
Engineering Journal of Satbayev University 
Volume 147 (2025), Issue 2, 40-49 

© 2025. M.Е. Amirkhanov, Y. Zhakypbek, S.V. Tursbekov, T.B. Nurpeissova 

m.amirkhanov@satbayev.university; y.zhakypbek@satbayev.university; s.tursbekov@satbayev.university; t.nurpeissova@satbayev.university

Engineering Journal of Satbayev University. eISSN 2959-2348. Published by Satbayev University 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), 

which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

40 

https://doi.org/10.51301/ejsu.2025.i2.06 

Comparative analysis of the state of desertification of the lands 

of West and East Kazakhstan 

M.Е. Amirkhanov, Y. Zhakypbek*, S.V. Tursbekov, T.B. Nurpeissova 

Satbayev University, Almaty, Kazakhstan 

*Corresponding author: y.zhakypbek@satbayev.university

Abstract. The study performs an analysis and comparison of two completely different, but in some cases similar regions of 

West and East Kazakhstan. The influence of climate data changes, soil structure and its sensitivity on desertification in Ka-

zakhstan over the decades of the 2000s, 2010s and from 2020 to 2024 is described using the example of West and East Ka-

zakhstan. The author compared and detected that the soil types: Zg, XI, So, WR and KI are found both in the West and in the 

East of Kazakhstan exposed to degradation of soil structure. Climatic parameters, such as the temperature of the area fixed 

range between 3.6-4.9°С, humidity change significantly, all the time within 64% and 77%, and precipitation in different time 

periods changed from 416 mm to 605 mm. Using remote sensing data, the author analyzed changes in the natural environment, 

created visualizations and 3D modeling during the monitoring process. Thus, a set of existing research papers, statistical in-

formation and own experience were presented, since in the course of the work the results of scientific research on desertifica-

tion were presented. The results of the study showed that there is an accelerated process of land desertification in Kazakhstan. 

Keywords: desertification, climate, temperature, humidity, precipitation, remote sensing, monitoring. 

Received: 06 January 2025  

Accepted: 15 April 2025 

Available online: 30 April 2025 

1. Introduction

Desertification is the process of transforming fertile land 

into desert or semi-desert. This phenomenon occurs due to 

various factors such as climate change, improper agriculture, 

overgrazing, deforestation, the use of chemical fertilizers, 

and other human and natural impacts. As a result of desertifi-

cation, soil fertility is lost, water quality deteriorates, and 

biodiversity decreases, which can lead to economic and so-

cial problems, especially in rural areas.  

Before starting a study, it is necessary to find the differ-

ences and understand what desert and desertification mean, 

and in what ways they differ. Desertification and desert are 

two concepts that are often confused, but there are important 

differences between them. Desert is a natural ecosystem 

characterized by extreme climatic conditions (hot or cold, 

dry), where there is little precipitation and vegetation is lim-

ited. Deserts have a specific landscape, such as sand dunes, 

rocky plains, rare plants and species of flora and fauna 

adapted to arid conditions. Desertification is a process of 

land degradation, during which fertile territories lose their 

properties and become unsuitable for agriculture or life. This 

phenomenon can occur due to various factors, including 

climate change, land misuse, deforestation, or intensive cattle 

breeding. This phenomenon includes soil degradation, water 

loss, and deterioration of plant growth conditions. Desertifi-

cation can occur in different climatic zones, not necessarily 

in actual deserts. Thus, a desert is a stable ecosystem, and 

desertification is a process that can affect even areas that 

were once green or fertile. The process of desertification is 

most often observed in arid and semi-arid areas, where the 

preservation of fertile soil and access to water resources are 

key factors in agricultural activity and population viability. 

The process of desertification is related to soil sensitivity and 

ecological vulnerability [1]. Ecological soil degradation 

occurs in ecologically vulnerable areas, and ecological sensi-

tivity factors and ecological exposure factors are the basic 

elements for assessing ecological vulnerability [2].  

The Republic of Kazakhstan is the largest landlocked 

country in the world that does not have direct access to the 

World Ocean. Most of the country's territory is desert – 44% 

and semi-deserts – 14%. Steppes occupy 26% of the area of 

Kazakhstan, forests – 5.5%. There are 8.5 thousand rivers in 

the country. The northeastern part of the Caspian Sea is in-

cluded in the republic borders. The Aral Sea is divided be-

tween Kazakhstan and Uzbekistan. There are 48 thousand 

large and small lakes in Kazakhstan. The largest of them are 

Balkhash, Zaysan and Alakol. The remoteness from the 

oceans determines the sharp continental climate of the coun-

try which means ecological sensitivity is mainly reflected by 

desertification sensitivity [3]. The higher the desertification 

sensitivity is, the greater the risk of land desertification. The 

phenomenon of soil structural degradation and desertification 

has been actively expressed in Kazakhstan since the 1960s, 

and attention should be paid especially to the Western part of 

Kazakhstan, the Caspian region [4]. 
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In 1994, the United Nations Convention to Combat Des-

ertification (UNCCD) was adopted, which is the main inter-

national legal instrument aimed at combating desertification 

and land degradation. The signatory countries committed to 

develop and implement national and regional plans to pre-

vent desertification, restore degraded lands, and use sustain-

able land tenure and agriculture.  

Kazakhstan became a party to the United Nations Con-

vention to Combat Desertification (UNCCD) on December 

30, 1997. On July 7, 1997, Kazakhstan took part in this pro-

cess and presented its National Action Program in the form 

of the state program «Combating desertification in the Re-

public of Kazakhstan for 2005-2020» with a three-stage list 

of main goals and objectives [5].  

The susceptibility of the soil to desertification is its ten-

dency to degradation in conditions of lack of moisture and 

vegetation, which leads to loss of its productivity and trans-

formation into desert or semi—desert areas. This process 

depends on a complex of factors, both natural and anthropo-

genic. Here are the main points that affect the susceptibility 

of the soil to desertification: 

Climatic conditions. Low humidity: the main factor con-

tributing to desertification is lack of precipitation. Soils in 

arid and semi-arid areas (such as Central and Western Ka-

zakhstan) are susceptible to erosion and degradation, espe-

cially if precipitation does not compensate for moisture 

evaporation. High temperature: Intense heat also accelerates 

the evaporation of moisture from the soil surface, which can 

lead to deterioration of its structure and loss of organic mat-

ter. Republic of Kazakhstan makes up about 179.9 million ha 

or 60% of its territory, mostly in desert, semi desert and 

steppe zones. Almost all the administrative regions suffer 

from desertification which shown in Figure 1 [6]. 

 

 

Figure 1. Driving types of desertification in Kazakhstan 

Type of soil. Sandy and sandy loam soils: These soils 

have a low ability to retain moisture, which makes them 

particularly vulnerable in arid conditions. They are easily 

destroyed by wind (wind erosion) and water. Clay soil: Alt-

hough such soils retain moisture better, they can be subject to 

water erosion and waterlogging if the correct water balance 

is not maintained. A Loamy soil: They are more stable, but if 

mismanaged (for example, excessive arable land or intensive 

grazing), they can also degrade. 

The presence of vegetation: Vegetation plays a key role 

in protecting the soil from erosion. The presence of grass 

cover and shrubs helps to retain moisture and prevent the 

removal of the topsoil. If vegetation is destroyed (for exam-

ple, because of uncontrolled grazing or agricultural activi-

ties), the soil becomes vulnerable [7].  

The root system of plants helps strengthen the soil, im-

proving its structure and ensuring water retention. 

Anthropogenic factors. Excessive farming: Frequent till-

age without observing crop rotation and without applying 

organic fertilizers can lead to a decrease in organic matter 

and deterioration of soil structure. This, in turn, increases the 

susceptibility of the soil to desertification. Pasture pressure: 

Overgrazing destroys vegetation cover and compacts the soil, 

which reduces its water retention capacity and promotes 

erosion. Disturbance of the water balance: Changes in the use 

of water resources (for example, irrigation without consider-

ing soil characteristics) can lead to soil degradation through 

salinization or an increase in the groundwater level [8]. 

Soil degradation. Erosion: Soils exposed to strong wind 

or rain lose their upper fertile layer. This can lead to a loss of 

soil structure and deterioration of its fertile qualities. Salt 

stress: In arid areas where there is high evaporation and lack 

of precipitation, salt deposits can accumulate on the soil 

surface, making it less suitable for plant growth. An absence 

of organic matter: The lack of organic matter reduces the 

soil's ability to retain water and nutrients, making it more 

vulnerable to degradation and desertification. Soils with a 

disturbed structure (for example, compacted or with a low 

content of organic matter) lose their ability to retain water 

and air, which contributes to their degradation and increased 

susceptibility to desertification. 

Soil sensitivity is its ability to respond to various impacts, 

such as climate change, agricultural stress, or pollution. One 

of the main factors affecting soil sensitivity is the type and 

structure of the soil: Different types of soils (for example, 

sandy, clay, loamy) have different water retention and aera-

tion capacities. Soils with a fine-grained structure (for exam-

ple, clay soils) may be more sensitive to changes in humidi-

ty, while sandy soils may dry out faster, making them sensi-

tive to droughts. To obtain a systematic analysis of the soil 

structure, it is necessary to understand in detail the soil struc-

ture of Kazakhstan [9]. 

The natural zones of Kazakhstan successively change 

from North to South: from forest-steppes to deserts, and it is 

shown in Figure 2. 

 

 

Figure 2. Map of natural zones, subzones of altitude zones of 

Kazakhstan in 2023 

Forest steppe. A small area of the northern part of the 

country. This zone is characterized by a flat land surface with 

lowlands. This territory consists of two types: (1) – forest-

steppe and mixed (Kolochnaya) steppe of plains; (2) – forest-

steppe of Low Mountains. 
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Steppe. They occupy almost a third of the country's terri-

tory. The climate is more severe than in the forest-steppe: 

precipitation is much less in summer, and the average tem-

perature in July varies from +18°C in the northern regions to 

+23°C in the southern regions. The steppe zone with white 

and green consists of: (3) – arid steppes; (4) – srid steppes 

and forests of low mountains. 

Yellow and white-orange color territories cover semi-

deserts zones. Semi-Deserts are the intermediate zone between 

the steppe and deserts. The climate is dry and hot in summer, 

cold in winter: (5) – dry steppes; (6) – desolate steppes. 

Deserts. They occupy a wide strip from 500 to 700 km, 

stretching from the Caspian Sea to the foothills. They are: (7) – 

northern deserts; (8) – middle deserts; (9) – southern deserts. 

In the mountainous regions of Kazakhstan, the change of  

natural zones is determined by the change in altitude: (10) –

desert basins. Upland plains and foothills: (11) – steppe foot-

hills; (12) – desert of the north Tianshan type; (13) – desert 

of the central Asian type.  

Mountains: (14) – Tarbagatai-Sauro-Altai belt types; 

(15) – Dzungaro-North Tien Shan belt types; (16) – Karatai-

Western Tien Shan belt types. High-altitude zones influence 

the development of nature. The change in altitude leads to 

alternation of natural zones and changes in vegetation and 

climate [10]. 

The study of desertification of the lands of Kazakhstan is 

conducted to study the causes and extent of this process, as 

well as to prepare measures for its prevention and manage-

ment. The study process is based on data from East Kazakh-

stan, which is one of the regions of the country with the most 

affluent and rich in water resources in the region of the Re-

public of Kazakhstan, where desertification is beginning, and 

special attention is being paid to this issue [11]. 

Desertification is a serious problem in Kazakhstan, as 

most of the country is in a semi-desert and desert zone. 

Sources of desertification in Kazakhstan include unstable 

land use, irregular use of agricultural land, climate change 

and insufficient conservation.  

The problem of desertification of lands in the Caspian re-

gion West Kazakhstan is one of the most pressing problems 

of Ecology and agriculture in the region. In many areas of the 

region, soil cover and access to plant nutrients are deteriorat-

ing due to land cover destruction and soil erosion. The Cas-

pian region is one of the most dynamic regions on the planet. 

Its condition is greatly influenced by a combination of natu-

ral and anthropogenic factors. 

Desertification in Atyrau and Mangystau regions is an 

urgent problem faced by Kazakhstan, requiring an integrated 

approach and long-term solutions. Effective management of 

water resources, the introduction of sustainable agricultural 

practices and the conservation of natural ecosystems will 

help mitigate the effects of this process and ensure the sus-

tainable development of the region (Figure 3).  

The interrelation of the desertification process in the Cas-

pian region and East Kazakhstan is a complex ecological 

process that can be considered in the context of common 

climatic, hydrological and anthropogenic factors affecting 

both regions. Despite the difference in geographical location 

(the Caspian region is in the west of Kazakhstan, and East 

Kazakhstan is in the east of the country), there are several 

key factors of interconnection between these regions, includ-

ing through climate change, water resources, and the impact 

of human activity.  

 
(a) 

 
(b) 

Figure 3. Soil type structure of Atyrau and Mangystau re-

gions: (a) – tyrau region consists: Ds – Podzoluvi soils;  

Jc – Calcaric Fluvisols; Je – Eutric Fluvisols; K – Kastaznozems; 

KI – Luvic Kastanozems; Oe – Eutric Histosols; Sg – Gleyic Solo-

netz; So – Orthic Solonetz; WR – Planosols; Xh – Haplic Xero-

sols; XI – Luvic Xerosols; Z – Solonchaks; Zg – Gleyic Solon-

chaks; Zo – Orthic Solonchaks; Yk – Calcic Yermosols;  

Z – Solonchaks [12] 

Although East Kazakhstan is generally less dependent on 

rivers, current water supply problems and declining water 

resources in the Caspian region (including due to changes in 

the Caspian Sea level) may affect overall approaches to the 

use of water resources in Kazakhstan. A decrease in water 

resources in one part of the country may increase competi-

tion for water and worsen problems in other regions. 

Increased soil salinity, erosion, and deterioration of water 

quality are common problems both in the Caspian region and 

in some areas of Eastern Kazakhstan. Both regions are expe-

riencing changes in vegetation and wildlife due to climate 

change and economic activity. The impact of ecosystem 

changes in one region may have an indirect impact on eco-

systems in another region if there are natural links between 

them, such as animal migration routes or water flows. 

The process of desertification in the Caspian region and 

Eastern Kazakhstan is closely linked through climate change, 

water resources and anthropogenic factors. Although each of 

these regions has its own characteristics, common problems 

such as land degradation, water stress, and ecosystem degra-

dation require comprehensive solutions and coordinated 

efforts at the national level to mitigate them and prevent 

further environmental degradation [13]. 

2. Materials and methods 

Desertification is the degradation of land in arid, semi—

arid and dry sub-humid areas caused by climate change and 

anthropogenic activities. Remote sensing plays a key role in 

identifying, monitoring, and predicting this process. Monitor-

ing of desertification by remote sensing of the Earth in the East 

Kazakhstan region is an important component of the manage-

ment of Natural Resources and environmental protection in 

this region. Remote sensing is a method that uses satellite data 

to study and analyze changes in the Earth's surface. 
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In recent decades, climate change has increasingly affect-

ed ecosystems and agriculture around the world. The vulner-

able ecosystem of East Kazakhstan, faced with the problem 

of desertification, requires special care. Global warming, 

changes in precipitation and other aspects of climate change 

have a serious impact on this region, leading to irreversible 

consequences for nature and humans. In this article, we will 

consider the impact of climate change over decades from 

2000s to 2020s on the desertification of Eastern Kazakhstan 

and possible ways to solve this problem. 

East Kazakhstan region located in the eastern part of the 

country. It occupies an area of 97800 sq kilometers on the 

soils of mountainous areas and areas with sandy and unde-

veloped soil. Geographical coordinates of researched region 

at 48°52'54.98" between 48°31'44.43" north latitude and 

82°51'56.43" east longitude between 83°31 '46.61" [14]. 

In this research paper, special attention should be paid to 

the soil structure of the region under study, because the soil 

composition and soil structure have a significant impact on 

the processes of desertification. Soil degradation leads to a 

decrease in its productivity, deterioration of the water 

balance and, ultimately, to the expansion of desert areas.  

The soil structure of East Kazakhstan is a way of 

organizing and combining soil particles (sand, silt, and clay) 

into aggregates of various shapes and sizes. It affects water 

permeability, aeration, fertility and soil resistance to erosion 

and it is shown in Figure 4. 

Soils with a low humus content (less than 1%) are less re-

sistant to erosion, as organic matter plays an important role 

in retaining moisture and nutrients. Salt marshes (Solon-

chaks) and saline soils: Salinization of the soil reduces its 

fertility and prevents vegetation growth, which accelerates 

the process of desertification. In arid regions, improper irri-

gation and evaporation lead to the accumulation of salt on the 

soil surface. This phenomenon can be seen under the Zg 

indicator (Gleylic solonchak). 

 

 

Figure 4. Soil type structure of East Kazakhstan: Ch – Haplic 

Chernozems; Ds – Podzoluvi sols; Gl – Glaciers; Ge – Eutric 

Gleysols; Gm – Mollic Gleysols; I – Lithosols; Je – Eutric Fluvi-

sols; Kh – Haplic Kastanozems; KI – Luvic Kastanozems;  

Oe – Eutric Histosols; Sm – Mollic Solonetz; So – Orthic Solo-

netz; WR – Planosols; XI – Luvic Xerosols; Y – Yermosols;  

Yh – Haplic Yermosols; Zg – Gleyic Solonchaks  

The East Kazakhstan region has a sharply continental 

climate with large differences in seasonal and daily tempera-

tures. Summers are hot and moderately dry, and winters are 

cold and snowy. The average temperature of the winter 

months, from -12°C to -15°C, in the foothills of Altai -9°C to 

-11°C. However, with the attack of arctic air masses, the 

temperature can drop to -42°C. The average maximum tem-

perature in July is from +25°C to +30°C. The maximum 

summer temperature can reach the +45°C mark. The average 

annual level of precipitation is from 300 to 600 mm, in the 

mountains-about 900 mm, in some places up to 1500 mm. 

The climate of the region is sharply continental, with a 

large daily and annual amplitude of air temperature. The aver-

age temperature in January is -17°C, July +21°C, precipitation 

covers 300 mm per year. The average annual wind speed is 

2.3 m/s, the average annual air humidity is 66% [15].  

There are two main reasons why the phenomenon of des-

ertification occurs. They are natural and anthropogenic. As a 

natural factor, the indicator of seasonal drought and the 

amount of precipitation is less than normal. And the anthro-

pogenic factor, that is, the reason that arose from the activi-

ties of mankind, is the misuse of land plots within the 

framework of economic activity agriculture. Overgrowth and 

improper distribution of pastures and land resources, uncon-

trolled use of land for growing crops, and soil contamination 

with toxic substances. 

The methodology for studying the phenomenon of deser-

tification of the lands of East Kazakhstan will consist of the 

following indicators. Indicators of climatic characteristics of 

Kazakhstan (Statistical information) and state of land cover 

of the territory of Kazakhstan (Vegetation conditions and 

migration of sand dunes). 

The average and maximum decennial height of snow 

cover in winter (Tables 1, columns 1 and 2) are calculated 

based on daily monitoring of the height of snow cover in-

stalled in an open area within the locality. According to these 

data, the average decade of snow cover was determined. 

From them, the maximum values were selected for each 

winter, according to which the average values of the largest 

and maximum values for the control period of at least 40 

years were found. The maximum daily height (Table 1, col-

umn 3) is determined as the largest of the values of the max-

imum height of snow cover for the year, obtained because of 

field surveys of snow cover, which are carried out on the last 

day of each decade. Snow shooting data is an average of 100 

measurements on a route of one to two kilometers. 

Table 1. Snow precipitation indicator, 2020s [16] 

City/town/place 

Snow cover, cm Duration 

of the 

onset of 
stable 

snow 

cover, days 

Average for the 
largest decade 

of winter 

Maximum of 
the largest 

decade 

Maximum 

daily amount 
of winter on 

the last day 

of the decade 

East Kazakhstan 

Zaysan 26.2 73.0 69.0 136.0 

Katon-Karagay 26.9 89.0 48.0 160.0 

Ust-Kamenogorsk 57.4 104.0 - 147.0 

Shemonaikha 49 83 85 151 

 

Duration of permanent snow cover (Table 1, Column 4). 

Defined as the average of the annual periods of stable snow 

cover. The period of formation of snow cover is determined 

between the date of formation of permanent snow cover, 

when the visible area of the meteorological station is covered 

with more than 60% snow, and the date of disappearance of 

permanent cover, when the degree of environmental cover is 

less than 60%. In addition, snow cover is considered stable if 

it is maintained for at least 30 days in a row with breaks of 

no more than three days. 
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The least precipitation in East Kazakhstan falls in Sep-

tember. The average for this month is 29.5 mm. At the same 

time, most precipitation is observed in November. The level 

and amount of precipitation affects the vegetation of area. 

Visual information can be seen in Figure 5. 

 

 

Figure 5. Average amount of precipitation in East Kazakh-

stan, 2020s 

As a factor contributing to climatic indicators, we can use 

humidity and temperature indicators of the region between 

certain periods of time. Humidity is the concentration of 

water vapor in the air. Humidity changes depending on the 

temperature and pressure in the controlled system. The same 

amount of water vapor leads to an increase in the relative 

humidity of cold air compared to warm air. 

Air temperature is one of the thermodynamic parameters 

of the state of the atmosphere. Air temperature is an indicator 

of a quantity that indicates the degree of its heating. Air 

temperature is one of the most variable indicators of the state 

of the atmosphere.  

Remote sensing of the earth is a set of technologies that 

allow obtaining, processing and interpreting information 

about objects on the earth's surface without physical contact. 

The specific goals of a scientific study should include the 

following points: Study and analysis of the dynamics of 

changes in vegetation and soil cover in the East Kazakhstan 

region based on the analysis of remote sensing data over the 

past decades, assessment of the impact of natural and anthro-

pogenic factors on the desertification process in this region, 

determination of optimal remote sensing parameters for ef-

fective desertification control, development of recommenda-

tions and strategies for combating desertification in this re-

gion based on the results of research and analysis of remote 

sensing data [17]. 

To study climate indicators in the region, control work 

can be carried out using indicators for several years free of 

charge through the POWER Data Access Viewer platform. 

In order to study climate indicators in the region, control 

work can be carried out using indicators for several years 

free of charge through the POWER Data Access Viewer 

platform. Power Data Access Viewer is a web—based GIS 

tool that allows you to see and explore various variables 

related to renewable energy sources anywhere around the 

world. The tool is provided as part of NASA's World Energy 

Resources Forecast (POWER) project. Using Power Data 

Access Viewer provides access to daily averaged data for 

specific date ranges and parameters for a single location, 

view interactive charts and data tables, download various 

tabular and geospatial file formats, access climate datasets 

for the entire globe and generate custom climatological re-

ports and single point data [18]. The results of the research 

on the project are provided in the form of interactive maps, 

through applications and data services that describe meteoro-

logical conditions, solar radiation and other information, and 

show how these resources can change over time. 

Spatial analysis makes it easier to answer many ques-

tions, including those related to renewable energy sources. 

Under GIS, NASA's solar and meteorological data can be 

placed on a single smart card along with socio-economic 

data, energy network data and other infrastructure. Thus, 

modern GIS software helps to bring clarity to the complex 

tasks of renewable energy, helping to understand the huge 

volumes and variety of data, showing an accurate picture of 

current conditions and providing users with the opportunity 

to model and simulate strategies [19]. Since the POWER 

Project was launched 20 years ago, in 2002, with the aim of 

making surface energy measurements available, it has seen a 

huge increase in the amount of data it collects and the set of 

answers it can offer, as well as the communities it serves. 

As people around the planet explore this area more close-

ly and invest in capturing solar and wind energy, they will 

study and apply Earth observation materials made by NASA 

from space. These NASA observations are free and accessi-

ble to everyone, they help us better understand how the com-

plex systems of our planet work. After all, we are all astro-

nauts on a small spaceship called Earth [20]. 

POWER Regional Data Access Viewer platform 

https://power.larc.nasa.gov/data-access-viewer/ temperature 

and humidity indicators in the territory of the East Kazakh-

stan region are monitored and analyzed. With a primary data 

library, you can download and edit the average air tempera-

ture and air humidity data for each month for 12 months of 

each year on Microsoft Excel.  

According to the data downloaded through the POWER 

Data Access Viewer platform, average air temperature indi-

cators were available. The lowest air temperature in the 20-

year period between 2000s and 2020s is -14°C, recorded in 

2000s in the Altai District of the East Kazakhstan region. 

The highest temperature in 2012 in Urdzhar District of East 

Kazakhstan region was recorded at +36°C. The area that 

showed the highest air humidity in East Kazakhstan region 

between 2000s and 2020s is Glubokovsky, in 2000s. The 

lowest air humidity in Ayagoz district in 2020s. 

One of the methods of studying desertification through 

climate research is the analysis of long-term climate data, 

such as data on temperature, precipitation, humidity and other 

parameters. By analyzing such data, scientists can identify 

climate change trends in a particular area and determine 

whether desertification is occurring there. Another method of 

studying desertification through climate research is the mod-

eling of climatic conditions using special computer programs. 

Using such models, scientists can assess the impact of various 

factors, such as greenhouse gas emissions, land-use changes, 

etc., on the desertification process. Also, special research 

expeditions to deserted and desolate areas are conducted to 

study desertification with the help of climate research. As part 

of such expeditions, scientists collect data on climatic condi-

tions, soil composition, vegetation and other parameters, 

which help them better understand the processes of desertifi-

cation and develop measures to prevent it.  

Thus, methods of studying desertification through climate 

research allow scientists to obtain valuable data on climatic 

conditions in desertification areas and develop effective 

strategies to combat this global problem phenomenon. 
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3. Results and discussion 

The processing of remote sensing of the Earth has recent-

ly been increasingly closely integrated with Geographic 

Information 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 Data Access Viewer platform provides access to cli-

mate data obtained through Earth remote sensing. In this 

research work, the necessary parameters, such as weather 

stations or geographical areas, were selected using the plat-

form, and the corresponding climate indicators from 2000s, 

2010s and 2020s of East Kazakhstan were obtained. The 

platform's interface allowed us to visualize data and export it 

for further analysis. To obtain climate data through Data 

Access Viewer, the parameters of interest were set, such as 

time range (2000s, 2010s and 2020s), geographical location 

(East Kazakhstan), and data type (Temperature, humidity). 

After that, the platform provided access to the relevant data 

sets, which can be viewed directly on the website or down-

loaded for further processing. 

To obtain climate data through the Data Access Viewer, 

users need to specify parameters such as the time range, 

geographic location, and data type. After that, the platform 

provides access to the corresponding datasets, which can be 

viewed directly on the website or downloaded for further 

processing. The obtained climate data of East Kazakhstan for 

2000s, 2010s and 2020s from Power NASA Data can be seen 

in Figure 6. 

 

Figure 6. The obtained climatic data of East Kazakhstan for 

2000, 2010 and 2020 from the Power NASA Data 

According to obtained data from Power NASA Data, the 

average annual temperature for period 2000-2024, across 

East Kazakhstan was + 4.37°С, which is 1.73°С higher than 

the climate norm for period 1991-2000 [21]. In East Kazakh-

stan, temperature in three difference decades showed these 

numbers: the first decade from 2000 to 2009 is 4.71°С, the 

second decade from 2010 to 2019 is 3.56°С, and the third 

period from 2020 to 2024 is 4.85°С. Average temperature 

data for East Kazakhstan showed in Table 2. 

As a digital method, thematic maps have been prepared 

for visual display of temperature and humidity indicators. 

Figure 7 below is a map showing the average air average 

temperature of the East Kazakhstan region for two decades 

2000s, 2010s and 2020s.  

Table 2. Average temperature (°С) indicator for decades 2000s, 2010s and 2020 [21] 

Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann 

2000-2009 -11.8 -8.9 -7 5.7 15.3 20.6 22.6 18.8 12.2 5.1 -4.9 -11 4.71 

2010-2019 -13.7 -9.8 -6.2 5.1 14.1 18.2 19.8 16.9 10.8 4.5 -5.7 -12.3 3.56 

2020-2024 -14.8 -11.3 -8.5 6.3 16.1 21.2 23.4 19.5 13.6 6.2 -4.4 -9.8 4.85 

Table 3. Average air temperature (°С) value indicators from 1 to 9 for decades 2000s, 2010s and 2020 

Period 1 2 3 4 5 6 7 8 9 

2000s -12 -7 -4 0 +5 +10 +17 +22 +25 

2010s -10 -5 -2 0 +3 +7 +13 +19 +23 

2020-2024 -12 -7 -3 0 +4 + 9 +16 +21 +27 

 

 

Figure 7. Map of the two-decade average temperature 

indicator of the East Kazakhstan 

We got access to the data formed by the physical struc-

ture of the region, the terrain and the location of hydrograph-

ic objects. From the English «Value» - The Value Indicator 

is divided into 9 categories.  

The average air temperature from 1 to 4 in the blue color is 

low, usually these values indicated from negative to positive 

Celsius (°С) and indicators from 6 to 9 characterize these 

regions as high and showed positive Celsius (°С). The value of 

5 characterizes the relatively average value and equals to 0°С. 

Figure 8 below is a Thematic Map showing the average 

humidity of the East Kazakhstan region for two decades 

2000s, 2010s and period 2020s. Label «Value» - The Value 

Indicator consists of 9 categories. In this method, Blue was 

used as a «working color». The thickening of the blue color 

and their increase in values from 1 to 9 characterize an 

increase in the average air humidity indicator. As you move 

from the Altai and Saur-Tarbagatai mountains to the 

Balkhash-Alakol lowlands in the south-west of the region, 

the humidity indicator decreases. 

According to thematic maps, there is a logical relation-

ship between the average humidity and air temperature. In 

the territories of Gorno-Altai, Katon-Karagai and Glubokov-

sky, which have hydrographic resources, temperature indica-

tors are low, and humidity is high. 
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Figure 8. Map of the average humidity indicator of the East 

Kazakhstan for two decades 

Unlike the temperature, which usually varies significantly 

between day and night, the dew point tends to change more 

slowly, so although the temperature may decrease at night, a 

wet day usually gives way to a wet night. The perceived 

humidity level in East Kazakhstan, measured as the 

percentage of time during which the level of humidity 

comfort is characterized as damp, stuffy or heavy, does not 

change significantly throughout the year, always remaining 

within 46% and 77%. 

You can build a visual model of the humidity indicator 

using the ArcScene application of the ArcGIS software. In 

general, the studied goal and the 3D model on the target will 

help to correctly analyze the result visually. The higher the 

humidity index, the less likely the soil will degrade and the 

area will become desaturated. East Kazakhstan region 

according to the humidity indicator 2000s,2010s, and 2020s 

the 3D model is shown in Figure 9. 

 

 

Figure 9. 3D model of humidity in East Kazakhstan 

Depending on the operating architecture, humidity values 

occupy a place between categories 1 and 9. As the values 

increase, one can observe a change in the model. The prima-

ry data obtained during processing must undergo the process 

of «reclassify», that is, reclassification or reclassification. 

Low levels of precipitation and high evaporation of 

humidity lead to water scarcity and increased desertification 

processes. As a result, insufficient water resources negatively 

affect the survival of plants on earth and the soil loses its 

stability by degrading and turning into sand. 

According to the above data, an increase in air tempera-

ture in the summer season from +35 to +43°C leads to 

drought, evaporating water from the soil. The drying of the 

soil, in turn, leads to a decrease in fertility and the growth of 

desert areas. 

The East Kazakhstan region is in the central part of Ka-

zakhstan and is one of the driest and hottest regions in the 

country. The influence of temperature and humidity indica-

tors plays an important role in the desertification process in 

this area. 

High temperatures are one of the main factors affecting 

the desertification of the East Kazakhstan region. Summer 

temperatures in the area can reach 40-45 degrees Celsius, and 

this strongly affects the evaporation of water from the soil, 

contributing to dryness and drought. Desiccation of the soil, 

in turn, leads to a decrease in fertility and the growth of de-

sert areas. 

Humidity is another important indicator affecting deserti-

fication. The East Kazakhstan region is characterized by low 

humidity, especially air humidity. Low precipitation and high 

evaporation of moisture lead to water scarcity and increased 

desertification processes. As a result, in the absence of suffi-

cient water, plants cannot survive and the soil loses its stabil-

ity, becoming sandy. 

The combination of high temperature and low humidity 

affects the formation of sand dunes (dunes), which are 

moved by the wind. This gives the phenomenon of desertifi-

cation an additional boost because moving sand dunes makes 

it difficult for plants to grow and reduces soil fertility. Infor-

mation about the migration or displacement of sand dunes 

will be described in the next chapter. 

Thus, climatic indicators high temperature and low 

humidity are one of the main causes of desertification in the 

East Kazakhstan region. This causes a decrease in soil 

fertility, an increase in desert areas (dune) and their 

migration. All these points have a negative impact on the 

socio-economic and environmental spheres of the region, 

such as ecosystems and agricultural activities. 

4. Conclusions 

The study of desertification of the lands of the West and 

East Kazakhstan region by the remote sensing method is a 

scientific study that has significant scientific novelty and 

practical value.  

In research case it is important to able to properly clarify 

difference between «Desert» and «Desertification». Desert is 

a stable ecosystem, especially 40% territory of Kazakhstan, 

and desertification is a process that can affect even areas that 

were once green or fertile. Process of desertification clearly 

identified in the West Kazakhstan. There are several reasons 

for occurring desertification process. 

Studies have revealed that parameters such as the soil 

structure of the area, the level of sensitivity of the soil cover 

plays an important role in the process of degradation and the 

occurrence of desertification. The sensitivity of the soil of the 

studied area depends on its structure. A comparative analysis 

was made for two different areas of Caspian Sea region West 

and mountain East Kazakhstan, in individual areas there are 

types of soils that are susceptible to structural degradation. 

Soil types as: Zg (Gleyic Solonchaks), XI (Luvic Xerosols), 

So (Orthic Solonetz), WR (Planosols) and KI (Luvic Kas-

tanozems) are found both in the West and in the East of Ka-

zakhstan. According to the logical structure of the work, it 

can be recorded that the phenomenon of soil degradation 

occurred precisely in these areas. 
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The climatic indicators of the studied territories are an-

other important parameter for identifying any process to 

logically substantiate whether there have been changes on the 

surface of the land cover. Climate data includes the average 

annual air temperature, humidity, and precipitation over the 

past 24 years from 2000 to 2024. By monitoring statistical 

data and fixing numbers using remote sensing and GIS, it 

will help to identify a pattern and get the desired result. It is 

clearly known that amount of precipitation in Western part of 

country is lower than in Eastern Kazakhstan. The average 

annual air temperature (+4.4°С) in Eastern Kazakhstan is 

lower than in the Western part of the country (+10.6°С). The 

lack of precipitation with 186 mm per year and high tempera-

tures in Western Kazakhstan leads at best to drought, and at 

worst to desertification. Meanwhile, the amount of precipita-

tion equals 416 mm per year in East Kazakhstan. Humidity 

can somehow offset the difference between the two regions. 

Humidity in the Caspian region makes the air «softer» with 

64% due to hydrography. The humidity index of Eastern 

Kazakhstan is 77%, as well as the height of the terrain from 

west to east, is increasing, as can be seen in Figure 9. The 

absence of mountains can also indirectly affect the occur-

rence of desertification. 

Remote sensing (remote sensing of the earth) is a method 

based on the use of special equipment and technologies that 

allow you to obtain information about the state and properties 

of the earth's surface by analyzing optical and infrared radia-

tion received by satellites or aircraft. The use of the remote 

sensing method in the study of desertification of the lands and 

find differences between West and East Kazakhstan region 

makes it possible to observe, analyze and evaluate changes in 

the natural environment in large areas with high spatial reso-

lution. This approach makes it possible to more accurately 

determine the boundaries and extent of desertification, as well 

as identify the factors and causes of this process. 

The scientific novelty of this study lies in the use of mod-

ern remote sensing methods and technologies to identify areas 

of desertification, analyze and assess its causes and conse-

quences. Moreover, this study can provide new data and 

knowledge about the factors contributing to desertification in 

this area, as well as suggest effective measures and strategies 

to prevent and eliminate desertification. The study of land 

desertification by the remote sensing method of the West and 

East Kazakhstan region can be of great practical importance 

for the development of environmentally sustainable land 

restoration strategies and plans, as well as for taking measures 

to protect the environment and preserve biological diversity. 

Thus, the study of desertification of the lands of the West 

and East Kazakhstan region by the remote sensing method is 

a significant scientific and applied work that can be of great 

practical importance and contribute to the development of 

effective measures to prevent and eliminate desertification. 
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Батыс және Шығыс Қазақстан жерлерінің шөлейттену жағдайын 

салыстырмалы түрде талдау 

М.Е. Амирханов, Ы. Жақыпбек*, С.В. Турсбеков, Т.Б. Нурпеисова 

Satbayev University, Алматы, Қазақстан 

*Корреспонденция үшін автор: y.zhakypbek@satbayev.university 

Аңдатпа. Зерттеу бір-бірінен өзгеше, бірақ кейбір жағдайларда ұқсас екі Батыс және Шығыс Қазақстанның 

аймағына талдау және салыстыру жүргізіледі. Климаттық деректердің өзгеруінің, топырақ құрылымының және оның 

өзгеру сезімталдығының 2000, 2010 және 2020-2024 жылдардағы Қазақстандағы шөлейттенуге әсері Батыс және 

Шығыс Қазақстан мысалында сипатталған. Автор екі аймақтың топырақ құрылымында деградацияға бейімделген: Zg, 

XI, So, WR және KI типтері кездесетіні тіркелді. Климаттық параметрлер, оның ішінде, аймақтың температурасы 3.6-

4.9°С аралығында өзгергені белгілі болды, ылғалдылық 64%-77%  шегінде болды және әртүрлі уақыт кезеңдеріндегі 

жауын-шашын мөлшерін салыстыра келгенде 416 мм-ден 605 мм-ге дейін өзгергені анықталды. Қашықтықтан зондтау 

деректерін пайдалана отырып, автор табиғи ортадағы өзгерістерді талдап, бақылау процесінде визуализациялар мен 

3D модельдеуді жасады. Осылайша, қолда бар ғылыми-зерттеу жұмыстарының жиынтығы, статистикалық мәліметтер 

және өзіндік тәжірибе ұсынылды, өйткені жұмыс барысында шөлейттену бойынша ғылыми зерттеулердің нәтижелері 

ұсынылды. Зерттеу нәтижелері Қазақстанда жерді шөлейттенудің жеделдетілген процесі жүріп жатқанын көрсетті. 

Негізгі сөздер: шөлейттену, климат, температура, ылғалдылық, жауын-шашын, қашықтықтан зондтау, 

мониторинг. 

Сравнительный анализ состояния опустынивания земель 

Западного и Восточного Казахстана 

М.Е. Амирханов, Ы. Жақыпбек*, С.В. Турсбеков, Т.Б. Нурпеисова 

Satbayev University, Алматы, Казахстан 

*Автор для корреспонденции: y.zhakypbek@satbayev.university 

Аннотация. В исследовании проводится анализ и сравнение двух совершенно разных, но в некоторых случаях 

схожих регионов Западного и Восточного Казахстана. На примере Западного и Восточного Казахстана описано 

влияние изменений климатических данных, структуры почвы и ее чувствительности на процесс опустынивания в 

Казахстане за десятилетия 2000-х, 2010-х годов и с 2020 по 2024 год. Автор сравнил и обнаружил, что типы почв: Zg, 

XI, So, WR и KI встречаются как на Западе, так и на Востоке Казахстана, подверженных деградации почвенной 

структуры. Климатические параметры, такие как температура воздуха в данной местности, фиксированно колеблются 
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в пределах 3.6-4.9°С, влажность существенно меняется, все время в пределах 64%-77%, а количество осадков в разные 

периоды времени менялось от 416 мм до 605 мм. Используя данные дистанционного зондирования, автор 

проанализировал изменения в природной среде, создал визуализации и 3D-моделирование в процессе мониторинга. 

Таким образом, был представлен набор существующих исследовательских работ, статистическая информация и 

собственный опыт, поскольку в ходе работы были представлены результаты научных исследований по 

опустыниванию. Результаты исследования показали, что в Казахстане наблюдается ускоренный процесс 

опустынивания земель. 

Ключевые слова: опустынивание, климат, температура, влажность, осадки, дистанционное зондирование, мо-

ниторинг. 
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