that climate
change was accelerated during the last period show-
ing the nonlinear character of this process.

Table 1. The number of small and vanished glaciers and snowfields (East Georgia) determined according
to satellite EO images and the catalog of the former Soviet Union

 
Scheme 
 

Number of Small 
Glaciers according 

to the catalog 

Number of Small and Vanished  Glaciers and Snowfields based on Satellite EO 
data 

Small glaciers Snowfields  Vanished glaciers  

1 13 10 5 0 
2 2 2 0 0 
3 15 4 10 3 
4 24 2 9 13 
5 48 13 30 11 
6 6 1 10 0 

Total 108 32 64 27 
 
Table 2. The coordinates of the positions of the glacier retreat contour crossing with glacier tongue,
retreat distances toward previous position.

# Date  
Coordinate 

Retreat toward previous 
position (m) Total retreat (m) latitude longitude 

1 8/25/1977 42.664006° 44.558418° 0 0 
2 9/26/1984 42.664683° 44.557493° 106 106 
3 8/31/1989 42.665486° 44.556670° 111 217 
4 8/3/1999 42.666306° 44.555701° 122 339 
5 9/1/2001 42.666503° 44.555308° 40.6 379.6 
6 8/30/2006 42.667224° 44.553724° 152 531.6 
7 9/18/2007 42.667407° 44.553513° 25.4 557 
8 8/30/2009 42.667635° 44.553219° 38.2 595.2 
9 9/21/2011 42.668386° 44.552674° 94.9 690.1 
10 8/28/2014 42.668662° 44.552612° 31.7 721.8 
11 8/15/2015 42.668917° 44.552400° 34.4 756.2 
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For QA/QC of satellite EO data related to Gergeti
glacier, the data from terrestrial observations for the
time period of 1978-2013 were used. Based on these
data (five positions) Gergeti glacier retreat dynamics
are shown in Fig. 4 a.

According to terrestrial observations the linear
trend for the whole observational period (1978-2013)
shows that the retreat rate of the Gergeti glacier is
equal to 21.4 m per year on average. The results re-
vealed a similar trend, the glacier retreated as it was
documented according the satellite monitoring data.
Namely, comparison of the data from terrestrial ob-
servations with those of the satellite EO shows that
the retreat rate is almost the same. The difference (1.7
m/per year) is negligible and can be referred to the
difference in observational periods.

For validation of the climate change impact on
the Gergeti glacier retreat in dependence of time peri-
ods the similar approach was used for terrestrial ob-
servations. The research period of 35 years of terres-
trial observations were divided into two periods:
1978-2000 and 2000-2013 and corresponding linear
trends for these periods were created (see Fig. 4 b).
Using the data of the terrestrial observations it was
determined that the Gergeti glacier retreat rate is equal
to 11.3 m annually during the first period and it
reaches 35.9 m per year in the course of the second
period. Greater difference of these data comparing
with those of satellite monitoring is observed out-
come. The difference is nearly 4 m annually during
the first period and more than 9 m annually in the
course of the second period. These differences are

                                                                                (a)                                                                                                                (b)
Fig. 3.  Gergeti glacier retreat dynamic and corresponding linear trends based on satellite EO: (a) for the whole period

(1977-2015). Starting position refers to 1977; (b) For the I (1977-2001) and II (2001-2015) periods.

(a)                                                                              (b)
Fig. 4. The Gergeti glacier retreat dynamic and corresponding linear trends based on the terrestrial observations: (a) for

the whole period (1978-2013). Starting position refers to 1978; (b) For the I (1978-2003) and II (2003-2013)
periods.
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caused by the distinction in the observational peri-
ods for the satellite EO (40 years) and for the terres-
trial observations (35 years).

Conclusions

In the present study the impact of modern regional
climate change on Georgian glaciers degradation is
investigated. In general global warming has substan-
tial negative impact on glaciers, which is particularly
evident in the case of small and large glaciers. This
often leads to small glaciers fragmentation, turning
them into the snowfields or their full melting. In case
of the large glaciers their considerable retreat is de-
termined.

The detailed study was carried out to compare
the number of small glaciers registered in the former
USSR catalog and the amount of small glaciers re-
ceived after processing of satellite EO data for 2014.
This time period between these data is at least 40
years long. The results show that out of 108 small
glaciers registered in the former USSR catalog, nowa-
days only 32 remain; 64 snowfields resulted after
small glaciers degradation and 27 small glaciers fully
vanished. Based on the corresponding analysis it
can be concluded that more than 70% of small gla-
ciers fully or partially melted due to the regional cli-
mate change impact. This fact can be very likely con-
sidered as a great impact of the modern climate change
on small glaciers melting.

Impact of modern regional climate change on
large glaciers is mainly studied on the example of the
Gergeti glacier. It was chosen because the end of this
glacier is free of debris, the availability of 11 different
files of Landsat satellite data spanning the period of
1977-2015 and existence of terrestrial observations
for QA/QC procedures.  The satellite images were
chosen for the end of the ablation period and with
less than 20% of cloud cover. The analysis of the
Gergeti glacier retreat rate for the whole observational
period (1977-2015) shows that the average rate of
retreat is equal to 19.7 m per year.

For validation of the satellite EO data related to

the Gergeti glacier, the available terrestrial informa-
tion for the time period of 1978-2013 were used. As it
is shown the retreat rate of the Gergeti glacier ac-
cording to terrestrial observations is equal on aver-
age to 21.4 m per year that is a similar according to
the glacier retreat rate as was documented in the data
from the satellite monitoring. The difference is negli-
gible and very likely may be referred to the distinc-
tion in observational periods. It shows the reliability
of the satellite EO data, its processing and analysis.

For better understanding of the impact of climate
change on glacier retreat based on the satellite EO
data the research period for 40 years was divided
into two periods: 1977-2001 and 2001-2015. Corre-
sponding linear trends analysis carried out for these
time periods showed that the Gergeti glacier retreat
rate increased considerably, namely for the last 15
years the retreat velocity increased significantly and
difference between the two periods is about 11 m
annually. Based on these data and the data for other
glaciers not cited here it can be concluded that cli-
mate change is accelerated during the last period
showing the nonlinear character of this process.

For validation and QA/QC of satellite EO data
related to Gergeti glacier, available terrestrial infor-
mation for the time period of 1978-2013 were used.
These data was divided into two periods.  The data
of the terrestrial observations for the first period (1978-
2000) revealed that Gergeti glacier retreat rate is equal
to 11.3 m annually and it reaches 35.9 m per year for
the second period (2000-2013). A greater difference
of these data comparing with those of satellite moni-
toring is observed outcome. The difference is nearly
4 m annually for the first period and more than 9 m
annually for the second period. These differences
are likely caused by the distinction in the observa-
tional periods for the satellite EO (40 years) and for
the terrestrial observations (35 years).

Summarizing it can be concluded that the glaciers
in East Georgia are intensively melting under the im-
pact of regional climate change. The large glaciers
are degrading and retreating, the medium glaciers are
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partially transformed into small glaciers, major por-
tion of small glaciers are turning into snowfields or
completely vanishing. At least 70 % of small glaciers
in East Georgia are now turned into snowfields or
fully melted.  Analysis of large glacier retreat shows
that the rate of its retreat is considerably increased.
The retreat rate of the latest 15 years is significantly

scaled up in comparison with previous one.
The research revealed the acceleration of regional

climate change in East Georgia.
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Tanamedrove klimatis cvlilebis gavlena
aRmosavleT saqarTvelos myinvarebze
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(warmodgenilia akademiis wevris T. WeliZis mier)

ganxilulia Tanamgzavruli distanciuri zondirebis da GIS teqnologiebis gamoyenebis
safuZvelze aRmosavleT saqarTvelos myinvarebis cvlilebis sakiTxebi globaluri
daTbobis pirobebSi.  unda aRiniSnos, rom warsulSi myinvarebis parametrebi (farTobi,
sigrZe da moculoba) izrdeboda. gasuli saukunis meore naxevridan saqarTvelos myinvarebis
maxasiaTeblebi mcirdeboda globaluri daTbobis gamo. m. silvenma da sxvebma gansazRvres,
rom  saqarTvelos myinvarebis farTobi Semcirda 36 %-iT, xolo moculoba - 48 %-iT. es
procesi axlac mimdinareobs da savaraudoa, rom mas adgili eqneba momavalSic. warsulSi
myinvarebze dakvirveba, rogorc wesi, tradiciulad miwispira dakvirvebebiT mimdinareobda,
romlebic mniSvnelovani naklovanebebiT xasiaTdeboda, saxeldobr: maRali Rirebuleba,
monacemTa araregularuli ganawileba sivrcesa da droSi. dedamiwis zedapirze
Tanamgzavruli dakvirvebebi am naklovanebebisagan faqtiurad Tavisufalia. am teqnologiis
gamoyenebiT Seswavlilia mcire myinvarebis dnoba da didi myinvarebis ukandaxeva klimatis
regionuli zemoqmedebis Sedegad. dadginda, rom ukanaskneli 50 wlis ganmavlobaSi adgili
aqvs mcire myinvarebis daCqarebul dnobas. ganisazRvra, rom aRmosavleT saqarTvelos
mcire myinvarebis daaxloebiT 70% mTlianad an nawilobriv gadna. gansazRvrulia didi
myinvarebis ukan daxevis siCqaris sagrZnobi mateba gansakuTrebiT ukanaskneli 15 wlis
ganmavlobaSi. es Sedegebi naTlad miuTiTebs myinvarTa degradaciaze klimatis regionuli
cvlilebis aCqarebis gamo.
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