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ABSTRACT 
 

Sustainable crop production in Kazakhstan increasingly depends on efficient agricultural land use under conditions of agrarian 
transformation, urbanization pressure, labor outflow, and environmental constraints. A combination of comparative, systems-based, 
statistical, economic-mathematical, and spatial analytical approaches was used to classify existing land-use assessment methods and evaluate 
their applicability to regional agricultural conditions. Statistical indicators, socio-economic characteristics, land-resource data, and GIS-based 
information were analyzed, with particular attention to Almaty Region and the Ili and Talgar districts as contrasting examples of agricultural 
development. The results showed that an integrated analytical framework combining econometric, optimization, agroecological, and GIS-
based methods provides the most informative basis for assessing land-use efficiency, sustainability risks, and production potential. The study 
concludes that integrating socio-economic and spatial analysis can support more effective agricultural planning and resource allocation in 
Kazakhstan, with practical value for crop scientists, land-use planners, and decision-makers involved in sustainable agricultural development. 
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INTRODUCTION 
 

In the context of rapid economic and social transformations 

taking place in Kazakhstan, the transformation of agriculture 

becomes one of the key tasks of national development. 

Agriculture continues to play an important role in ensuring the 

country’s food security; however, the efficiency of its 

functioning largely depends on the rational use of land 

resources. In this regard, the study of land-use dynamics 

acquires particular significance, as it reflects not only natural 

conditions but also socio-economic processes influencing the 

development of the agrarian sector (Svensson & Lindberg, 

2026). 

Rational land use is one of the most important factors in the 

sustainable development of agriculture and in ensuring 

Kazakhstan’s food security. Current demographic changes, such 

as population migration from rural areas to cities, a decline in 

the rural population, as well as fluctuations in employment 

levels and incomes of rural residents, have a significant impact 

on the structure and dynamics of agricultural land use. In 

addition, the development of agrarian enterprises and the 

introduction of new technologies transform traditional forms of 

land use, which requires a comprehensive and systematic 

approach to their study (Hao et al., 2025). 

The relevance of this study lies in the absence of systematized 

methodological approaches for a comprehensive assessment of 

agricultural land-use dynamics and their implications for 

sustainable crop production. Although various methods are 

available for evaluating natural conditions and economic 

activity, an integrated framework that simultaneously considers 

social, economic, and environmental factors is still insufficiently 

applied in Kazakhstan. This limits the development of effective 

agricultural strategies aimed at improving land-use efficiency, 

maintaining crop productivity, and ensuring the long-term 

sustainability of agricultural systems (Hao et al., 2025; Kunie et 

al., 2025). 

MATERIALS AND METHODS  

To achieve the stated goals and solve the objectives of the 

article, a set of methodological approaches was used to ensure a 

comprehensive analysis of the dynamics of socio-economic land 

use in the agriculture of Kazakhstan. The main focus was placed 
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on the systematisation and classification of existing methods, 

considering their applicability to different levels of analysis and 

types of data. 

The research materials included statistical data from state 

authorities of Kazakhstan, comprising indicators on the 

structure and dynamics of the rural population, levels of 

employment and income in rural areas, as well as information 

on land resources and agrarian enterprises. In addition, the 

study employed the results of satellite monitoring and 

geographic information systems (GIS), which made it possible 

to obtain spatial data on the distribution and changes in land 

use. 

The methodological framework included comparative analysis, 

a systems approach, and classification methods. Comparative 

analysis was applied to evaluate various land-use research 

methodologies and to identify their strengths and weaknesses. 

The systems approach ensured a comprehensive consideration 

of the interaction of social, economic, and natural factors 

influencing the dynamics of land resource use. Classification 

methods made it possible to structure the methods by levels of 

analysis (local, regional, national) and types of data (qualitative, 

quantitative, spatial). 

In addition, analytical methods for processing statistical 

information were used, including correlation and regression 

analysis, which helped to identify relationships between socio-

economic indicators and changes in land use. All the above 

methods ensured a well-founded and systematic study of land-

use dynamics, adapted to the conditions of Kazakhstan and its 

agrarian sector. 

RESULTS AND DISCUSSION  

Modern methodologies for analysing land-use transformations 

are based on several groups of models that complement each 

other (Verburg et al., 2004; Guillen & Pereira, 2024). First, 

econometric models make it possible to quantitatively assess 

the influence of economic determinants (prices, incomes, labour 

costs) on the structure and intensity of land use; such 

approaches are widely described in the literature on land-use 

modelling (Nautiyal et al., 2017; Mishra et al., 2025). Second, 

optimization models (linear and goal programming) are applied 

to problems of optimal allocation of crop areas and water 

resources under constraints related to labour, land, and water 

availability. Classical mathematical programming methodology 

in the agrarian sector provides a basis for developing regional 

optimisation problems (Hazell & Norton, 1986; Damaševičius et 

al., 2025; Nagesh et al., 2025). Third, agroecological and 

integrated models take into account soil degradation, erosion, 

and climate risks and are necessary for assessing the 

sustainability of land use in the long term (FAO, 2021; Kowalski 

et al., 2024). Finally, spatial (GIS-based) models - CLUE-S, PLUS, 

and similar—enable scenario analysis while accounting for 

spatial heterogeneity and the interaction between urbanisation 

and agricultural land; these methods are particularly useful in 

developing land-use plans at the district or regional level (Liu et 

al., 2017; Huber et al., 2025; Salem et al., 2025). 

International practice demonstrates successful examples of 

adapting these groups of models to national and regional 

conditions. In China, the application of spatial simulation 

models (CLUE-S, PLUS) has made it possible to forecast and 

adjust urbanisation processes while minimising the loss of 

highly productive agricultural land (Liu et al., 2017; Novak & 

Jelic, 2025). In the European Union, the CAPRI model is used to 

assess the impact of agricultural policy and subsidies on land-

use structure and farm income, thereby ensuring a link between 

policy instruments and practical decisions at the local level 

(Britz & Witzke, 2014, Kwatra et al., 2024). In conditions of 

water scarcity (as in India and several African countries), 

optimisation models for the allocation of irrigated land and 

scenario-based water-use models have proven effective, making 

it possible to increase productivity while reducing water 

consumption (Shah et al., 2016). 

From international experience, two practical recommendations 

applicable to Kazakhstan can be derived: (1) to use spatially 

determined scenarios in the development of land-use plans to 

reduce conflicts between urbanisation and agricultural 

activities; and (2) to introduce optimisation algorithms for 

water and land allocation in resource-constrained areas to 

improve efficiency and production sustainability (Liu et al., 

2017; Zairkhanova et al., 2024; Abdoul-Latif et al., 2025). 

An analysis of the applicability of methodologies to the practical 

conditions of Kazakhstan requires consideration of national 

specificities: vast areas with low population density, a high 

share of pasturelands, climate-dependent yields, and the 

simultaneous outflow of labour from rural areas. These 

characteristics determine the priority of economic and 

mathematical methods and the systematisation of statistical 

data, supplemented by expert assessments. 

Almaty Region is one of the key agrarian regions of Kazakhstan, 

characterised by a diversity of natural and socio-economic 

conditions. The region has significant potential for agricultural 

development due to fertile soils, a favourable climate, and the 

availability of irrigation infrastructure. The land-use structure 

is dominated by arable land, pastures, and orchards. In recent 

years, trends toward intensification of agricultural production, 

increased investment in agrotechnologies, and the 

redistribution of land in favour of more efficient economic 

entities have been observed, making Almaty Region an 

important object for studying the dynamics of socio-economic 

land use (Table 1).

 

Table 1. Dynamics of the structure of agricultural land, 2024. 

Territory 
Total agricultural land 

area (,000 ha) 

Arable land 

(000 ha) 

Hayfields 

(000 ha) 

Pastures 

(,000 ha) 

Perennial plantations 

(,000 ha) 

Share of arable 

land (%) 

Share of 

pastures (%) 

Almaty Region 4 300 459,8 63,1 3600 18,7 10,69 83,72 

Ili District 365,3 39,1 5,4 127,3 1,6 10,71 34,8 

Talgar District 220,8 23,6 3,24 5,4 0,96 10,54 2,45 
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In the Almaty Region, local factors significantly affect the 

efficiency of agricultural production. Of particular interest are 

the Ili and Talgar districts, which, despite their geographical 

proximity to Almaty, demonstrate different models of land use 

and socio-economic development. 

Agriculture in the Ili District is characterized by a high share of 

arable land used for grain, fodder, and vegetable crops (Figure 

1).  

 

  
(a) (b) 

        Figure 1. Scheme of (a) Ili District and (b) Talgar District of Almaty Region. 

In recent years, there has been a tendency toward a reduction 

in agricultural land due to active urbanization pressure—

especially in suburban zones, including the Ili District—which is 

confirmed by data on territorial changes and population growth 

in the suburbs of Almaty (see the “Comprehensive Plan for the 

Development of the Almaty Agglomeration”) (Government of 

the Republic of Kazakhstan, 2023; Nguyen et al., 2025). 

The production specialization of the district is associated with 

vegetable growing, potato cultivation, and maize cultivation, 

where yields are traditionally higher than the regional average. 

However, overall production volumes depend on the sown area, 

which tends to decline. For Almaty Region as a whole, 2024 

recorded a record maize harvest—about 270 thousand tons 

with an average yield of 55 centners per hectare (Aksoy & 

Akaydin, 2024; Akimat of Almaty Region, 2025; Elango & 

Govindaraju, 2025). 

The socio-demographic situation in the district reflects 

suburbanization processes: the population is growing, while 

employment in agriculture is declining (Table 2). According to 

the “Comprehensive Plan for the Development of the Almaty 

Agglomeration,” the population of the Ili District amounted to 

approximately 270.7 thousand people as of the beginning of 

2023 (Government of the Republic of Kazakhstan, 2023; 
Jannath et al., 2024). A significant labor shortage in the agrarian 

sector is compensated for by partial mechanization and the use 

of seasonal workers. At the same time, the district faces 

environmental constraints—soil degradation, salinization, and 

a shortage of irrigation water - which reduces the sustainability 

of agriculture.

 

Table 2. Yields and production of major crops, 2024. 

Territory Wheat (q/ha) Barley (q/ha) Maize (q/ha) Potatoes (q/ha) Vegetables (q/ha) Fruits (q/ha) 

Almaty Region 20,6 16,8 55 242,1 250,8 92,8 

Ili District 16,2 17,2 62 235,7 232,9 95 

Talgar District 14,2 16,6 54 225 241,3 110 

Unlike the Ili District, the Talgar District has a more diversified 

agricultural structure, in which horticulture and fruit growing 

occupy an important place (Table 3). The district has 

traditionally been a centre of horticulture and fruit production 

in Almaty Region. Yields of orchard crops here are higher than 

the national average, which is facilitated by both natural 

conditions and intensive technologies—according to reports, 

crop production and livestock farming are actively developing 

in the Talgar District (Ogni Alatau, 2022-2024). 

Table 3. Socio-economic characteristics of the rural population, 2024. 

Territory 
Rural population 

(,000 people) 

Share of rural 

population (%) 

Employment in agriculture, 

(,000  people) 

Average wage in 

agriculture (,000 KZT) 

Net migration gain/loss 

(people) 

Almaty Region 1249,0 80,5 23,528 297,1 +17124 
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Ili District 274,5 100 3,9 285,0 +10435 

Talgar District 183,1 73,7 3,5 290,0 +3026 

The rural population of the district is partially involved in labor 

migration to Almaty; however, a significant share of 

employment in the agrarian sector is retained, including small-

scale farms. Agriculture remains one of the main sources of 

income, which supports the sustainability of rural communities. 

According to publications, the Talgar District is one of the most 

dynamically developing districts in the region in terms of the 

number of small and medium-sized enterprises, which 

indirectly indicates activity in agricultural and related sectors 

(Benhmida & Trabelsi, 2024; DKN World News, 2024). 

Environmental challenges of the district are associated with the 

degradation of irrigation systems and a deficit of water 

resources, which limit the possibilities for expanding intensive 

horticulture (Table 4). At the same time, the natural conditions 

of the district make it possible to consider the further 

development of fruit growing as a priority area of specialization. 

(More detailed environmental statistics for the Talgar District 

are required to confirm the scale of these challenges.

Table 4. Economic efficiency of agriculture, 2024. 

Territory 
Gross agricultural output 

(billion KZT) 

Physical volume index 

(% to previous year) 

Labor productivity (million 

KZT per employed person) 

Share of agriculture in 

regional GRP (%) 

Almaty Region 385,4 102 4,24 2,7 

Ili District 38,5 103 4,0 7,7 

Talgar District 19,3 101 3,5 6,4 

A comparison of the Ili and Talgar districts demonstrates 

differences in land-use models (Table 5). In the Ili District, 

agriculture is oriented toward the production of cereals, 

potatoes, and vegetables, but faces a reduction in land resources 

and declining employment. In the Talgar District, the key focus 

is horticulture and fruit growing, where high profitability is 

maintained even with limited land areas. 

Table 5. Environmental factors of land use. 

Territory 
Area of degraded land 

(,000 ha) 

Saline land (,000 

ha) 

Land subject to erosion 

(, 000 ha) 

Use of mineral fertilizers 

(kg/ha) 

Share of irrigated 

land (%) 

Almaty Region 2 582 210,4 1369 21,7 17,7 

Ili District 191,3 15,6 101,4 24,1 24,4 

Talgar District 90,7 7,4 48,1 20 22,1 

Thus, both districts have significant potential, but the 

sustainability of their agriculture depends on different factors. 

For the Ili District, the key tasks are optimization of the arable 

land structure, improvement of irrigation efficiency, and the 

introduction of resource-saving technologies. For the Talgar 

District, priority areas include the modernization of 

horticulture, infrastructure renewal, and support for small-

scale farms. Proximity to Almaty creates unique market 

opportunities for both districts; however, it also requires the 

adaptation of land use to urbanization processes and 

environmental constraints. 

The regional context of the Almaty Region confirms the need for 

the integration of methods. Documents on the development of 

the Almaty agglomeration record active urbanization pressure 

on suburban agricultural lands, which directly affects the 

availability of arable land in the Ili District and requires 

scenario-based land-use analysis (Comprehensive Plan for the 

Development of the Almaty Agglomeration) (Government of the 

Republic of Kazakhstan, 2023). An assessment of the region’s 

production dynamics shows that in 2024 Almaty Region 

achieved a record maize yield (≈55 q/ha; total output ~270.7 

thousand tons), indicating a high potential for intensification 

amid shrinking sown areas. This phenomenon (yield growth 

with declining areas) requires the application of optimization 

models to determine the most efficient crop and production 

system on limited land resources. 

A practical analysis of the Ili and Talgar districts confirms the 

diversity of land-use models within a single region: the Ili 

District represents a model of intensive vegetable and potato 

production with a risk of land losses due to urbanization; the 

Talgar District represents a model of specialization in fruit 

growing and horticulture with relative sustainability on smaller 

areas, but with constraints related to irrigation infrastructure. 

Environmental constraints identified in national and 

departmental reports (consolidated analytical report on the 

state of lands of the Republic of Kazakhstan; national reports of 

the Ministry of Ecology) indicate the widespread occurrence of 

degradation processes (erosion, salinization) and the need to 

account for these factors in forecasting and land-use 

optimization models. Consequently, agroecological components 

should be integrated into optimization and scenario models at 

the stage of preparing policy recommendations and practical 

measures (Ministry of Ecology and Natural Resources of the 

Republic of Kazakhstan, 2024). 

The conducted analysis confirms the initial hypothesis 

regarding the expediency of systematizing methods for studying 

the dynamics of socio-economic land use and adapting them to 

the specifics of Kazakhstan. The integration of economic-

mathematical, spatial, and agroecological approaches provides 

the most reliable methodological basis for developing regional 

strategies to optimize land use and enhance the sustainability of 

agricultural production. 
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An analysis of contemporary studies demonstrates the complex 

dynamics of agricultural land use in Kazakhstan, driven by the 

interaction of environmental, social, and economic factors. In 

the work by Aitkhozhayeva and co-authors (2024), it is noted 

that “under conditions of limited land resources, rational land 

use becomes a critical factor in ensuring food security and the 

sustainable development of the agrarian sector”. The authors 

emphasize the need for a balanced approach that combines 

productivity growth with the conservation of natural resources. 

A study by Zhildikbayeva et al. (2023) focusing on the southern 

region of Kazakhstan revealed that “the fragmentation of land 

plots and a lack of investment in agrotechnologies significantly 

reduce the efficiency of land use by peasant farms”. Low-income 

levels of the rural population and migration intensify land 

degradation, which negatively affects agriculture in the region. 

In the western regions of the country, according to 

Tokbergenova et al. (2024), “climate change intensifies erosion 

and desertification processes, creating new challenges for 

rational land use”. To adapt to these changes, innovative 

technologies and methods of sustainable farming are required. 

An analysis of the formation of agricultural land shows that “the 

transition to market relations and changes in the legal 

regulation of land use have led to a transformation in the 

structure of land resource utilization” (Usipbaev et al., 2024). At 

the same time, Askarova et al. (2024) point out that “enhancing 

the sustainability of irrigated lands requires the introduction of 

modern water-saving technologies and effective management of 

irrigation systems”. 

An econometric analysis of grain production in Kazakhstan 

confirms that “the efficiency of land use directly depends on the 

level of investment in agrotechnologies and infrastructure, as 

well as on the socio-economic situation in rural areas” 

(Abraliyev et al., 2024). Tleubayev and co-authors (2024) note 

that “sustainable development of the agrarian sector requires 

alternative strategies for increasing gross value added with an 

emphasis on innovative land resource management methods”. 

A methodological review on SpringerLink (Nautiyal et al., 2017) 

and the studies by Lu and Yang (2023) emphasize the 

importance of an integrated land-use analysis that combines 

quantitative and qualitative methods, as well as spatial analysis, 

to identify regional differences. The theoretical approaches of 

Shanin (2022) to the spatial development of land use contribute 

to forecasting and planning effective land resource management 

strategies. 

In accordance with FAO classifications and standards, the 

systematization of land-use analysis methods contributes to the 

unification of research and the improvement of its quality (FAO, 

2021). The FAO report The Future of Our Land (FAO & UNEP, 

1999) emphasizes the need to integrate environmental and 

economic aspects to ensure sustainable land use at regional and 

global levels. 

The systematization of existing approaches demonstrated the 

need to integrate them into a unified analytical framework 

capable of accounting for economic as well as socio-

environmental factors. 

First, it was established that modern methods for studying land-

use dynamics can be conditionally divided into three groups: 

econometric methods (focused on identifying relationships 

between socio-economic determinants and land-use structure), 

optimization methods (aimed at finding efficient scenarios for 

the allocation of limited resources), and agroecological methods 

(providing an assessment of sustainability while accounting for 

degradation processes and climate risks). Their combined 

application forms the basis for an objective assessment and 

forecasting of transformations in agricultural territories. 

Second, an analysis of international experience showed that 

integrated models (CLUE-S, PLUS, CAPRI, etc.) make it possible 

to successfully combine economic and environmental factors 

within a single land-use planning system. The practices of China, 

the European Union, and India demonstrate that the adaptation 

of such models contributes to more rational use of land and 

water resources, mitigation of the negative effects of 

urbanization, and the enhancement of food security. 

Third, the regional case of Almaty Region (the Ili and Talgar 

districts) confirmed the presence of divergent land-use models. 

The Ili District is characterized by intensive development of 

vegetable production and grain farming under high 

urbanization pressure and a shortage of labor resources. In 

contrast, the Talgar District is oriented toward horticulture and 

fruit growing, maintaining a more sustainable production 

structure, albeit constrained by the condition of irrigation 

infrastructure. 

Fourth, the comparative analysis revealed the need for a 

differentiated land-use management policy: for the Ili District, 

the priority areas are optimization of the cropping pattern and 

modernization of irrigation systems; for the Talgar District, they 

include support for intensive horticulture, rehabilitation of 

irrigation systems, and development of farm enterprises. 

 

CONCLUSION 

The conducted study made it possible to comprehensively 

examine the methodological foundations for analyzing the 

dynamics of socio-economic land use and to assess their 

applicability in the agrarian sector of Kazakhstan. The obtained 

results have both theoretical significance, manifested in the 

refinement of the methodological framework for land-use 

analysis, and practical significance, expressed in the possibility 

of their application in the development of regional strategies for 

the sustainable development of the agrarian sector. The 

proposed framework may assist crop scientists and regional 

planners in identifying production constraints and prioritizing 

resource-efficient crop systems. In the future, it appears 

advisable to expand the use of spatial simulation and 

optimization models for the development of agricultural 

development scenarios in the regions of Kazakhstan. 
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