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MONITORING OF GLACIATION AND MELTING 
IN THE EAST KAZAKHSTAN REGION

Abstract. In the scientific field remote sensing as a research tool in the lowland steppes focuses on monitoring vegetation to assess the extent of desertification. Howev-
er, monitoring individual glaciers would significantly increase the accuracy of the criteria for forecasting areas at risk. This study uses the latest methodology for monitoring 
glaciers using satellite images of the East Kazakhstan region (Kazakhstan). The approach involves comparing the characteristics (area) of glaciers on satellite images (TM) 
over a 6-year period (2016, 2019 and 2022). According to the data obtained, the author compared the size of the Berel glacier, which is one of the sources for maintaining 
the water supply level.
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Шығыс Қазақстан облысындағы мұздықтардың азаюы мен еруін мониторингтеу
Аңдатпа. Ғылыми салада қашықтықтан зондтау әдісі далалы жерлерде зерттеу құралы ретінде шөлейттену ауқымын бағалау үшін өсімдіктерді бақылауға 

бағытталған. Дегенмен, жеке мұздықтарды бақылау қауіпті аймақтарды болжау индикаторларының дәлдігін айтарлықтай жақсартады. Бұл зерттеуде Шығыс 
Қазақстан облысының спутниктік суреттерін пайдалана отырып, мұздықтар мониторингінің жаңа әдістемесі пайдаланылады. Бұл тәсіл 6 жылдық кезеңдегі 
(2016, 2019 және 2022) спутниктік суреттердегі (TM) мұздықтардың сипаттамаларын (ауданын) салыстыруды қамтиды. Алынған мәліметтерге сәйкес, автор 
сумен жабдықтау деңгейін ұстап тұру көздерінің бірі болып табылатын Берел мұздығының өлшемдерін салыстырды.

Түйінді сөздер: шөлейттену, зерттеу, қашықтықтан зондтау, мониторинг, мұздықтар, еру, өсімдік жамылғысы. 

Мониторинг уменьшения и таяния ледников в Восточно-Казахстанской области
Аннотация. В научной области дистанционное зондирование как инструмент исследования в низменных степях сосредоточено на мониторинге раститель-

ности для оценки масштабов опустынивания. Однако мониторинг отдельных ледников значительно повысил бы точность критериев прогнозирования районов, 
подверженных риску. В этом исследовании используется новейшая методология мониторинга ледников с использованием спутниковых снимков Восточно-Ка-
захстанской области (Казахстан). Подход предполагает сравнение характеристик (площади) ледников на спутниковых снимках (TM) за 6-летний период (2016, 
2019 и 2022 годы). Согласно полученным данным, автор сравнил размеры ледника Берель, который является одним из источников поддержания уровня водо-
снабжения.

Ключевые слова: опустынивание, исследования, дистанционное зондирование, мониторинг, ледники, сокращение, растительный покров.

Introduction
A glacier is a persistent body of dense ice that is constantly 

moving under its own weight. A glacier forms when the accu-
mulation of snow exceeds its ablation over many years, often 
centuries. A glacier characterized by a negative mass balance is 
not in equilibrium and confirms a fast and dramatic withdraw-
al. This situation causes the disappearance of some glaciers of 
the world and puts others in danger, providing many repercus-
sions on the availability of natural water resources for different 
purposes. In the future there could be many difficulties for the 
agriculture irrigation, for the domestic use and for the produc-
tion of hydroelectric energy; for the local economies founded 
on the tourism climbing; for the ecosystems founded upon the 
break-up of the glaciers and, in a long-term perspective, the 
level of the oceans could rise [1, 2].

The glaciers of Kazakhstan are the main source of irrigation 
and hydropower in Kazakhstan. Glaciers are huge reservoirs of 
fresh water. Scientists of the Institute of Geography of the Nation-
al Academy of Sciences of Kazakhstan have compiled a catalog 
of glaciers of the republic. As a result, a map of the mountain 
glaciers of Kazakhstan was compiled. The areas of distribution of 
modern glaciers on the Kazakh land are located in the Eastern and 
southeastern zones – the Altai, Saur, Jungarian Alatau, Kirghiz 
Alatau, Ile-Alatau, Kungei Alatau, Terskey Alatau ranges. There 
are 2,724 glaciers in all the mountains of the republic. The area 
they occupy is 2,033.3 km2. In the Kazakh part of Altai there are 
about 350 glaciers with a total area of 99.1 km2.

In this article, the Berel glacier was chosen as the main ob-
ject of research. The Berel glacier is located on Mount Be-
lukha from its southeastern part in the Qaton-Qaragai park 
(East Kazakhstan region), mountains of the Altai. The height 
at which the glacier is located 2000 meters. With the help of 
open Internet sources, data on the main parameters of glaciers 
were used. 

The Berel Glacier is a large and small glacier descending 
from the southeastern slopes of Mount Belukha in Altai. The 
length is about 10 km, the area is 12.5 km2, and the lower edge 
of the glacier lies at an altitude of 1984 m and gives rise to 
the White Berel River. The Small Berel Glacier is about 8 km 
long and has an area of 8.9 km2. The Berel glacier covered 
with rocks for a considerable length, two median and the same 
number of lateral moraines known on its western arm; the final 
moraine is semicircular and from the outside represents steep 
talus. 

Glaciers gain mass due to snowfall and lose it due to melt-
ing and sublimation (when water evaporates directly from 
solid ice). Glaciers that end in a lake or ocean also lose mass 
due to the formation of icebergs. Those that end in the ocean 
are called tidal glaciers, and they have more complex cycles 
of advance and retreat than glaciers that end on land, at least 
on an annual and decadal time scale. Even with a stable cli-
mate, such glaciers can experience periods of rapid retreat, 
which are more influenced by various factors. In this work 
author have used USGS EarthExplorer platform as a source 
file. For the analytical part used Normalized Difference Snow 
Index (NDSI) was used in the ArcGIS software. Remote 
sensor images consist of many layers or bands created by 
collecting energy in specific electromagnetic spectrum wave-
lengths in ArcGIS [3-7]. 

The NDSI index allows the glacier to be distinguished cor-
rectly from every other element with similar brightness as the 
clouds the illuminated soil, the vegetation and the rocks [8-10].

Process of work shown in Figure 1. 

Research methods
Remote sensing has been used to study environmental pro-

cesses for many years. The study of space survey materials is 
impossible without the use of GIS technologies and remote 
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sensing data processing programs. The diff erent spatial reso-
lution of the image, the spectrum zones, and the frame size of 
diff erent satellite series allow you to choose the most suitable 
and accessible images for solving specifi c tasks. 

Landsat 8 TM images selected for this work. A series of 
American civilian Landsat satellites has been launched since 
1972. The Landsat 8 satellites launched in 2013 used MSS 
(Multispectral Scanner) and TM (Thematic Mapper) digital 
equipment: 

– MSS: 80 m resolution, 4 spectrum zones (green, red, two 
near infrared);

– TM: 30 m resolution, 7 spectrum zones (blue, green, red, 
near infrared (IR), two medium IR, far IR). 

The size of the Landsat frame is 185x170 km. Landsat 8 
stopped its work quite recently – in February 2013. Images 
from this satellite were used in our work.

Multispectral digital images with a spatial resolution of 
30 m were obtained through the Earth Explorer service of 
the US Geological Survey. All of them are presented in the 
UTM cartographic projection based on the WGS-84 coordi-
nate reference system, i.e. they have already been pre-pro-
cessed. 

The Landsat Collection 2 Normalized Diff erence Snow In-
dex (NDSI) is the normalized diff erence between green (G) 
spectral bands and shortwave infrared radiation (SWIR). 

The processing of remote sensing of the Earth has recent-
ly been increasingly closely integrated with Geographic In-
formation Systems (GIS). ArcGIS package provides a wide 
range of tools for working with raster data, which makes it 
possible to process remote sensing and use GIS analytical 
functions.  

In this work author used «The Maximum Similarity Clas-
sifi cation tool». This tool based on maximum likelihood 
probability theory. It assigns each pixel to one of the classes 
based on the averages and variances of the class signatures 
(stored in the signature fi le). This tool is also available and 
shown Figure 2. The probability that snow is present is pro-
portional to how close the NDSI pixel value is to 1 (range – 1 
to 1). In this work, an index of 0.5 was used for detailed 
processing.

Results
The processing of remote sensing of the Earth has recently 

been increasingly closely integrated with Geographic Informa-

tion Systems (GIS). ArcGIS package provides a wide range of 
tools for working with raster data, which makes it possible to 
process remote sensing and use GIS analytical functions.  

The Berel glacier consists of two parts. This is a «Big» and 
«Small» glacier. They descend from the southeastern slopes 
of Mount Belukha in Altai. The Berel glacier is covered with 
rocks for a considerable length, two median and the same 
number of lateral moraines are known on its western arm; the 
fi nal moraine is semicircular and from the outside presents 
steep talus. 

The process of melting of the Berel glaciers began to be 
noticed at the beginning of the 21st century. However, the ac-
celerated process began to emerge in the last 10 years. Figure 
3 clearly show the above changes.

Ultimately, the author made overlays for visual eff ect. The 
Figure 4 shows comparison of Berel glacier’s area in 2016, 
2016 and 2022 years.

Discussion of results
In this research work by calculating the NDSI snow cover 

index, results were obtained on the state of the areal indicators 
of the Berel glacier. In the main part of the work, using the basic 
tools of the ArcGIS software, it was possible to compare the 
areas of the Berel glacier and track the dynamics of changes 
in this indicator. The Figure 5 shows areal size of Berel glacier 
in 2016, 2019 and 2022 years. The amount of «Sum» in the 
«Statistics» panel demonstrates areal size in km2.A graph is a 
visual representation of the dependence of one quantity on an-
other. The author created a graph of changing areal size of Berel 
glacier among 6 years.

Conclusion
Changes and melting of glaciers is an environmental prob-

lem and may entail other problems from diff erent spheres. gla-
ciology is the science of natural ice. It explores glaciers, snow 
cover, snowfi elds, ice, river, sea and underground ice and related 
dangerous phenomena – snow drifts on roads, snow and ice av-
alanches and sudden movements of glaciers, glacial lakes and 
glacial mudfl ows associated with them, snow loads on the fl oors 
of engineering structures, soil deformation during the melting 
of permafrost.

Therefore, it is simply vital for Kazakhstan to be aware of 
everything that is happening in these areas of natural phenom-
ena, especially since the issue of not only the sharp melting of 

Figure 1. A fragment of a USGS satellite image.
Сурет 1. USGS ғарыштық суретінің үзіндісі.

Рис. 1. Фрагмент космического снимка USGS.

Figure 2. Classifi cation toolbar.
Сурет 2. Жіктеу құралдар тақтасы.

Рис. 2. Панель инструментов классификации.
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Figure 3. Berel Glacier in 2016, 2019 and 2022.
Сурет 3. Берел мұздығы 2016, 2019 және 2022 жылдары.

Рис. 3. Берельский ледник в 2016, 2019 и 2022 г.

a)

b)

c)

Figure 4. Berel Glacier in 2016, 2019 and 2022.
Сурет 4. Берел мұздығы 2016, 2019 және 2022 жылдары.

Рис. 4. Берельский ледник в 2016, 2019 и 2022 г.

Figure 6. Graph of changing areal size of Berel glacier 
in 2016, 2019 and 2022.

Сурет 6. 2016, 2019 және 2022 ж. Берел мұздығының 
аудандық көрсеткішінің өзгеру кестесі.

Рис. 6. График изменения площади ледника Берель 
в 2016, 2019 и 2022 годах.

a) c)b)

Figure 5. Areal size of Berel glacier in 2016, 
2019 and 2022.

Сурет 5. 2016, 2019 және 2022 жылдары Берел 
мұздығының аудандық көрсеткіші.

Рис. 5. Площадь ледника Берель в 2016, 2019 и 2022 г.

Геодезия
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glaciers, but also the shortage of clean drinking water in the 
Central Asian region in the past couple of decades has been 
repeatedly raised in the republic. 
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