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Agricultural practices in Kazakhstan exert considerable pressure on the landscape, leading to environmental degradation, pastureland fragmentation, and biodiversity loss. Sustainable land management is crucial for balancing economic development and ecological preservation. This study assesses land conditions in the Zhanaarka region of Ulytau Oblast, Kazakhstan, focusing on climatic and anthropogenic impacts. Using Landsat 5 and 8 satellite imagery (2009, 2013, 2018), we evaluated land cover changes through NDVI analysis, climate factor assessment (temperature and precipitation), and GIS-based mapping. Pearson’s correlation and multivariate analysis were applied to identify relationships between vegetation dynamics and climatic variables, alongside anthropogenic influences such as land development and irrigation. Significant shifts in vegetation cover and land boundaries were observed over the study period. Multivariate analysis revealed no single climatic variable (temperature or precipitation) as a limiting factor for Normalized difference vegetation index (NDVI) changes. However, anthropogenic activities, including unsustainable land use, were key drivers of pasture degradation. The findings highlight the dominant role of human activities in land degradation, despite the region’s climatic vulnerabilities. The study underscores the need for integrated land-use policies to mitigate degradation and promote sustainable agricultural practices. Recommendations are provided to enhance resilience against climate change and anthropogenic pressures.
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1 INTRODUCTION
Global land use system has undergone significant transformations due to various processes such as increasing areas of housing and agricultural use (Foley et al., 2011; Chouari, 2024), and land degradation resulting from erosion, and desertification. As Usievich (2017) noted, about a quarter of the favorable lands were lost in the last century. The high development of livestock and agriculture in the twentieth century has increased the concern for reducing land degradation. Given the rapid development of land deforestation, countries face the challenge of significantly reducing per capita cultivation of land, while the pressure on them is constantly increasing (Gupta, 2019). According to a report by the United Nations Convention to Combat Desertification, over half of the world’s agricultural land is experiencing moderate to severe degradation, leading to a reduction in arable land (Vicente-Serrano et al., 2024). The United Nations’ projected scenario for the year 2025 shows that one in five people will be living on land that is vulnerable to drought. In 2017, more than 2 billion hectares of fertile land on Earth were degraded. By 2024, the rate of degradation is expanding by 1 m sq km worldwide. As shown in the report of the United Nations Convention to Combat Desertification (UNCDD), the rate of degraded land has already reached 15 million square kilometres (Watts, 2024). Land degradation has a negative impact on 3.2 billion people on the planet, and it is safe to say that there is not a single continent that is not affected by this problem (Health, 2018). The countries affected are those whose main activity is agriculture. Neglecting and shortening crop rotations and overuse lead to deterioration of soil quality, loss of organic matter, reduction of plants and limiting their growth. However, the impact of people’s lack of knowledge about environmentally sound land management and other factors that lead to degradation should also be noted (Kirby and Landmark, 2011).
This issue is also relevant to Kazakhstan, where 40% of the land is used for agriculture and has a high value of pastures, arable land and fodder markets for livestock feeding (Robinson and Petrick, 2024). Kazakhstan has a significant socio-economic impact from land degradation which has started from extensive agricultural expansion in the 1950s based on the Virgin Land Programme (Tselina) (Durgin Jr, 1962; Brezhnev, 1979; McCauley, 1976). According to recent studies, more than 75% of Kazakhstan’s land area is considered to be desertification-sensitive areas of moderate and higher sensitivity (Issanova et al., 2020), covering about 3.8% of the total land area, mainly distributed over seven oblasts in western, northwestern and south western Kazakhstan (Hu et al., 2020). Extensive and intensive human activities related to agriculture and livestock raising in the two main desertification zones in northern Kazakhstan have contributed to desertification to some extent. According to the “Sustainable management of pasture resources. Desertification and land degradation is a global problem” project pasture lands cover 188 million hectares (70%) of the area of the country. 77% of pasture is in the plains, 25% - is sand, 18% - low mountainous, foothills, and 5% - valley, lowlands. Due to the unreasonable land use and its climatic characteristics, ERA-NET supported programme RURAGRI has found that most of the land is threatened (country’s livestock per hectare index is 0.29). According to the study, the country has degraded land accounts for more than 15% of the country’s land area, i.e., 27.1 million hectares. This is mainly due to the system, which has been based on the free and unsystematic traditional way of grazing the livestock (Zhou et al., 2005; Kioko et al., 2012).
The study of landscape dynamics in arid regions is of particular importance for understanding the main threats that arise in arid ecosystems. Livestock farming contributes significantly to desertification, necessitating new approaches to land management to mitigate future food shortages threatening millions, particularly in developing countries, within one to two decades (Hamidov et al., 2016; Rahaman et al., 2021). This problem mainly affects cultivated and irrigated land, but grazing land must also be considered. In 2018, the natural pastures in Kazakhstan have counted around 180.4 million hectares, where more than 3% of them are improved, while around 60% are affected by waterlogging. This leaves a total of about 111.2 million hectares of land suitable for livestock grazing. Notably, more than 80% of livestock is concentrated in private herds, most of which graze within 5–7 km of settlements (Summary analytical report for 2017, 2018).
This work reflects the main issues raised in the XXI century agenda adopted by the 1992 UN Conference in Rio de Janeiro, and in the 2012 General Assembly resolution “increasing agricultural productivity… diversify, increase efficiency, achieve food security… minimizing threats to the ecosystem and transfer of environmentally sound technologies… including conservation and sustainable use,” SD Agenda for the period up to 2030, Laws of Kazakhstan and regional development plans.
Today, the Government of Kazakhstan is engaged in the development of the livestock sector with increased production volume, efficiency, and profitability. It is closely linked to the strategy of the Ministry of Agriculture of the Republic of Kazakhstan, which has a target of 15 million head of cattle, in part through the improvement of land quality (Vidyanova, 2021). Analysing previous studies, we concluded that all studies on the development of the agro-industrial complex (AIC) and regulation issues in Kazakhstan, conducted since independence of the country aimed to develop only an economic mechanism for resource management (Suimuhanov et al., 2019). A mechanism based on a combination of state regulation and market self-regulation (Lapova, 2013; Dulambaeva et al., 2014; Idrisova et al., 2017) pursuing a balanced price and financial and credit policy and creating a network of farms with the purchase of cattle (Umbitaliyev, 2013). As found in scientific databases the extensive research on Kazakhstan was focused on various aspects of climate’s impact on the agricultural sector (Islyami et al., 2020; Yu et al., 2020; Karatayev et al., 2022; Wang et al., 2022; Bolatova, 2023), the spread of drought (Sayat et al., 2025), the evaluation of land resources for crop cultivation (Shmelev et al., 2021), and mapping of abandoned agricultural lands using satellite remote sensing (Löw et al., 2015). Research on pasture resources and their degradation level also has been conducted, particularly in the Akmola region (Spaeth et al., 2025), West Kazakhstan Region (Nasiyev et al., 2022; Yesmagulova et al., 2023), Balkhash area (Lebed et al., 2012), Northern Kazakhstan (Stybayev et al., 2021) and other areas, except the Central Kazakhstan. It is worthy of note that a paucity of scientific research has been conducted on issues of agricultural land management, with particular attention paid to landscape features and their impact on the development of the agro-industrial complex of Kazakhstan. Furthermore, there has been a dearth of research conducted in central Kazakhstan.
With the development of industry, agriculture, and transport in Ulytau Oblast, where located case study region Zhanaarka, the problem of land degradation is growing. The Ulytau Oblast is an administrative division of Kazakhstan, situated in the country’s central region. The region receives minimal precipitation, rendering it susceptible to drought, which is the primary driver of severe land degradation. In recent years, the combined effects of climate change and human activities have resulted in alterations to the climatic and human factors that influence vegetation and the environment. The idea of the research lies in the assessment of pastureland in Central Kazakhstan in the example of Zhanaarka region, based on climate and space monitoring for the years 2009, 2013, and 2018. Evaluation of the land conditions needs identifying changes in land boundaries, NDVI vegetation indices, correlation calculation between different indicators and RS data. The use of ecological mapping for assessing land resources will enable the determination of the condition of agricultural land within the research area.
Specific agricultural and industrial regulations need to be implemented to prevent and manage land desertification. The desertification mapping framework developed in this paper can be applied in other regions globally. The findings regarding the driving factors of desertification offer valuable insights for government authorities in Kazakhstan.
2 MATERIALS AND METHODS
2.1 Study area
The Zhanaarka region of Ulytau Oblast was selected for the present study. It is located on the border of the Kazakh Uplands and the Bethpakdala Desert at 46°00′ to 49°22′ north latitude and to 70°07′ to 70°35′ east longitude (Figure 1).
[image: Figure 1]FIGURE 1 | Geographical location and topography of study area.
It should be noted that after the adoption of the Resolution of the Government of the Republic of 2022 the Karaganda region was divided into the Ulytau Oblast (Adilet, 2022). The reduction of the territory resulted from the transfer of the Zhanaarka and Ulytau Oblasts to the Ulytau Oblast. Data until 2022 corresponded to the territory of Karaganda Oblast in this respect. The geographical location and the vastness of the Ulytau Oblast explain the significant difference in climatic conditions. A continental and dry climate characterizes the area. Annual precipitation ranges from 130–310 mm. However, each district has relatively different indicators. For example, in the warm period in the northeast of the country, the average precipitation is up to 270 mm, while in the south (in the desert zone), it is only 65–80 mm.
The reason for choosing the area is livestock, which depends on climatic and physical-geographical characteristics. The study area is mainly comprised of desert, semi-desert, and mountainous regions. The territory of the region is in the mountainous part of the Saryarka and has a continental climate, which is characterized by cold and harsh winters and hot and dry summers. Zhanaarka Region is located in the mountainous, desert and semi-desert areas of the centre of Kazakhstan and has various features of land cover. The district accommodates numerous agricultural entities, comprising over 800 farms and several cooperatives. Currently, approximately 1.38 million hectares of pastureland are actively utilised, with around 72% remaining as reserve due to inactivity. This district was selected for the study as livestock production constitutes the primary agricultural activity in the area, influenced by its climatic and physiographic characteristics. The district encompasses extensive pasturelands, which comprise a significant portion of the total land area, estimated at approximately 6.2 million hectares, of which nearly 4.9 million hectares are designated as pastureland.
2.2 Data sources and data processing
Currently, to analyse the changes data collected from various data-sources. The ecological condition of the Zhanaarka region was evaluated based on the specific characteristics of vegetation cover, physical and geographical location, climatic data, and anthropogenic influence on the territory. In 2009, 2012 and 2018, maximum drought indicators were recorded in the territory of Kazakhstan, predominantly affecting these areas. In order to assess the state of land resources in the study region, these periods were selected in order to identify the relationship between the quality of vegetation cover and climatic impact. Space images for 2009, 2013 and 2018 were selected due to their quality and availability of data for the study region. Agricultural land use data of the Zhanaarka region for 2009 were analysed to determine the state of the land and its valuation, and characteristics of agricultural land in 2013 and 2018 with open data provided by the Statistics Committee of the Ministry of National Economy of the Republic of Kazakhstan (MNE RK). Climatic data such as a temperature and precipitation were obtained from three weather stations located in the research area from the site rp5.ru (http://rp5.kz). Landsat 7 and 8 images retrieved from the US Geological Survey (www.usgs.gov) with spatial resolution 30 m. Pearson’s Correlation was applied to determine between the main factors influencing the state of the land, i.e., temperature and precipitation. Framework for this study is shown in the Figure 2. Attribute information of datasets used in this study is presented in Table 1, which contains the information that was important for the study to be conducted.
[image: Figure 2]FIGURE 2 | Framework diagram for this study.
TABLE 1 | Dataset’s information used in the study.
[image: Table 1]The research was performed using the NDVI, which the is one of the indicator for assessing the condition of vegetation coverage (Huete et al., 2002; Löw et al., 2015). NDVI measures the quantity of photosynthetic active biomass (Tokareva, 2010). It is considered one of the most accurate indices to quantify vegetation cover. The NDVI formula assesses vegetation health by comparing the difference between the reflection of near-infrared (NIR) and red light (RED), normalized by their combined values. It indicates that the vegetation density (NDVI) at a given pixel is determined by dividing the difference between the reflected red and infrared light intensities by the sum of those intensities. NDVI ranges between −1 and 1; the NDVI values of some specific land use and land covers.
[image: image]
As for Landsat 5 bands 4 (NIR) and 3 (RED) and for the Landsat 8 bands 5 (NIR) and 3 (RED) separately.
The correspondence between the NDVI index and the land cover type (by quality and type of vegetation cover). It should also be noted that the greater the value of the infrared reflectance, the greater the value of the NDVI index, which also represent the “greenness” indicator with healthy canopy (Caccamo et al., 2011). This allows the analysis of the index to further determine the quality and type of vegetation.
Correlation analysis is another equally important method in the study of land degradation, which shows the impact of climate on one of the most important factors on land degradation. Pearson’s Correlation helps to compare one data object with another, attribute by attribute (Berman, 2016). The relationship is determined between the following factors: temperature, precipitation, and NDVI.
Correlation is the relationship between two variables (Filandysheva, 2015). The values range from −1 to +1, with +1 indicating a strong link and 0 a weak link (Table 2). A negative correlation coefficient indicates the opposite: the higher the value of one variable, the lower the value of the other. An absolute value of the coefficient of correlation can also characterize the strength of the link.
TABLE 2 | The correlation coefficient values ranges.
[image: Table 2]Using the previously mentioned methods, which include vegetation sensitivity analysis with NDVI, researchers construct maps of healthy vegetation. Based on these maps, they calculate the healthy vegetation status of the area, dividing it into three categories: healthy, transitional, and unhealthy vegetation types.
3 RESULTS AND DISCUSSION
3.1 NDVI trend and land-cover status
The vegetation conditions index by NDVI was calculated (Figure 3). Landsat 5 and 8 images were selected to analyse vegetation patterns in the study area. NDVI images of 2009, 2013, and 2018 were classified into three categories - healthy vegetation cover, unhealthy vegetation cover, and land with transitional vegetation for improved discrimination and analysis.
[image: Figure 3]FIGURE 3 | NDVI images of 2009, 2013 and 2018.
The analysis of vegetation conditions over the selected time period reveals that the NDVI index fluctuates. In order to identify the healthy vegetation cover in the Zhanaarka region was designed a map with highlighted (Figure 4).
[image: Figure 4]FIGURE 4 | Healthy vegetation of the Zhanaarka region for 2009, 2013, and 2018.
The images illustrate the condition of the land, which was particularly vulnerable to fluctuations in 2009 due to the lower temperatures recorded at all three weather stations. In 2018, an improvement in vegetation health resulted in a significant increase in the cattle population by approximately 40% and a noteworthy rise in the horse population of over 100%. The district possesses a considerable stock of forage, estimated at around 150,000 tonnes, which is sufficient to support livestock production. Yields fluctuate from small plots to 3 ha, contingent upon weather conditions, necessitating grazing in remote areas due to limited vegetation and the fragmentation of seasonal pastures. Farmers manage an area exceeding 1 million hectares of pastureland, whilst some non-state agricultural entities oversee several hundred thousand hectares.
Autumn pastures are extremely important for animal husbandry. During the autumn regrowth, the gross harvest increases, and the quality improves. During 9 years, land degradation increased by 1,502,900 ha, affecting the count of livestock (Table 3).
TABLE 3 | Status of land in the Zhanaarka region.
[image: Table 3]3.2 Impact of climate and livestock farming on land degradation
Climate is one of the important factors influencing degradation. As noted A correlation analysis using wind, precipitation, and NDVI data was carried out to determine the impact of climate in the study area. Similar work has already been carried out in regions of the west part of Kazakhstan (Kіshіbekova and Koshіm, 2016).
In the study area, a weak correlation is noted. The annual average of the correlation coefficient is generally very weak (Table 4).
TABLE 4 | Average annual correlation.
[image: Table 4]A correlation coefficient value below 0.5 indicates an insignificant impact of meteorological factors on land degradation. While climate plays a crucial role, in agricultural areas, climatic data are generally not the primary limiting factor for vegetation cover (Akhter and Afroz, 2024). Vegetation dynamics are also influenced by seasonal variations (Coetzee, 2022), while land cover and land use play a significant role in determining productivity (Guo et al., 2021; Zhang et al., 2021; Wei et al., 2022; Behifar et al., 2023). The results of the correlation and regression analysis indicate that neither high temperatures nor low precipitation were the primary drivers of land degradation in the study area.
The primary type of agricultural activity in the study area is animal husbandry which consist of 75%. As evidenced by the large number of farms (821), peasant farms, and other enterprises engaged in animal husbandry. Taking into account this factor and the location of this territory, which is situated at the intersection of the Kazakh Upland and the Betpak-Dala Desert, this also contributes to the low soil quality (fertility) and a scarcity of vegetative cover. The climate, terrain, soil type, and grazing vegetation greatly impact livestock husbandry. Most cereals and herbs grow at an average daily temperature of 3°C–5°C, and heat-loving plants at a higher temperature. The beginning of the growth of all plants falls, in particular, in the middle and end of April, which is also the beginning for grazing animals in pastures. The most unfavourable period of sheep grazing is winter due to snow cover, icing, strong winds, and low temperatures. The most favourable period for sheep grazing is in spring and autumn. Due to burnout, vegetation loses all its useful properties during the summer. It is during the autumn period during which it is possible to determine the entire nutritional value of pastures. Under favourable weather conditions, namely warm and wet autumn, the gross harvest is increased, and the quality of plants is improved The optimal grazing period for cows on pastures extends from late April until autumn, with the transition to housing occurring 15 days before the first frost (Titova, 1978). Using this information, the Maslikhat of Zhanaarka region’s approved management and utilisation plan for 46 pastures in 2018–2019 was analysed.
Under this plan, rules for grazing livestock in the territory of Karaganda Oblast were approved. Based on the regulation, the procedure for grazing livestock was approved. In Chapter 2, it was noted that “Agricultural animals belonging to natural and legal persons, regardless of the form of ownership, are subject to accounting and registration.” Grazing occurs in fenced or unpaved pastures by owners or authorized persons. Due to natural and climatic conditions, grazing is allowed in fenced or unpaved pastures. There is a ban on grazing animals that have not undergone vaccination and veterinary procedures and sick animals, as well as in areas of common use and water protection zones (Qoldau, 2022). The addition of road, rail, river, and settlement data to the NDVI analysis showed that land near rivers and human settlements suffered significant degradation.
The latest data is entered into the “Supervision Technology database. Digital monitoring of land” (Qoldau, 2022) showed that the number of pastures in Kazakhstan is 100647 with an area of 38,154,095.82 ha, of which 47.15% belong to the Ulytau Olast (including Karaganda), where 722,288.48 ha of land lie in the Zhanaarka region (Table 5).
TABLE 5 | Statistics on irrational grazing lands, January 2021 (Qoldau, 2022).
[image: Table 5]The Oblast region comprises 8,982,777 ha of pasture land and 10,427 ha of unused land. For greater clarity, the ground load was divided into five steps, from low to high pressure (Table 6).
TABLE 6 | Pressure on grasslands (Qoldau, 2022).
[image: Table 6]The physical geographical location of the region influences the predominance of pastures in the Zhanaarka region. From 2009 to 2017, a significant increase in livestock was observed in the area. The number of cattle increased by 17.2 thousand heads and horses by 28.5 thousand heads. Nevertheless, sheep and goats increased by 18.2 thousand by 2013. This increase was one of the reasons for the deterioration of land in the region (Table 7).
TABLE 7 | Number of livestock, in thousands of head (Qoldau, 2022).
[image: Table 7]Thus, it can be concluded that animal husbandry, occupying 75% of the farms in the region, is one of the main causes of degradation.
According to the latest data from the Bureau of National Statistics of the Republic of Kazakhstan, published in the analytical report dated 4 April 2024, a study was conducted through collaboration with JSC “NC CGS” on space monitoring of crop production to assess the state of vegetation health. The study calculated pasture areas based on vegetation cover conditions across various regions and cities of national significance (Table 8).
TABLE 8 | Areas of pasture lands by state, in ha (Analytical Material, 2024. Space monitoring data on crop production).
[image: Table 8]The data indicates that the largest areas of pasture are found in three regions: Aktobe (15%), Karaganda (13%), and Abay (9.4%). Karaganda Oblast alone accounts for over 520,000 ha of land with no vegetation. Additionally, the regions with the poorest vegetation indicators are Ulytau and Karaganda Oblasts, where “very bad” and “bad” conditions are most prevalent.
The study revealed that the main causes of land degradation in pastures are abandonment, overgrazing of livestock, and cutting of shrubs. Over-grazing of land may include areas near villages, but common pastures are more affected. Among other things, cattle grazing is carried out throughout the year in one place. In order to achieve this, it is necessary for the land users to adhere strictly to scientifically based crop rotation systems. Unfortunately, this is not being done properly. For example, a land user’s commitment to crop rotation is part of the land lease agreement. However, in the absence of effective monitoring mechanisms, this has essentially remained on paper. The limited number of staff and technical equipment of the local land inspectorate did not make it possible to solve the control problem. The hope was to be found in the widespread introduction and application of modern digital technologies, in particular space surveillance and the remote sensing of the earth. However, there are many problems. One of them is the lack of a methodology for decoding the images received, adapted to our conditions.
The active use of land for agriculture increases the pressure on land. Based on the analysis of data collected from all studies conducted in the region, it was determined that the main focus of agricultural development in the area was based on the principle of zoning. The zoning process considered several factors, including varying terrain types, temperature fluctuations from north to south, and increasing desertification in the region’s southern areas. Based on an analysis of Landsat 5 and 8 satellite data, combined with temperature and rainfall information from a weather forecasting site, and using Pearson’s’ Correlation and regression analysis, a significant increase in degraded land was observed since 2009, totalling 1,502,900 ha. Livestock is the main activity in the district had the greatest impact on the land. Land degradation was most severe near villages. Livestock numbers started increasing from 2009, where number of cattle has counted from 42.9 thousand heads to 60.1 (i.e., 40%), horses number doubled up to 55.6, which negatively affected and reflected in the plantation area decrease from 40.4 to 18.2. It also determined that the correlation and regression analysis have a minimal impact of climate on land degradation. A comparison of the data with the Committee on Statistics revealed that 64.4 percent of the total land area has more than 100 percent of the land load.
The vegetation cover of the area has changed from 1/3 to about 58%, which is also an indication of a high degree of land degradation. Cattle overgrazing is one of the main causes of this effect. Thus, based on the results obtained, we can conclude that using the NDVI, it is possible to determine the distribution of vegetation and assess the problems associated with soil degradation. In addition, it is also possible to evaluate the impact of temperature and precipitation on vegetation degradation. The investigation results ascertain a significant increase in the percentage of agricultural land degradation in the Zhanaarka region.
Land degradation is considered one of the most pressing and critical challenges of our time. There are many interventions to address this issue. To effectively implement regional development plans aimed at optimising the use of land resources, collaboration with specialists and local people is essential. This process should begin with an accurate assessment of the livestock population in each area. The second comprises the division of grasslands into specific regions with information on the amount of pressure and the grazing season. In addition, an explanatory conversation with residents of the region is essential to explain the necessity and importance of the applicable measures. Thirdly, it is important and necessary to carry out planting in the area (shrubs). It has also related to the process of sowing and reseeding speciality crops. It is recommended that areas experiencing seed degradation be replanted with suitable forage crop species to enhance pasture quality. Implementing regular reseeding practices is essential for maintaining a healthy grass cover. Additionally, controlling invasive species is necessary, as they can negatively impact forage lands and displace native vegetation. Alfalfa, for example, is a possible option. It grows around mid-April, and the regrowth period is about 2 weeks. In addition to alfalfa, it is also effective to plant Haloxylon (Saxaul) and Halocnemum shrubs. Plantations with high yields are the most favourable in the area. They have a positive effect on soil cover, significantly reduce the rate of desertification and provide additional fodder for livestock.
Community participation and awareness-raising among the local population are crucial factors to consider. Engaging the local community is essential to ensure the efficacy of decisions and measures. Additionally, training programs for farmers and local authorities in sustainable pasture management are necessary. Promoting collective action against land degradation and facilitating resource sharing will support more effective dryland pasture management.
The analysis of the vegetation index NDVI serves to corroborate the data on degradation. The observed decline and growth in VI values are attributable to a number of factors, including average levels of overgrazing, the distinctive characteristics of plant communities, soil conditions and prevailing climatic circumstances. The effective management of pasture in arid territories necessitates a comprehensive approach that considers the interrelationships between environmental, social and economic factors. Having conducted this study, we talk about the importance of using relatively new methods in various studies. That is, the use of GIS and remote sensing, as well as the NDVI index, makes it possible to conduct a full analysis of land assessment, vegetation cover and make a forecast of possible consequences. Considering that this method is now becoming increasingly popular, it can be assumed that in the future it will be able to completely replace the ground-based research method.
The results of this study indicate that the significant increase in degraded pasturelands in the Zhanaarka region from 2009 to 2018 is predominantly driven by anthropogenic pressures, including an increase in livestock numbers and inadequate grazing management. The analysis revealed that climate factors such as temperature and precipitation were not the primary drivers of vegetation cover changes during the study period. This finding aligns with Guo et al. (2021), who reported that human activities exert a more pronounced impact on land degradation in semi-arid regions compared to climatic variations. Furthermore, spatial analysis of degraded lands highlights that areas near settlements are the most affected, a pattern also observed by Zhang et al. (2021), who identified zones of high population density and intense land use as hotspots for degradation.
The study further demonstrates the limited efficacy of existing pasture management strategies, such as zoning and load regulation, in mitigating degradation which also highlighted by many authors (Aida and Sabira, 2020). Despite these efforts, the findings underscore the need for enhanced management frameworks to address the escalating pressure on land resources. These observations are consistent with previous research, including Behifar et al. (2023), which emphasized the importance of adaptive strategies in improving pasture conditions and reducing degradation rates in arid regions.
The trends identified in vegetation cover changes underscore the necessity of implementing restoration measures, such as the introduction of resilient forage crops like alfalfa and saxaul, to enhance pasture productivity. Similar approaches have proven effective in other studies, such as Zhang et al. (2021), where adaptive pasture management practices significantly improved land conditions and mitigated degradation.
Comparison with contemporary literature reveals that the degradation rate in the Zhanaarka region, with a loss of 1.5 million hectares over 9 years, mirrors trends in other arid regions globally. For instance (Deas and Coetzee, 2022), reported comparable degradation patterns in South Africa, where overgrazing and land-use changes contributed to extensive land deterioration. While studies identified precipitation as a significant factor influencing NDVI variations in highly seasonal environments (Shah et al., 2024), the findings of this study indicate a weak correlation between climatic parameters and pasture conditions, likely due to the relatively stable precipitation levels in the Zhanaarka region. The recommendations for the use of resilient forage plants and adaptive management practices in this study align with the findings, where demonstrated the benefits of such measures in reducing degradation and enhancing land conditions (Xuan et al., 2021; Huang et al., 2024; Lesiv et al., 2025).
These findings highlight the pressing need for an integrated approach that incorporates restoration efforts, adaptive management practices, and active community participation to mitigate land degradation and promote sustainable agricultural development. This comprehensive strategy is essential for addressing the challenges posed by human-induced pressures and climate variability, ensuring the resilience of ecosystems and the sustainability of agricultural practices in the Zhanaarka region.
4 CONCLUSION
This study proved the efficacy of the synergistic application of remote sensing, GIS, and NDVI in assessing land and vegetation cover and their degradation over time. The investigation also signified the capability to make predictions through remote sensing data. The anticipated social and economic impact of the research from the perspective of increasing agricultural production volume and effects on the improvement of the natural environment’s ecological condition and the social conditions of the population. It is based on the criteria of economic, ecological and social order. In turn, the application of the results of the assessment will make it possible to give a qualitative and quantitative assessment of degraded areas. In exclusion of the methodology developed for assessing land resources, the results of the correlation regression relationship between climate indicators and area changes will contribute to the development of measures to reduce land pressure taking into account territorial characteristics. Moving forward, interdisciplinary collaborations and evidence-based policy interventions will be essential for promoting sustainable land use practices and achieving the objectives of global environmental conservation and sustainable development.
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