
167

Annals of Agrarian Science          

Spatial and time dynamics of glaciers following the Little Ice Age on 
the southern slope of the Greater Caucasus 
Davit Svanadzea,b, Vazha Trapaidzea, Giorgi Bregvadzea, Irakli Megrelidzea,b

aIv. Javakhishvili Tbilisi State University, 1, Chavhavadze Ave., Tbilisi, 0179, Georgia
bThe Ministry of Environment Protection and Agriculture of  Georgia, 50, David Agmashenebeli Ave., Tbilisi, 0012, 
Georgia

Received: 10 June 2018; accepted: 19 November 2018 

A B S T R A C T

The article presents an analysis of  the scale in space and time of degradation of some glaciers on the southern slope of Central 

the opportunities and advantages of using this method as compared to the traditional methodology of Orthorectifying and mappingof 

Ice Age and the values of their retreat depend on the concrete types of glaciers and geographical factors.
The mentioned glaciers are typical for the soutern slope of the Caucasus Range and are located between mountain Elbrus and 

between 0.8 and 4.2 km. 
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Introduction

the earth has been characterized by an alternation 
of warm and cold periods. The reasons for such an 
alternation have been active volcanism, cyclical 

shape of continents and ratio between the land 
and the ocean and a set of many other factors. The 

climate are marked by a global change, with the 

measurements. The trend in global temperature has 
increased sharply in recent years and as compared to 

The ongoing climate change has a decisive 

the geographical layer as cryosphere, which is 
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one of the forming elements of the earth climate 
and a good indicator of its changes both, in the 

taking place in parallel to the climate change is 
irreversible degradation of the glaciers in the 

is associated with the continuous increase ofglobal 

lead to the reduction of the freshwater resources and 
hydropower potential of the rivers and supply of 

in the probability of periglacial risks associated 
with glaciers. The southern slope of Great Caucasus 

like other mountainous regions, it have been marked 

temporal analysis of the dynamics of the large valley 
glaciers of the central part of  Great Caucasusand 

from the Little Ice Age to modern times. This problem 
was solved by using a synthesis of traditional and 

the process, including an unmanned aerial vehicle, 

including 3D and Geographical Information 

geomorphological method, allows obtaining and 
swiftly processing much better qualitative and 
quantitative data. This methodology was used 
to calculate the morphometric properties of the 

equilibrium line altitude and calculate a number of 
glaciological parameters. 

It should be noted, that the method used by us 

opportunities to calculate many such numerical 
values, cannot be calculated by using the traditional 
cartographic and geodetic methods or those of 
remote sensing. 

Objectives and methods

Study Area

Central Caucasus range
and relief conditions and compatibility between 
them and in respect of ongoing modern glaciation, 
Caucasus is an  geographical situation on the 
Eurasian Continent, as a transient hearth of modern 

glaciation transient between the glaciations in the 

geographical conditions typical to Caucasus 

is in Central Caucasus, at 43.20 0; 42.70 0. 
Between mountains Elbrus and Mkinvartsveri, 

Elbrus at 5642 m, Dikhtau at 5025 m, Shkhara 5203 

its average height is 4100 m above sea level. The 
mean annual amount of precipitations is 3000 mm. 
In this region, while the amount of precipitations 

on the southern and northern slopes of the Ridge is 

results from the location of Caucasus Ridge on 
the border between the moderate and subtropical 

masses of the Atlantic Ocean and Mediterranean sea 
on the one hand and of the continental air masses of 
Siberia, Central Asia and Iran mountainous regions.  

climate of Caucasus ranges played by the Black and 

conditions, the character of the modern glaciation is 
also diverse both, on the northern slope of Caucasus 

of it. The principal regularities of the climatic 
conditions and modern glaciation are as follows: 

Caucasus

Methods and materials

GIS and Areal Mapping methods

with such methods, as remote sensing, unmanned 
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it provides good opportunities to obtain highly 
accurate and thoroughly informative data, including 
2D, 3D and 4D cartographic information. Data 

the observations of the glaciers and their periglacial 
zones with an aerial vehicle and electronic and paper 

material of remote sensing and cartography are 

thorough data integration, digital elevation models 

software (Pix4D)
The gained data were processed in theGlobal 

Mapp er and Esri ArcGIS software. The aerial 
survey of the glacier tongues and periglacial zones 

and September of 2017. The aerial survey needs a 

planning, the relief of the territory was evaluated, 

Earth, SRTM – Shuttle Radar Topography Mission 

degree of dissection of the relief of the area, short 

collision of the drone with the surrounding slopes 
or other relief forms. The technical parameters of 

wind, the duration of the battery operation reduces 

2 

each zone to avoid the collision of the drone with 
the relief barriers.

addition, it is important to ensure a continuous radio 
communication with the control panel. In order to 

photographs is desirable to vary from 60 to 80% 
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1. Adishi 25/08/2017 1143 5.86 110.1 38 8.3 1:300
2. Khalde 30/08/2017 989 4.8 98.8 36 9.1 1:350
3. Shkhara 27/08/2017 818 3.9 92.7 36 8.1 1:400
4. Zopkhito 08/09/2017 914 3.31 107.4 40 7.59 1:300

Table 1.

Fig. 1. 
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photographing area to 2,5 km2, but it improves 

orthophotowith the image quality quite satisfactory 
for 2D GIS deciphering purposes.

Parametersof the glaciers and their calculation

is the location of the glacier tongue above the sea 
level in altitude, time and space, variation of the 
glacier tongue and surface topography, formation 
of a moraine cover, its morphometry, etc. In the 

same period was well preserved in the periglacial 
zone of some valley glaciers, and they can be used 

morphometric indicators of the relevant period. The 
advantage of the method lies in the possibility to 
swiftly obtain and calculate a number of accurate 

impossible by using traditional deciphering of 

and on the other hand, what is no less important, 
no matter how great the density of the survey of the 

with the geodetic apparatus is, an aerial photo is 
impossible to produce. Following the processing of 

points/m2

a glacier dynamics were made possible to decipher 

location of the glacier in the modern period and 
Little Ice Age period, calculated the location of 
the tongue above sea level in the Little Ice Age, 
indicators of the tongue retreat both, in length 

accurate relief model and its lateral and longitudinal 

comparing the old and modern data, we obtained 
numerical indicators, which thoroughly describe the 

Fig. 2. 
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Results and analysis

The analysis of the gained results evidences 
that the glaciers on the southern slope of Caucasus 
rangeare in the phase of active diminution 

increased altitude above sea level and decreased 

thickness at the same time. The variation of the 
parameters is associated with the process of the 
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Tongue elevationin different 
periods, asl, m

Difference in the 
periods, m

Average 
annualelevation 

change, m/yr

Total 
elevation in
1820-2010-

17

Retreat in
1820-

2010-17

1820 
1960

-

2017 1960 
2010-

2017 
1960 

-

2017 

Shkhara Valley 2310.00 2490.00 2535.00 180.00 45.00 1.29 0.79 225.00 888.00

Guli Valley 2580.00 2800.00 2920.00 220.00 120.00 1.57 2.11 340.00 1081.00

Ushba
Complex 
valley 2060.00 2380.00 2590.00 320.00 210.00 2.29 3.68 530.00 1243.00

Adishi Valley 2270.00 2380.00 2415.00 110.00 35.00 0.79 0.61 145.00 1326.00

Kibisha Cirque 3090.00 3190.00 3225.00 100.00 35.00 0.71 0.61 135.00 1359.00

Khalde Valley 2330.00 2500.00 2525.00 170.00 25.00 1.21 0.44 195.00 1542.00

Boko Valley 2285.00 2440.00 2637.00 155.00 197.00 1.11 3.46 352.00 1592.00

Nageba Valley 2170.00 2413.00 2550.00 243.00 137.00 1.74 2.40 380.00 1600.00

Tbilisa Valley 2540.00 2815.00 3010.00 275.00 195.00 1.96 3.42 470.00 1622.00

Marukhi Valley 2340.00 2400.00 2561.00 60.00 161.00 0.43 2.82 221.00 1734.00

Buba Valley 2400.00 2820.00 2950.00 420.00 130.00 3.00 2.28 550.00 1770.00

Kirtisho Valley 2320.00 2425.00 2618.00 105.00 193.00 0.75 3.39 298.00 2007.00

Mna
Suspended 
valley 2660.00 2855.00 3050.00 195.00 195.00 1.39 3.42 390.00 2053.00

Shdavluri Valley 2320.00 2640.00 2720.00 320.00 80.00 2.29 1.40 400.00 2178.00

Gergeti Valley 2600.00 2930.00 3113.00 330.00 183.00 2.36 3.21 513.00 2187.00

Tsaneri
Complex 
valley 2060.00 2280.00 2376.00 220.00 96.00 1.57 1.68 316.00 2203.00

Koruldashi Valley 2160.00 2480.00 2800.00 320.00 320.00 2.29 5.61 640.00 2249.00

Dolra Valley 2370.00 2540.00 2932.00 170.00 392.00 1.21 6.88 562.00 2338.00

Namkvami Valley 2460.00 2730.00 3023.00 270.00 293.00 1.93 5.14 563.00 2362.00

Laila
Complex 
valley 2100.00 2220.00 2620.00 120.00 400.00 0.86 7.02 520.00 2467.00

Zopkhito Valley 2120.00 2480.00 2560.00 360.00 80.00 2.57 1.40 440.00 2603.00

Chalaati
Complex 
valley 1620.00 1800.00 1940.00 180.00 140.00 1.29 2.46 320.00 2646.00

Lekhziri
Complex 
valley 1780.00 1970.00 2224.00 190.00 254.00 1.36 4.46 444.00 3698.00

Tviberi
Complex 
valley 2031.00 2140.00 2428.00 109.00 288.00 0.78 5.05 397.00 4096.00

Kvishi
Complex 
valley 2300.00 2415.00 2780.00 115.00 365.00 0.82 6.40 480.00 4224.00

Average 2291.0 2501.3 2684.1 210.3 182.8 1.5 3.2 393.0 2122.7

Table 2.
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the variability of the glaciers is the variation of the 
altitude of the glacier tongues above sea level in 
time and space. We give the data about the tongue 

the contemporary data about the location of the 
glacier tongues and their altitudes. 

The data analysis has made it clear that the 

during the LIA period, the location of the tongues of 
the considered glaciers above sea level was 2291 m 

tongues above sea level made 400 m.
The analysis of the table makes it clear that in 

the considered period, an average annual value of 

the glaciers elevation has increased from 1.5 to 
3.2 m since 1960s caused by the current climate 

and large glaciers to the current climate changes is 
particularly worthwhile. The value of their retreat is 
twice as much as an average value as a result of the 
glacier tongues descending to lower altitudes, their 

Average annual retreat of the considered glaciers is 

and large glaciers varies between 18 and 22 m/yr. 
There is no doubt that the degradation of the glaciers 
considered in the similar period did not take the 
same pace and included the periods of short pauses, 

Fig. 3. 

Fig. 4. 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

0

2

4

6

8

10

12

[0-1000] [1001-2000] [2001-3000] [3001-4000] 4000 <

De
ns

ity

Range, m

Distribition of the density of total retreat of the tongues of 
glaciers

Annals of Agrarian Science 17 (2019) 167 – 174D. Svanadze et al.



173

Conclusion 

irreversible degradation and melting evidenced by 
their gradual and swift retreat. Dynamics of melting 
of glaciers at southern slopes of the Greater Caucasus 
is in direct proportion with current climatic cycles, 

type glaciers.  The reduction of the valley glaciers 

course. If such trends continue without any changes, 
presumably the reduction of the large valley glaciers 
will reach 65% by 2100 what will presumably cause 
the disappearance of small karr glaciers. These 
processes lead to the increase inequality in the 

intensity predetermines the growth of intensity and 
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