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SUSTAINABILITY OF IRRIGATED AGRICULTURE IN THE CONTEXT OF CLIMATE 

CHANGE AND ENSURING FOOD SECURITY IN THE REGIONS 

 

ANNOTATION 

This study focuses on approaches to ensuring the sustainable development of irrigated agriculture in 

the context of climate change, which is crucial for regional food security. 

The strategies for ensuring the stable operation of irrigated agriculture in the context of climate 

change are analyzed to guarantee regional food security. Key factors contributing to the sustainability of 

irrigated agriculture, both in aggregate and separately, are identified. These include: rational management 

of water and land resources, serviceability and reliability of melioration systems, economic viability of 

agricultural production on irrigated lands, social stability of regions, and ecological balance. 

The paper examines ways to achieve the sustainability of irrigated agriculture in the context of 

climate change, which directly affects food security in the regions. It is emphasized that the sustainability 

of irrigated agriculture is achieved through the synergy of several factors, such as: availability and effective 

management of water and land resources, technical serviceability and reliability of melioration systems, 

economic viability of agricultural production on irrigated lands, social stability of regions, and preservation 

of the ecological balance. 

The study also addresses issues of the functioning of water management systems and analyzes the 

sustainability of the use of natural and production resources in irrigated agriculture in the context of climate 

change. 

 

Keywords: Sustainability, irrigated agriculture, climate change, water resources, regional food 

security. 

 

Introduction. In recent years, all regions of Kazakhstan have shown increased interest in addressing 

issues of the country's food security, ensuring stability and increasing the efficiency of irrigated agriculture, 

and minimizing its impact on the environment. 

Scientific novelty and significance: the analysis of the sustainability of irrigated agriculture in the 

context of climate change allows not only to assess the efficiency of water and land resources use, but also 

to identify problems in water management systems in each region and suggest solutions. These 
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recommendations can be used to formulate strategic goals aimed at ensuring food security for the country, 

taking into account climate change. 

The methodological approach to solving problems of food security and regional sustainability 

involves studying the current state of affairs in the field of water resources use in irrigated agriculture, 

especially in the context of increasing water shortages and climate change. This is necessary to forecast 

water supply problems and determine strategic priorities in the development of the water management 

complex, which in turn contributes to socio-economic growth. 

Materials and methods of the research. Currently, Kazakhstan has begun to implement the adopted 

new tasks within the framework of sustainable development, which include climate change issues, 

environmental problems, and issues of ensuring food security in the regions. 

The research is based on generally accepted methodological principles, covering statistical and 

economic methods and specific approaches to analysis in agriculture. The research used general scientific 

methods, such as comparative and statistical system analysis, as well as the abstract logical method and 

expert assessments. 

The main problems of the water sector: inefficient use of water resources due to a weak legal 

(legislative) framework for water management; unsatisfactory state of water management systems and a 

low technological level of water use, etc. [1]. The approach to solving the set tasks takes into account the 

current state of water resources use in agricultural production in the context of their increasing deficit, with 

the identification of possible problems in its water supply, which is necessary to establish strategic 

objectives for the development of the water management complex. When solving such problems in the 

world, information is usually recommendatory [2]. 

In the future, a reduction in transboundary runoff resources in the republic is expected in connection 

with economic activity in neighboring states, since more than half of the runoff is formed outside the 

Republic of Kazakhstan. An additional threat to the water supply of the republic will be created by a 

probable reduction in local runoff resources due to global and regional climate change [3]. The information 

base of the study is legislative and regulatory legal acts, instructional and methodological documents in the 

field of water resources management and water management, statistical data of the Committee on Statistics 

of the Republic of Kazakhstan, reports of the Department of Natural Resources and Environmental 

Protection, reports on monitoring water resources, theoretical and factual materials contained in the works 

of domestic and foreign specialists in the field of regional economics of water resources in agricultural 

production [4-13]. 

The studies correspond to the objectives set in the strategic and program documents of the Republic 

of Kazakhstan such as: Message of the Head of State Kassym-Jomart Tokayev dated September 2, 2024 

"Fair Kazakhstan: law and order, economic growth, public optimism" [14], "On approval of the Concept of 

development of the agro-industrial complex of the Republic of Kazakhstan for 2021-2030" [15]. 

The main consumer of water resources in agriculture is irrigated agriculture. A serious problem for 

the domestic agricultural sector is wasteful water use. The problem of using water resources in agriculture 

is one of the complex ones, the solution to which will soon determine the development strategy of the 

industry. In this regard, the assessment of the availability and use of water resources is of great interest. 

The main reason for the low efficiency of water resources use in Kazakhstan is the unsatisfactory farming 

system on irrigated lands and, as a consequence, low yields. Water losses during transportation from water 

sources to consumers are also significant. It is necessary to note the diversity of climatic and natural 

conditions in the country. Kazhydromet constantly monitors the condition and quality of surface waters in 

Kazakhstan [16]. 

For example, Figure 1 displays a map of the expected deviations in average monthly precipitation 

from the norm in August 2025. According to the synoptic forecast, the amount of rainfall in August is 

expected to be near the norm in most of the republic, more than the norm - in Pavlodar region, most of 

North Kazakhstan, East Kazakhstan regions, Abay region, in the north of Kostanay, in the northeast of 

Akmola region, in the extreme northeast of Karaganda region, less than the norm - in Atyrau region, in the 

south of West Kazakhstan, in the southwest of Aktobe, in the north of Mangistau region. 
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Figure 1 – Expected deviations of average monthly precipitation from the norm in August 2025 [16]. 

 

According to preliminary calculations of the standardized precipitation index (SPI), moderately dry 

conditions are predicted in August in some areas in the west, northwest, center, southeast, east, and south, 

and moderately wet conditions are expected in some areas of the northern regions. This year, dry conditions 

are due to the prevalence of stable anticyclonic circulation regimes, leading to long periods of cloudless 

weather and a lack of precipitation, which contributed to the intensification of drought phenomena in a 

number of regions. Information provided by RSE "Kazhydromet" characterizes the southern regions of 

Kazakhstan - high aridity in the summer, so the growth and development of crops in these regions largely 

depends on irrigation [16]. 

In 2018, the parties to the Paris Agreement at the 24th Conference of the Parties to the United Nations 

Framework Convention on Climate Change (UNFCCC) requested the World Meteorological Organization 

(WMO), through its Global Framework for Climate Services (GFCS), to regularly report on the state of 

climate services. 

The purpose of the reports is to help countries better understand their needs for adaptation to climate 

change, identify and address gaps in the provision of climate services, make informed investment decisions, 

and improve the effectiveness of adaptation and development measures [17]. 

Humanity faces a serious problem - climate change, which entails significant economic costs. As 

Stern (2008) emphasized, greenhouse gas emissions are a classic example of a market failure, since their 

effects are not reflected in prices. The impact of climate change is felt differently in different sectors of the 

economy. Agriculture, in particular, faces serious challenges due to increasing emissions and rising 

temperatures. Paradoxically, agricultural development itself is a source of greenhouse gases. In this regard, 

this commentary aims to analyze this complex, two-way relationship between climate processes and 

agriculture, in particular irrigated agriculture, where there is a dependence on the availability of water 

resources and climate change [18,19]. Even moderate global warming (e.g.,  

by 20 °) can significantly reduce agricultural production (up to 25%). Research shows that climate change 

negatively affects agriculture in many countries. In Peru, for example, farmers are increasing the area under 

crops and changing the structure of production in an attempt to compensate for crop losses due to high 

temperatures. However, this leads to soil depletion, increased child labor, and decreased investment in 

education, which has long-term negative consequences [20]. Climate change has a negative impact on 

agriculture, which is particularly evident in Africa. For example, the 2007 drought in Lesotho, one of the 

poorest countries in southern Africa, led to a significant drop in crop yields and an increase in food prices. 

This forced 20% of the country's population to seek emergency food aid. According to estimates, climate 

change has halved the number of self-sufficient households in Lesotho and reduced their average 

purchasing power by 37%. Many African countries are characterized by high dependence on food imports, 

the prevalence of rain-fed agriculture, and strong climatic instability [21]. 

The situation in the agricultural sector in developed countries is also raising concerns. Climate 

models predict that by 2050, average annual corn yields in the United States could decline by 15%. This 



101 

 

would result in annual losses of $6.7 billion unless large-scale adaptation measures are taken. Changes in 

temperature and precipitation are expected to lead to significant increases in food prices, possibly up to 

84% by 2050. In addition to economic impacts, climate change negatively affects human health, especially 

in rural communities, which suffer from environmental, financial, health, and social problems. Overall, 

rising temperatures, weather instability, shifts in agroecosystems, pest infestations, and more frequent 

extreme weather events reduce crop yields, quality, and productivity, which in turn leads to higher food 

prices, which are particularly felt in low-income countries [22]. In order to minimize the negative impact 

of climate change on the agricultural sector, the Food and Agriculture Organization of the United Nations 

(FAO) recommends the introduction of a climate-smart approach to agriculture. This approach is aimed at 

achieving three main goals: increasing the productivity of agricultural production and increasing the income 

of agricultural producers, adapting to changing climatic conditions, and increasing resilience to them. It 

should be noted that there are significant inter-country differences in adaptation strategies, with developed 

countries demonstrating leadership in this process [23,24]. 

One of the main problems in the water supply and irrigation system in agricultural production is the 

need to establish the most accurate assessment of the efficiency of water resources use in irrigated 

agriculture. At the same time, there is no information on the dependence of water resources use in other 

sectors of agricultural production. These factors predetermine the peculiarity of the work on establishing 

the actual costs of available water resources in agricultural production as a whole. This situation is 

aggravated by the fact that the distribution of water resources in Kazakhstan is uneven in space, and most 

rivers are transboundary [25,26]. The use of water resources in agricultural production in foreign countries 

has its own characteristics. Agricultural production is one of the important industries, represented in almost 

all countries of the world. Thus, about 1 billion economically active people are employed in world 

agriculture. The food security of the state depends on the state of the industry. The following sectors are 

directly or indirectly related to problems in agriculture: water management, land reclamation, agronomy, 

livestock farming, crop production, forestry, etc. Most developed countries consider support for agricultural 

producers a priority in their agricultural policy. In recent years, the level of financing for agriculture in the 

EU countries has amounted to 300 US dollars per 1 hectare of farmland, in Japan - 473 dollars/ha, in the 

USA - 324 dollars/ha, in Canada - 188 dollars/ha, and in Russia - 10 dollars/ha. The total budget support 

for producers from the cost of gross agricultural output in economically developed countries is 32-35%, but 

in Kazakhstan, no more than 5% [27]. 

The highest level has been reached by agriculture in developed countries of Europe and North 

America, which have entered the post-industrial stage. Agriculture employs 2-6% of the economically 

active population there. In these countries, the "green revolution" occurred in the middle of the 20th century; 

agriculture is characterized by scientifically based organization, increased productivity, the use of new 

technologies, agricultural machinery systems, pesticides and mineral fertilizers, the use of genetic 

engineering and biotechnology, robotics and electronics, that is, it is developing along an intensive path. 

Experiences in the formation of a system for assessing and managing water resources in developed 

countries can serve as a means of transition from experience to action, when the concepts of water 

management systems in one country can be applied in other countries in order to overcome water problems 

throughout the world. There are 8 river water management basins in the republic: Aral-Syrdarya, Balkhash-

Alakol, Ertis, Yesil, Zhaiyk-Caspian, Nura-Sarysu, Tobol-Torgai, and Shu-Talas [28]. The South-Eastern 

and Eastern regions of the country (Ertis and Balkhash-Alakol water management basins) have the most 

surface water resources. Central Kazakhstan (Nura-Sarysu water management basin) has the least resources 

[28]. 

At the current level of surface water study, the available water resources of river runoff of all rivers 

of Kazakhstan are estimated at 100 km3/year, of which 54 km3 are formed on the territory of the republic 

and 46 km3 in neighboring countries (China - 21.2 km3, Uzbekistan - 14.6 km3, the Kyrgyz Republic - 3.1 

km3, Russia - 7.5 km3) [28]. 

In the future, a reduction in transboundary runoff resources in the republic is expected due to 

economic activity in neighboring countries, since more than half of the runoff is formed outside of 

Kazakhstan. An additional threat to the water supply of the republic will be created by a probable reduction 

in local runoff resources due to global and regional climate change [29]. Weak implementation of modern 

agricultural technology, unsatisfactory technical condition of irrigation and water distribution systems, 

equipment wear, and lack of water-saving technologies have led to deterioration of water quality, 

salinization of irrigated areas, and rapid development of desertification processes. According to estimates 

of leading research institutes, the impact of global climate change on river runoff, and especially on the 

runoff of lowland rivers in Central and Western Kazakhstan, is already being observed [30]. 
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At present, it is necessary to revise the fundamentals of water management, the system, and principles 

of water management in regions at all levels of management with changes in sustainability indicators and 

assessment of climatic parameters. This very complex task must be solved, taking into account the specifics 

of water management production. The most serious attention must be paid to the system of sustainable state 

support for irrigated agriculture and the implementation of social, economic, and environmental policies in 

the regions. The concept of sustainable development on a planetary scale includes: global consideration of 

all problems; decision-making taking into account future generations; coordination of economic, 

environmental, social, and cultural aspects; environmental protection and resource conservation; global 

solidarity and the fight against poverty [31]: 

The results and their discussion. Kazakhstan today is characterized by a sustainable economy. 

However, agriculture, in particular irrigated agriculture, poses a serious challenge to the environment. It is 

one of the main culprits of climate change, and also contributes to the depletion and pollution of water 

resources, soil degradation, and deforestation. Paradoxically, agriculture itself becomes a victim of climate 

change. Therefore, the primary task of the state is to form a sustainable agricultural sector. This involves a 

transition to such methods of irrigated agriculture that optimally use available water and land resources, 

while ensuring environmental safety and the possibility of continuous reproduction. Sustainable 

agricultural production means the use of methods of farming that are safe for nature and humans, allowing 

for the production of products without harming the environment [31,32]. The development of sustainable 

irrigated agriculture is the key to ensuring food security in the regions in the face of climate change. In 

essence, sustainable development implies progress that meets the demands of the present, but at the same 

time does not deprive future generations of the opportunity to meet their own needs. 

Sustainability of irrigated agriculture in the context of climate change involves establishing 

compliance between actual water consumption and aggregated standards for water consumption and water 

disposal, and identifying problems in irrigated agriculture that will be associated with the need to use water-

saving technologies. The social effect consists of ensuring sustainable development of rural areas, which 

will increase employment and income of the rural population, create additional jobs, develop non-

agricultural sectors, and increase labor productivity. 

In our opinion, the sustainability of irrigated agriculture should be ensured by the following: 

- availability of water resources; 

- integrated and efficient management of water resources; 

- the level of technical condition and reliability of operation of melioration systems; 

- economic sustainability of agricultural production on irrigated lands; 

- social sustainability of the region in question; 

- sustainability of the ecological system of the zone under consideration (river basin); 

- study of climate change. 

All the above components form the basis of the methodology for establishing sustainable 

development of irrigated agriculture. 

Discussion. The first component is the availability of water and land resources. The scale of 

industrial and agricultural development requires an ever-increasing, intensive involvement of water 

resources in economic turnover. Already now, a significant part of the republic's territory experiences a 

shortage of water, its quality is deteriorating, the hydrological, biological, and salt regimes are being 

disrupted, and therefore, there is a need to improve water resource management with the introduction of 

effective water-saving technologies in the country's water management. 

The republic's water management will develop in the coming years in conditions of a shortage of 

water resources. Water shortages are already characteristic of the Aral, Balkhash, Ural basins, and the 

endorheic river basins of the Shu, Talas, Asa, Sarysu, Turgay, and Nura. The restriction of water resources 

in favor of economic development has already seriously affected the destruction of centuries-old natural 

complexes in the lower reaches of the Syr Darya, Ili, Shu, Talas, Asa, and other rivers [28]. 

 



103 

 

 
Figure 2 – Components of sustainability of irrigated agriculture. 

 

The second component is integrated water resource management. In irrigated agriculture of the 

republic, the principles of integrated water resources management (IWRM) are in place, which represent a 

multi-level, comprehensive approach to the use of water resources [31]. 

The third component - the key factor of the sustainability of irrigated agriculture is the technical 

condition and reliability of irrigation systems and structures. For the effective management of water and 

land resources, a coordinated action of natural, technical, and economic aspects is necessary. The level of 

technical equipment of irrigation systems is one of the specific features affecting the stability of irrigated 

agriculture. It is the type of systems used (engineering, semi-engineering, or non-engineering) that 

determines how sustainable irrigated agriculture will be [32]. The fourth component is economic 

sustainability, which implies the efficient use of water and land resources in agriculture. This is achieved 

by coordinating actual water costs with established standards for water consumption and water disposal. 

Identification and solution of problems in agricultural production requires the introduction of water-saving 

technologies. This aspect is especially important, since sustainable development is inextricably linked with 

economic efficiency. In other words, economic sustainability is a set of conditions that ensure the 

continuous growth of public wealth and the living standards of the population, passed on from generation 

to generation. Achieving economic sustainability in this context means effective management of 

agricultural and water production in the irrigated agriculture zone. 

Sustainable economic and financial development of irrigated agriculture is achieved through a 

comprehensive solution to several problems, including: revision of tariff policy, introduction of 

environmentally friendly and economically viable technologies for irrigated lands, active use of resource-

saving, primarily water-saving technologies and methods, expansion of the range of agricultural products 

in irrigated areas and increasing the overall efficiency of resource use. 

Social sustainability is the fifth key element. It is directly related to improving the situation of the 

rural population, which is achieved through increased employment and income, job creation, and increased 

labor efficiency. In areas with irrigated agriculture, social sustainability also requires the formation of a 

favorable demographic situation and an increase in the overall quality of life of rural residents [30]. 

The sixth component is environmental sustainability. In irrigated areas, it is necessary to implement 

scientifically proven measures aimed at preserving and restoring landscape and biological diversity. The 

goal is to maintain the ability of ecosystems to self-recover and neutralize the consequences caused by 

human impact. 

The seventh point involves in-depth research and constant monitoring of climatic conditions. 
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Thus, the listed components and methodological approaches to ensuring sustainability make it 

possible to determine the state and promote sustainable development of irrigated lands in the context of 

climate change. 

Conclusion. Based on the results of the conducted research, it can be concluded that the 

implementation of the proposed methods for increasing the sustainability of irrigated agriculture potential 

in the context of climate change is one of the most promising areas for increasing the productivity of 

irrigated lands and ensuring food security in the regions. 
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ТҮЙІН 

Бұл зерттеу аймақтық азық-түлік қауіпсіздігі үшін маңызды болып табылатын 

климаттың өзгеруі жағдайында суармалы егіншіліктің тұрақты дамуын қамтамасыз ету 

тәсілдерін зерттеуге арналған. 

Мақалада аймақтық азық-түлік қауіпсіздігін қамтамасыз етуге бағытталған климаттың 

өзгеруі жағдайында суармалы егіншіліктің тұрақты жұмысын қамтамасыз ету 

стратегиялары талданады. Суармалы егін шаруашылығының тұрақтылығына жиынтықта 

да, бөлек те ықпал ететін негізгі факторлар анықталған. Оларға мыналар жатады: су және 

жер ресурстарын ұтымды пайдалану, мелиорациялық жүйелердің жұмысқа қабілеттілігі 

мен сенімділігі, суармалы жерлерде ауыл шаруашылығы өндірісінің экономикалық 

тиімділігі, аймақтардың әлеуметтік тұрақтылығы және экологиялық тепе-теңдік. 

Жұмыста аймақтардың азық-түлік қауіпсіздігіне тікелей әсер ететін климаттың 

өзгеруі жағдайында суармалы егіншіліктің тұрақтылығына қол жеткізу жолдары 

қарастырылған. Суармалы егіншіліктің тұрақтылығына су және жер ресурстарының 

қолжетімділігі мен тиімді басқарылуы, мелиорациялық жүйелердің техникалық 

жарамдылығы мен сенімділігі, суармалы жерлерде ауыл шаруашылығы өндірісінің 

экономикалық тиімділігі, аймақтардың әлеуметтік тұрақтылығы және экологиялық тепе-

теңдікті сақтау сияқты бірқатар факторлардың синергетикасы арқылы қол жеткізілетіні 

атап өтілген. 

Зерттеу сонымен қатар су шаруашылығы жүйелерінің жұмыс істеу мәселелерін 

қарастырады және климаттың өзгеруі жағдайында суармалы егіншілікте табиғи және 

өндірістік ресурстарды пайдаланудың тұрақтылығын талдайды. 
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Настоящее исследование посвящено изучению подходов к обеспечению устойчивого 

развития орошаемого земледелия в условиях климатических изменений, что является 

критически важным для продовольственной безопасности регионов.  

Анализируются стратегии обеспечения стабильной работы орошаемого земледелия в 

условиях изменения климата, направленные на гарантирование продовольственной 

безопасности регионов. Выявлены ключевые факторы, способствующие устойчивости 

орошаемого земледелия как в совокупности, так и по отдельности. К ним относятся: 

рациональное управление водными и земельными ресурсами, исправность и надежность 

мелиоративных систем, экономическая жизнеспособность агропроизводства на орошаемых 

землях, социальная стабильность регионов и экологическое равновесие.  

В работе исследуются пути достижения устойчивости орошаемого земледелия в 

контексте климатических изменений, что напрямую влияет на продовольственную 

безопасность регионов. Подчеркивается, что устойчивость орошаемого земледелия 

достигается благодаря синергии ряда факторов, таких как: наличие и эффективное 

управление водными и земельными ресурсами, техническая исправность и надежность 

мелиоративных систем, экономическая жизнеспособность агропроизводства на орошаемых 

землях, социальная стабильность регионов и сохранение экологического баланса.  

Исследование также затрагивает вопросы функционирования водохозяйственных 

систем и анализирует устойчивость использования природно-производственных ресурсов 

в орошаемом земледелии в условиях климатических изменений. 

 


