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Abstract

Modern climatic changes and global economic challenges pose the task of modernization for the agro-industrial
complex of Kazakhstan. With the growing global demand for food and increasing environmental risks, the sustainable
development of agriculture is becoming strategically important.

The purpose of the study is to identify the key elements of the agro—industrial complex modernization strategy
aimed at adapting to climate change and overcoming economic challenges.

The research is based on the analysis of statistical data, scientific publications and examples of successful
practices from international experience. As part of the work, the main problems of the Kazakh agro-industrial complex
were identified, including soil degradation, reduced yields, water scarcity and high dependence on climatic conditions.
At the same time, internal and external factors affecting the industry's development were analysed, including price
instability in global markets, limited access to finance, and the need for digital transformation.

The results of the study show that an effective modernization strategy should include the following key areas:

The introduction of sustainable technologies, including the transition to precision farming systems, the use of
energy- and water-saving technologies, and the development of organic agriculture.

Digitalization of the industry: creation of platforms for monitoring and managing agricultural production, the
use of drones, satellite data and 10T to improve the accuracy of operations.

Strengthening government support: developing incentives for farmers and businesses adopting environmentally
friendly technologies, including tax incentives and subsidies.

Development of the processing and storage infrastructure, which will ensure a reduction in crop losses and an
increase in export potential.

The scientific novelty of the research lies in the development of an integrated approach to the modernization of
agriculture, which combines technological innovations, adaptation to climate change and economic sustainability.

Keywords: agro-industrial complex, climate change, economic challenges, modernization, sustainable
development, precision agriculture, digitalization.

Introduction

Modernisation of Kazakhstan's agro-industrial complex is the most crucial task for ensuring
the country's food security, enhancing its economic sustainability, and adapting to global
challenges. Previous studies (Smith, 2020; Zhang, 2021; Abdrakhmanova, 2023) have highlighted
that while Kazakhstan possesses significant agricultural potential, the sector still lags behind
international standards in terms of technological development, digitalization, and sustainable
practices. Researchers note persistent problems such as low labour productivity, insufficient
infrastructure, weak integration into global value chains, and limited access to innovation.
However, most works have focused either on general trends in global agriculture or on narrow
technological aspects, without offering a comprehensive analysis of modernization strategies
adapted to Kazakhstan's regional specificities. This gap demonstrates the need for a more
systematic and contextual study.

In the context of global climate change and economic instability (for example, fluctuations
in agricultural prices, foreign economic sanctions and trade wars), agriculture faces serious threats
such as declining yields, depletion of natural resources and deterioration of agricultural land
quality. These factors are consistently emphasised in the works of international organisations
(FAO, OECD), but there is a lack of country-specific studies that consider Kazakhstan's unique
conditions. These challenges require the agricultural industry to implement innovative and
sustainable solutions that can increase its competitiveness and efficiency.

In addition, Kazakhstan, with its vast territories, diverse natural resources and favourable
climatic conditions, has significant potential for agricultural growth. However, to realise this
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potential, it is necessary to carry out a deep modernisation of the sector, including digitalisation,
the introduction of new technologies and strengthening environmental sustainability. Despite the
recognition of these priorities, earlier studies often neglect the role of regional disparities and
socio-economic factors, which limit the applicability of their recommendations. In modern
conditions, such a transformation is becoming not only a necessity, but also a guarantee for the
successful development of the rural economy in the future.

Materials and methods of research

Kazakhstan has significant agricultural land, but despite this, the efficiency of land use
remains low. The structure of acreage in the country is traditionally focused on the cultivation of
cereals, in particular wheat, which occupies more than 60% of the total area of crops. However,
with the growing global demand for other agricultural products such as oilseeds, vegetables and
fruits, it is necessary to diversify the acreage to increase the sustainability of production. Yields in
Kazakhstan vary depending on the region and climatic conditions, but on average, they remain
below the global level, due to the use of insufficient agricultural techniques and outdated farming
methods.

The agro-industrial complex of Kazakhstan is characterised by a high share of the
agricultural sector in the economy; however, the profitability of most farms remains low due to
insufficient innovation, high dependence on climatic factors, and low mechanisation of production.
The country's export potential is relatively high, especially in the segment of grain and meat
products; however, there is a significant dependence on foreign markets and price fluctuations. It
is expected that with the growth of export volumes of agricultural products such as wheat and
sunflower, Kazakhstan will be able to take a more stable position in international markets.

The object of this research is the agro-industrial complex of Kazakhstan, which includes
crop production, livestock, rural infrastructure, and the socio-economic conditions of rural
territories. The sector was chosen as the object because of its decisive role in ensuring food
security, employment, and the export potential of the national economy.

To study its current state and prospects for modernization, a combination of methods was
applied:

« Statistical analysis — used to process data from the Bureau of National Statistics of the
Republic of Kazakhstan, the Ministry of Agriculture, and international databases (FAO, OECD,
World Bank). This made it possible to evaluate the dynamics of production, yields, and investment
flows.

« Comparative analysis — applied to compare Kazakhstan’s indicators with global and
regional benchmarks, as well as to identify structural gaps in productivity and resource use.

« Content analysis of scientific literature and policy documents — enabled the identification
of trends and problems already described by other researchers, and helped reveal gaps (for
example, insufficient attention to regional disparities and adaptation to climate change).

« Case study method — focused on selected regions of Kazakhstan with different climatic and
infrastructural conditions, which allowed to assess how local factors influence the effectiveness of
modernization measures.

« Expert evaluation — included the opinions of agricultural economists, policymakers, and
practitioners, used to validate statistical findings and ensure the practical relevance of conclusions.

« System approach — applied to consider the agro-industrial complex as an integrated system
where production, technology, environmental sustainability, and rural development are
interconnected.

The choice of these methods is justified by the complexity of the problem: modernization of
agriculture requires both quantitative assessment (statistics, comparisons) and qualitative
understanding (expert evaluations, case studies). The system approach ensures that all factors —
economic, technological, environmental, and social — are studied in their interaction.

The rural population makes up a significant part of the total population of Kazakhstan, and
the agricultural sector remains the primary source of employment in many regions. However, the
standard of living in rural areas remains lower than in urban areas, due to low incomes, limited
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access to social infrastructure, and high rates of urban migration. Problems such as the shortage of
qualified personnel, high workload and lack of investment in rural development are significant
barriers to improving the standard of living of the rural population.

As noted by Doychinova J. and Stoyanova Z. in their research, "analyzes how the
transformation of agriculture differs in different regions of Bulgaria and its impact on rural
sustainability. Using data from the agricultural census and an analysis of the data set, the authors
of the study revealed significant regional differences in effectiveness” [1]. Ultimately, the ISSA
offers policy recommendations on agricultural strategies tailored to specific regions, aiming to
enhance resource utilisation and promote sustainable rural development. The transformation of
agriculture in Bulgaria is taking place unevenly, which affects the economic, social and
environmental sustainability of various regions. These differences are due to access to resources,
government support, and the level of infrastructure.

As noted by Mendes-Zambrano P. V., Tierra Perez L. P., Ureta Valdez R. E. and Flores
Orozco A. P. in their research "dedicated to ICT and digital innovations in agriculture and how
they can eliminate gaps in rural development and contribute to sustainable development™ [2]. The
authors summarise the results of 40 relevant studies on digital tools for managing soil, water and
other resources. The review highlights how the introduction of ICT-based innovations can increase
productivity and engagement in agriculture. It provides recommendations for policymakers to use
these technologies for sustainable agricultural development.

The Action Plan for the implementation of the State Program for the Development of the
Agro-industrial Complex 2017-2021 provides for the reconstruction of 41 emergency reservoirs,
the main purpose of which is the safe operation of water resources management facilities. In
addition, it is planned to build 22 new reservoirs with a total additional accumulation of water in
the amount of 1.9 billion m3 in the amount of 57.2 billion tenge in 7 regions. In 2017, the National
Company Kazakhstan Garysh Sapary planned to launch a geoportal for accounting water resources
based on space monitoring data [3]. The State program provides for the reconstruction of
emergency reservoirs and the construction of new reservoirs, which contributes to improving water
resources management and safe operation. Additional accumulation of 1.9 billion m3 of water in
7 regions will increase the water availability of the regions. The introduction of a geoportal based
on space monitoring is aimed at digitalisation and effective management of water resources.

At the moment, a local emergency regime continues to operate in eight regions of
Kazakhstan, despite a gradual decrease in water levels. According to the Ministry of Agriculture,
more than 8,000 cattle were killed, and the total amount of applications for damage compensation
reached 22,475. Two hundred seventy-eight million tenge has already been allocated for this
purpose, but the final amount of economic losses from floods is still being calculated. Experts
warn that the damage could be much more severe than expected due to the long-term effects on
the agricultural sector.

Large-scale floods have led to the loss of agricultural resources, including seeds, fuels,
lubricants, and agricultural machinery, which will significantly reduce the readiness of farms for
the sowing campaign. Farmers face difficulties in obtaining compensation, as it is often impossible
to prove losses. The largest losses were incurred by small and medium-sized farms that do not
have the resources to account for stocks and assets systematically.

As Hassoun A. notes in his study, "A comprehensive overview of how digital technologies
(industry 4.0) are changing the agri-food sector, with an emphasis on the acceleration caused by
COVID-19"[4]. It examines examples of innovations, such as blockchain for supply chains,
artificial intelligence for agriculture, and Internet of Things sensors. It explores the role of the
pandemic in accelerating the adoption of these tools. The article also identifies key issues (e.g.
infrastructure, skills) and describes how broader digitalisation can enhance the sustainability and
efficiency of the food system.

One of the major problems is the erosion of pastures and agricultural lands. Streams of water
have brought seeds of weeds, including poisonous species, to the fields, which will lead to
additional costs for their cleaning and lower yields. In addition, the boundaries of the fields have
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been violated, which makes it difficult to account for and redistribute land resources. According
to agroanalyst Kirill Pavlov, "late sowing and difficult weather conditions in 2024 may
significantly reduce crop volumes, which will negatively affect the gross agricultural product.” As
noted by agroanalyst Kirill Pavlov, a decrease in crop volumes will directly affect the gross
agricultural product. This may lead to a slowdown in the growth of the agro-industrial sector and
negatively affect the overall state of the economy, especially in rural areas.

As noted by Deng F., Jia S., E. M. and Li Z. His research "explores the synergy between the
transformation of agriculture (towards high-quality and sustainable production) and technological
innovation in China's major grain regions™ [5]. The study uses regional data to assess how
advances in technology (e.g., new farming methods, "smart agriculture™) complement structural
changes in agriculture. The report notes that aligning innovation with farming practices is crucial
to increasing productivity and sustainability. Policy implications include increased support for
research and development, as well as encouragement of innovations that directly contribute to the
modernisation of agriculture in these regions.

A recent analytical study (conference issue) that examines how Al-based solutions are
contributing to the transformation of agriculture. It examines the applications of artificial
intelligence in agriculture, from predictive analytics and crop monitoring to automated equipment,
and assesses their potential to increase yields, resource efficiency, and decision—making[6]. The
document identifies current trends in the introduction of artificial intelligence, barriers for small
farmers, and recommends strategies for integrating Al innovations into agricultural development
plans to ensure inclusive growth.

6. A comprehensive book that examines the role of agricultural information dissemination
services in the transformation and development of agriculture. It provides a global overview and
case studies by country on how information dissemination and advisory services help farmers
innovate [7]. Key topics include improving the productivity and livelihoods of smallholder
farmers, creating inclusive rural knowledge systems, and expanding and modernizing approaches.
The book highlights best practices and challenges in making the expansion an effective catalyst
for sustainable agricultural innovation and regional agricultural development.

A research monograph on the transition of EU agriculture to sustainable development and
low-carbon technologies [8]. It analyses the role of renewable energy sources and green
innovations in reducing the carbon footprint of agriculture, explores the development of a bio-
based economy, and examines EU policies and frameworks for sustainable agriculture. The book
examines climate change mitigation strategies in agriculture, such as precision farming, bioenergy,
and carbon farming, and assesses their impact on regional rural development and farm
competitiveness in Europe.

Despite government support, including financing of the sowing campaign of 580 billion
tenge, many farmers express doubts about the sufficiency of these measures. The lack of clear
compensation mechanisms, problems with the allocation of subsidies, and a shortage of credit
resources can exacerbate economic instability in the agricultural sector.

Environmental experts point out that the floods have caused not only direct damage to
agriculture, but also a threat to the environment. The erosion of cattle burial grounds, as well as
the ingress of household waste and chemicals into the water, can lead to the spread of infections
and soil contamination. It is necessary to conduct a comprehensive analysis of water and land
pollution, as well as develop a national climate change adaptation plan. The absence of such
measures may result in additional economic losses.

Over the past three decades, flood damage in Kazakhstan has increased substantially. If in
1993 the country faced losses of $60 million, then in 2024 this figure, according to experts, reached
a record amount of $444 million. This indicates an increase in the frequency and intensity of
natural disasters, as well as the need to strengthen the prevention and response system. Key natural
disasters, such as the collapse of the Kizilagash dam in 2010, have highlighted the vulnerability of
the infrastructure. This incident has become not only an economic, but also a humanitarian tragedy.
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The direct damage amounted to $40 million, and more than 300 people were injured. Such cases
require increased measures to protect critical facilities.

The floods of 2024 caused large-scale evacuations of the population. More than 111
thousand people were rescued, including 39 thousand children. Emergencies affected eight regions
of the country, which led to significant social costs associated with the placement of people, the
restoration of housing and assistance to victims.

More than 33,000 rescuers and over 4,000 pieces of equipment are involved in flood relief.
This underlines the importance of organising the effective work of civil defence services.
However, the scale of the consequences shows that existing resources are insufficient to prevent
such significant losses. The increase in damage from natural disasters indicates the need to review
natural risk management strategies. The introduction of modern monitoring technologies, the
construction of protective structures and the implementation of preventive measures can
significantly reduce the effects of floods.

The results and their discussion

Kazakhstan has diverse climatic conditions and geographical features, which directly affect
the development of the agro-industrial complex in different regions of the country. Each region
has its own strengths and weaknesses, which must be taken into account when planning
modernisation and investing in agriculture.

Economic challenges:

- Low labour productivity: Poor technological equipment and a low level of innovation limit
the opportunities for productivity improvement.

- Lack of investment: Limited access to financial resources hinders modernisation and the
introduction of new technologies.

- Risks of global instability: Fluctuations in prices for agricultural products on world markets
and inflationary processes in the national economy put pressure on the agro-industrial sector.

Climate change:

- Reduced yields: Changes in temperature conditions, increased droughts and natural
disasters lead to a decrease in agricultural production.

- Soil degradation: Accelerated erosion and declining fertility threaten sustainable crop
production.

- The need for adaptation: The need to develop climate-resistant agricultural technologies
and plant varieties.

Infrastructure and personnel:

- Deterioration of the infrastructure for storage, transportation and processing of products.

- Shortage of qualified specialists in the field of agricultural technologies.

Results and their discussion.

The development of the agro-industrial complex in Kazakhstan differs depending on the
geographical location and climatic conditions. The highest rates of agricultural production are
typical for such regions as North Kazakhstan, Akmola and Pavlodar regions, where grain
production prevails, as well as livestock and oilseed crops are developing. In the southern regions,
such as Zhambyl and South Kazakhstan, the emphasis is on growing vegetables, fruits, and
livestock. The eastern regions of the country, such as the East Kazakhstan region, are known for
developed dairy farming and the processing of agricultural products. In turn, areas such as Atyrau
and Mangystau regions face more serious problems due to dry climatic conditions and
underdeveloped agriculture, despite the availability of natural resources.

- Identifying the strengths and weaknesses of each region. Northern regions: strengths
include favorable climatic conditions for growing grain and industrial crops, as well as well-
developed infrastructure. The weak side lies in the seasonal dependence of production and the
limited development of animal husbandry. Southern and southeastern regions: the strong point is
the possibility of year-round production of fruit and vegetable products, as well as the availability
of traditional farming skills. However, the weak side is the high dependence on water resources
and the intensive use of chemical fertilisers. Western regions: the strengths are the availability of

X Hdocmyxamedos amuinoaset Ameipay ynusepcumeminiyy Xabapuivicol M3 (78) 2025 300
Becmuuk Amwipayckozo ynueepcumema umenu X./Jocmyxamedosa
Bulletin of Kh.Dosmukhamedov Atyrau University



Dxonomura ~ dxonomuxa ~ Economics . Andronova

natural resources and opportunities for the development of agro ecological agriculture, the
weaknesses are the lack of investment in agricultural technology and poor soils.

- Global trends and innovations in agriculture. In recent years, the agro-industrial complex
has been undergoing significant changes related to the introduction of innovative technologies.
These changes cover both digitalization and the use of biotechnologies and renewable energy
sources, which significantly improve the efficiency and sustainability of agriculture.

- Digitalization of agriculture is becoming a key trend to increase productivity, reduce costs
and improve agricultural management. Application of 10T, big data, and artificial intelligence

The Internet of Things (10T) technologies are being actively introduced in agriculture, which
make it possible to create smart farms with connected sensors, monitoring soil conditions, weather
conditions and plant health. Big data and artificial intelligence (Al) are utilised to process and
analyse this data, enabling the prediction of yields, optimisation of resource use, and informed
decision-making. For example, Al-based systems can analyze images from drones to diagnose
plant diseases, predict potential threats, and calculate the optimal time for harvesting.

Precision farming uses data gathered from GPS, satellites, and sensors to maximize the use
of resources such as water, fertilizers, and pesticides. Precision farming systems can reduce costs,
increase yields, and minimize environmental impacts. For example, the use of GPS technologies
and automated tractors can improve the accuracy of sowing and harvesting operations.

This fundamental law establishes the legal, economic, and organisational framework for the
state's support and regulation of agriculture and rural development in Kazakhstan. [9] It defines
key concepts, the roles of government agencies, and measures to support the agro-industrial
complex and farming communities. The law is at the heart of policies such as subsidies, rural
lending, stimulating innovation, and infrastructure development, ensuring sustainable agricultural
growth and improving rural living conditions in the country.

As outlined in the "Concept for the Development of the Agro-Industrial Complex of the
Republic of Kazakhstan 2021-2030", a strategic program that sets out long-term goals and
priorities for agricultural transformation in Kazakhstan until 2030, the aim is to improve
agricultural production efficiency through exploiting national competitive advantages. This
includes expanding export markets for Kazakhstani products, promoting organic farming, and
increasing irrigated land area. Additionally, the concept aims to ensure sustainable development
of the agricultural sector by considering various farm structures, enhancing rural infrastructure,
and preserving the environment.

The concept defines the long-term goals of modernizing the agro-industrial complex, taking
into account global climate change. It proposes measures to increase agricultural productivity and
sustainability through the introduction of modern technologies. The document focuses on
economic challenges such as market volatility and their impact on the industry. This strategic
vision is aimed at ensuring food security and environmental stability [10]. The concept offers a
comprehensive approach to modernizing the agro-industrial complex, taking into account the
climate. It strengthens the strategy of adapting the industry to economic and environmental
conditions.

The national project focuses on short-term measures to modernize agriculture in the face of
climate change. It provides for investments in infrastructure and technology to increase resilience
to environmental threats. The project also takes into account economic challenges such as rising
costs and the need for exports. This contributes to the creation of a flexible strategy for the
development of the industry in difficult conditions [11]. The project provides a practical basis for
modernizing the agro-industrial complex, taking into account the climate. It promotes rapid
adaptation to economic difficulties.

Modern approaches in agronomy make active use of data to predict plant growth, optimize
crop rotation patterns, analyze soil quality, and address issues related to diseases and pests.
Agronomic monitoring platforms collect data from sensors and satellites to provide farmers with
tailored advice on crop management and process optimization.
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Kazakhstan has diverse climatic conditions and geographical features, which, in turn,
directly affect the development of the agro-industrial complex across different regions. It should
be emphasized that each region demonstrates its own strengths and weaknesses, which, therefore,
must be carefully considered when planning processes of modernization and investment.

Economic challenges remain particularly acute. Thus, low labor productivity continues to
limit efficiency, as the level of technological equipment is insufficient and the pace of innovation
remains slow. In addition, the lack of investment, caused by restricted access to financial resources,
significantly hinders modernization. Moreover, global instability risks — including fluctuations in
world market prices for agricultural products as well as inflationary pressures within the national
economy — put serious pressure on competitiveness.

Climate change impacts have become increasingly evident. Reduced yields are observed due
to more frequent droughts, floods, and temperature fluctuations, which negatively affect
productivity. Equally important is the fact that soil degradation, expressed through accelerated
erosion and loss of fertility, undermines the long-term sustainability of farming. Consequently,
there arises an urgent need for adaptation, including the introduction of climate-resistant crop
varieties and the implementation of innovative agricultural technologies.

Infrastructure and personnel problems also remain unresolved. The deterioration of storage,
transportation, and processing facilities complicates the efficiency of agricultural supply chains.
At the same time, a shortage of qualified specialists in agricultural technology and management
further limits the sector’s ability to modernize.

Nevertheless, positive digitalization trends can be observed. The introduction of modern IT
solutions has reached 60% by 2024, reflecting the sector’s gradual shift toward digital
transformation. Furthermore, the number of startups in the agro-industrial sector increased from
50 in 2022 to 100 in 2024, which clearly illustrates the growing innovative potential. Similarly,
investments in agriculture rose from 2.1 to 3.0 billion USD over 2022-2024. As a result, positive
effects became visible in the growth of gross harvests, which increased from 17.5 to 19.0 million
tons.

On the other hand, the consequences of natural disasters have created serious setbacks. The
spring floods of 2024 caused large-scale damage: more than 8,000 cattle were lost, over 22,000
applications for compensation were submitted, and direct economic damage exceeded 444 million
USD. In addition, 111,000 people, including 39,000 children, were evacuated. The destruction of
agricultural machinery, seeds, and fuel reserves has significantly reduced readiness for the sowing
campaign. Moreover, erosion of pastures and the spread of poisonous weeds increased production
costs and lowered yields.

Equally alarming are environmental risks. Soil and water contamination, resulting from the
erosion of cattle burial sites and the spread of household waste, threatens to provoke infectious
diseases and long-term land degradation.

Finally, export potential risks should not be overlooked. A decline in grain and oilseed
production reduces Kazakhstan’s ability to maintain stable positions in global markets. At the same
time, domestic food price increases may arise from shortages of certain crops, thereby contributing
to inflationary pressures and directly affecting consumer welfare.

Nussipali R., Asilyan L.V., Grigoryan A.G. in their research analyzes “the transformation
of the agro-industrial complex of Kazakhstan in the context of climatic and economic changes.
The authors emphasize the need to introduce innovations to increase the efficiency and
sustainability of the industry. The work examines the impact of global warming on production and
ways to mitigate it. This supports a modernization strategy focused on environmental and
economic realities” [12]. The transformation of the agro-industrial complex requires consideration
of climatic factors for modernization. The study confirms the importance of innovation in
addressing economic challenges. Various solutions are being considered, ranging from breeding
new varieties that are more resistant to drought and changing the composition of crops, to
improving water and soil management. It is noted that successful adaptation requires
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comprehensive action at all levels (local, regional, national), as well as the removal of obstacles
(such as lack of investment and knowledge) to implementing these measures.

Grigorieva E., Livenets A. and Stelmakh E. in their research presents “an overview of
methods of adaptation of agriculture to climate change applicable to the agro-industrial complex
of Kazakhstan. The authors discuss the impact of extreme weather conditions on production and
propose technological solutions. The work highlights the economic consequences of climate
change for the industry”[13]. This contributes to the development of a modernization strategy that
takes into account environmental risks. The analysis confirms the need for the agro-industrial
complex to adapt to the climate to modernize it. He emphasizes the connection between
environmental and economic aspects.

Abdulkerimov, I., Ramazanova, A., and Saralinova, J. In his research, he examines the role
of green investments in modernising Kazakhstan's agro-industrial complex. The authors note that
such investments increase resilience to climate change and reduce costs. The work highlights the
economic benefits of environmentally-oriented projects. This strengthens the industry's
development strategy in the face of modern challenges [14]. Green investments are a key tool for
modernizing the agro-industrial complex. They provide a balance between ecology and
economics.

Baisholanov S.S., in his monograph analyzes the vulnerability of agriculture in Kazakhstan
to climate change. The author suggests adaptation measures, including technology modernization
and resource management. The work highlights the economic risks associated with climate and
ways to minimize them. This creates the basis for the strategic renewal of the agro-industrial
complex [14]. Consideration of climate vulnerability is necessary for the modernization of
agriculture. The monograph substantiates adaptation as part of an economic strategy.

Modernizing Kazakhstan's agricultural industry requires an integrated approach to
improving agricultural productivity, sustainability, and innovation. Considering modern
challenges such as climate change and economic instability, as well as the need to increase
competitiveness, modernization strategies should cover several key areas and utilize various
implementation tools.

Improving the productivity and quality of agricultural products is essential for the success
of any modernization efforts. This includes investing in research and development, implementing
new technologies, and providing training for farmers and agricultural workers. By addressing these
challenges, Kazakhstan can continue to grow and prosper in the face of changing climates and
market conditions. One of the main goals of modernization in agriculture is to increase productivity
and improve the quality of products. This can be accomplished through the introduction of new
technologies, such as precision farming and process automation. Additionally, the use of
genetically modified plant varieties and disease-resistant animal breeds can help to achieve these
goals. The Food and Agriculture Organization of the United Nations strategy offers global
approaches to adaptation of agriculture to climate change, applicable to Kazakhstan. The document
focuses on the sustainable development of agriculture through innovation and resource
conservation [15]. It takes into account economic challenges such as market instability and their
impact on the industry. This serves as a guideline for modernizing the agro-industrial complex in
the context of global changes. The strategy supports the modernization of agriculture, taking into
account the climate. It offers solutions to overcome economic difficulties.

The use of modern OT solutions for monitoring agricultural production. Development of
platforms for information exchange between farmers (Table 1).

Table 1 - Application of modern IT solutions for monitoring agricultural production by year
(2022-2024)

Parameters 2022 2023 2024

Gross harvest (million tons) 17,5 18,2 19,0
Investments in agriculture (million $) 2,1 2,5 3,0
Technology adoption rate (%) 30 45 60
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Number of new startups in the agro-industrial 50 75 100
complex
Note: Compiled by the authors

Table 1 clearly demonstrates the positive dynamics of digital transformation in Kazakhstan’s
agro-industrial sector. Thus, the gross harvest has been steadily increasing, rising from 17.5
million tons in 2022 to 19.0 million tons in 2024, which indicates gradual productivity
improvements. Moreover, the growth of investments in agriculture, which expanded from 2.1 to
3.0 billion USD over the same period, reflects both state support and growing interest from private
capital.

At the same time, the adoption rate of modern technologies shows even more striking
progress: from only 30% in 2022, the figure reached 60% by 2024. This suggests that digitalization
is becoming not just a supplementary tool but an integral part of production processes.
Furthermore, the number of new startups in the agro-industrial complex doubled in just two years,
increasing from 50 to 100. This dynamic may be interpreted as evidence of favorable conditions
for innovation and the gradual formation of an entrepreneurial ecosystem in agriculture.

In general, the presented indicators confirm the hypothesis that the modernization of the
agro-industrial complex in Kazakhstan is closely linked to digital transformation, investment
attraction, and structural diversification. However, it should be emphasized that the quantitative
growth of indicators still requires qualitative consolidation — for example, ensuring stable
efficiency gains, expanding access to advanced technologies for small and medium-sized farms,
and strengthening regional equity in modernization processes.

It is also important to develop domestic processing techniques to create added value for
products and improve export opportunities. Conservation of natural resources and adaptation to
climate change are also essential aspects of this process.

-~ Production Volume (thousand tons) =@~ Investments {million USD) —a— Climate Index

Figure 1 - Analysis of AIC Modernization (2022—-2024) in the Context of Climate Change

and Economic Challenges.
Note: Compiled by the authors.
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This figure illustrates the relationship between production indicators, investment flows, and
climate risks in Kazakhstan's agro-industry over the period 2020-2022. Despite a decrease in
production volume in 2021 due to unfavorable climatic conditions (from 1,200 to 1,150 thousand
tons), steady growth in investments (from $50 million to $75 million) laid the groundwork for
recovery in 2022 when production increased to 1,300 thousand tons.

The climate index, which peaked at 1.5 in 2021, highlights the vulnerability of agriculture
to external risks, but subsequent improvements demonstrate the beneficial impact of technological
and financial modernization.

Adaptation to climate change and efficient use of natural resources, such as land, water, and
biodiversity, requires the introduction of sustainable agricultural technologies. These include
resource-efficient irrigation methods and improved soil quality through the use of organic
fertilizers and biological plant protection. It is also crucial to develop water management
technologies, especially in arid regions like Kazakhstan, where water is a limiting factor for
agriculture.

For sustainable growth, it is essential to promote the development of the agro-industrial
complex as a whole, including the processing of agricultural products, logistics, and the creation
of modern storage and transportation infrastructure. Currently, only about 25% of agricultural
products in Kazakhstan are processed, while in developed countries this figure reaches 70-80%.
By increasing the share of processing to at least 50% by 2030, Kazakhstan could add more than
$3 billion annually to its agricultural GDP. The development of agricultural parks and clusters
would integrate various stages of production and increase efficiency by 15-20% across the
industry.

Another important area is the support for small and family farms, which form the backbone
of Kazakhstan's rural economy and account for over 60% of all agricultural producers. Currently,
approximately 45% of rural households lack access to preferential financing, and only one in five
small farms are involved in modern supply chains.

Expanding access to affordable credit, training programs, and improved logistics could boost
small farm productivity by 30-40%, leading to increased agricultural diversification, enhanced
food security, and the creation of up to 150,000 new rural jobs by 2030.

Government support is a crucial tool for modernizing the agricultural sector in Kazakhstan.
In 2022, the country allocated 445 billion KZT in subsidies, which covered up to 25% of
machinery purchases and 50% of seed costs. Farms that received these subsidies saw an increase
in output of 12-15%.

The National Project for the Development of the Agro-Industrial Complex of Kazakhstan
aims to modernize agriculture through various measures, including doubling agricultural exports
and increasing the share of processed goods to 70%. By 2025, the project aims to increase labor
productivity by 2.5 times and ensure 100% domestic food security.

To achieve these goals, we have planned over 900 investment projects in seven priority
sectors: meat, milk, grains, fruits, vegetables, sugar, and oilseeds. These projects will involve up
to 350,000 farms and small and medium-sized enterprises (SMEs) in the value chain. This will
create approximately 500,000 new jobs and increase the income of one million rural residents by
2025.

We must take regional differences into account when planning these projects. In southern
and central Kazakhstan, only 40% of potential arable land is currently irrigated. This leads to a
loss of up to 25% of crops during drought years. Investing in irrigation and water management
could increase yields by 35-40%. In northern and eastern regions, average grain productivity is
12-14 centners per hectare, significantly lower than the OECD average of 30-35 centners/ha.
However, modern technologies could double yields within 5-7 years.

Clusters and specialized production zones play a crucial role in the development of
agriculture in Kazakhstan. For instance, a fruit production and processing cluster in South
Kazakhstan could process up to 500,000 tons of fruit annually, significantly reducing post-harvest
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losses which currently average between 20% and 25% to less than 10%. This would create tens of
thousands of direct jobs and indirectly benefit the rural service sector.

In East Kazakhstan, a dairy and meat production cluster could increase milk production from
850,000 to 1.2 million tons annually by 2030. This would ensure the local processing of over 80%
of raw milk and create additional jobs. Both these clusters would contribute to the economic
growth and prosperity of Kazakhstan.A project to improve the irrigation system and introduce
water-saving technologies is currently being implemented in the South Kazakhstan region. This
project aims to improve agricultural conditions in the face of water scarcity by introducing drip
irrigation and other modern water management techniques, as well as biotechnological solutions
such as drought-resistant crop varieties. These measures are expected to significantly increase crop
yields and reduce water consumption, making agriculture more resilient to changing climate
conditions. This project demonstrates the potential of innovative solutions to help agriculture adapt
to climate change.

The agricultural cluster in the Pavlodar region, including grain production, processing, and
logistics, has seen steady growth. In 2023 alone, grain processing facilities in the area processed
over 600,000 tons of grain, representing an 18% increase from 2021. Thanks to modern storage
technologies, post-harvest losses were reduced from 12-14% to 6-7%, significantly improving
efficiency.

The development of the logistics infrastructure has allowed the region to increase grain
exports by 22% in the past three years, enhancing its competitiveness on foreign markets. This has
been achieved through the establishment of modern plants, which have created more than 1,200
new jobs and provided stable employment in rural areas.

In East Kazakhstan, a large-scale dairy project is underway. The region currently produces
over 900,000 tons of milk annually, accounting for nearly 15% of Kazakhstan's total milk output.
This project aims to increase production by 25% over the next five years while improving product
quality to international standards.

The establishment of processing facilities and modern distribution networks will create
approximately 1,500 new jobs, boosting local economic growth. Farmers are benefiting from
access to advanced feeding systems and veterinary services, which are helping them increase milk
yields from 3,500 liters per cow per year to 5,000 liters. This not only improves productivity but
also ensures profitability for farmers.

However, the shortage of skilled professionals remains a significant challenge. According to
recent estimates, Kazakhstan faces an annual shortfall of over 5,000 professionals in the fields of
agronomy, agricultural engineering, and farm management. Surveys have shown that only 35-40%
of rural workers possess the skills necessary to operate modern agricultural equipment and utilize
digital technologies. Unless there is systematic investment in vocational education and training,
the gap between the available human resources and the demands of modern agriculture is likely to
continue to grow.

Additionally, legislation lags behind technological advancements. While more than 200
farms in the country have started using drones and precision farming techniques, existing legal
frameworks do not clearly define the use of aerial surveillance technologies or the handling of
large data sets. Similarly, initiatives in the field of biotechnology are underutilized, as less than
5% of farms apply bio-based solutions due to ambiguous regulatory mechanisms.

Institutional fragmentation further complicates the process of modernization. According to
analysis, at least 20-25% of agricultural projects experience delays due to poor coordination among
the Ministry of Agriculture, local authorities, and research institutions. This lack of integrated
strategies leads to the duplication of initiatives and the inefficient use of budget resources. In 2022
alone, overlapping regional and national programs resulted in an estimated 8 billion tenge of
inefficient spending.

To address these issues, we recommend that government agencies work together to establish
a more coordinated approach. They should identify common goals and objectives, share
information and resources, and collaborate on projects that promote the modernization and
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development of the agro-industry. This will help to create a more efficient and effective system
that benefits all stakeholders involved.

- Develop and implement flexible and adapted legislation to take into account the new
challenges and opportunities in agriculture, including support for innovation in biotechnology and
water resources management.

- Strengthen cooperation between government agencies responsible for agricultural policy
at the central and local levels.

- Provide more accessible forms of government support for farmers, such as subsidies for
new technologies, preferential loans, and training programs.

For businesses:

- Invest in precision farming, biotechnology, and data-driven agriculture to increase
productivity and competitiveness in foreign markets.

- Foster cooperation and the formation of agro-clusters to reduce costs, improve logistics,
and create unified sales channels for smaller farmers.

- Focus on long-term investments in sustainable agriculture, taking into account the needs of
climate change adaptation and long-term profitability.

For farmers:

- Actively participate in training and professional development programs to adapt to new
technologies and effectively use innovations to increase yields and improve product quality.

- Cooperate with other farmers in cooperatives and agricultural clusters to pool resources for
the effective implementation of new technologies and access government subsidies.

- Implement sustainable agricultural practices such as water-saving irrigation methods and
organic farming to improve the environment and increase profitability.

In the long term, the agro-industrial complex of Kazakhstan has significant potential for
development if modernization strategies are implemented. Through the introduction of innovative
technologies, improvement of infrastructure, and promotion of sustainable agriculture, Kazakhstan
can become a key player in the global food market.

The proposed strategies for modernization of the agro-industrial sector aim to achieve
significant results, including increased productivity, attraction of investment, adaptation to climate
change, and development of human resources. To successfully achieve these goals, an integrated
approach is needed, including government support, infrastructure development, and the
introduction of innovative technologies.

Table 2 - Presents forecasts for the main areas of modernization

Direction Goals Forecast for 5 years Forecast for 10 years
Technological 20% increase in | Increased efficiency by 35% | Automation of processes by
modernization productivity% 50%

Investment

Increase in funding by 15%

Attracting 10 large investors

Export increase by 25%

Climate adaptation

Reduction of crop losses by
10%

Increasing soil stability by
15%

Stabilization of the
production level

Personnel
development

Training of 5,000 specialists

Professional
by 30%

development

Increasing the number of
scientific studies

Note: Compiled by the authors

Analyzing the data on the modernization of the agricultural sector in Kazakhstan, several
significant aspects stand out. First and foremost, the government has been actively collaborating
with businesses to attract investments and finance innovative projects. This has led to the
establishment of modern infrastructure, including logistics, processing, and storage facilities for
agricultural products. The government has also provided support to farmers through subsidies, tax
benefits and access to new technologies. Additionally, educational programs have been
implemented to enhance the skills of agricultural professionals and introduce new techniques.

Despite the positive progress made in the modernization of Kazakhstan's agro-industrial
complex, there are still several challenges and risks that need to be addressed. One of the most
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significant issues is the lack of financial resources to implement programs. Another challenge is
the slow adoption of innovative farming practices by farmers, largely due to a lack of skilled
specialists and training opportunities. Additionally, the increasing impact of climate change
necessitates continuous adjustments to development strategies and the implementation of resilient
agricultural methods.

Long-term success in Kazakhstan's agriculture depends on effectively adapting to climate
change, improving soil fertility, and managing water resources, as well as implementing
environmentally friendly and resource-efficient production practices. These measures are crucial
for achieving sustainable growth and enhancing the competitiveness of the industry. Sustainable
agricultural development will depend on the pace and effectiveness of reforms in education, social
welfare, and natural resource management. Modernization of the agro-industrial sector in
Kazakhstan necessitates an integrated approach and collaboration among all parties involved to
enhance the sector's competitiveness and improve the socio-economic conditions in rural areas.

These efforts will ensure long-term sustainable development and contribute to the overall
prosperity of the country.

Conclusion

The modernization of the agro-industrial complex in Kazakhstan is crucial for ensuring food
security, sustainable economic growth, and strengthening the country's position in international
markets. Based on our analysis, we have drawn the following conclusions:

- The need for a comprehensive strategy: Successful modernization requires combining
technological advancements with increased productivity, resource conservation, and adaptation to
climate change. It is essential to take into account regional differences in the use of irrigation,
water-saving techniques, and focus on improving grain yields and livestock production.

- The central role of innovation and digitalization in modernizing agriculture: Innovation and
digital technologies are essential for the modernization of the agro-industry. These technologies
can help increase efficiency, reduce costs, and enhance productivity. They also contribute to
improved traceability and transparency in food production, which are crucial for ensuring food
safety and quality.

For example, the introduction of precision farming, 10T, Al, and biotechnology has already
demonstrated positive impacts on agriculture. Between 2022 and 2024, gross harvests increased
from 17.5 million tons to 19 million tons, while technology adoption reached 60%. These statistics
show that these technologies have been effective in boosting crop yields and enhancing efficiency.

Expanding the use of these technologies will further enhance agriculture's resilience to
climate risks and improve its cost-effectiveness. Government support plays a crucial role in this
process. Subsidies, preferential loans, tax incentives, and training programs are essential tools that
can stimulate innovation in the agricultural sector. However, it is also necessary to improve the
legislative framework in areas such as biotechnology, water resources, and environmental
sustainability to accelerate modernization and ensure long-term success.

Despite the potential benefits of using new technologies in agriculture, some challenges and
risks need to be carefully considered. For example, there are concerns about data privacy and
security as well as potential misuse of Al. Additionally, there could be concerns about the impact
on local economies and labor markets.

It is essential to balance the potential benefits with these risks and challenges when
considering the use of new technologies. The floods of 2024 highlighted the vulnerability of
agriculture to climate change and underscored the need for preventive measures and enhanced
infrastructure. It is crucial to implement better risk management systems to protect our agricultural
sector from future disasters.

Human capital development is crucial for the modernization of agriculture. The lack of
skilled professionals in the fields of agricultural engineering, management, and digital technology
is hindering progress. Expanding vocational training programs and establishing knowledge
transfer centers in rural areas is essential for long-term transformation.
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To enhance competitiveness, it is recommended that investments be increased in precision
agriculture, biotechnology, and renewable energy. Government cooperation should be
strengthened and legislation adapted to global technological advancements. Small and medium-
sized farms should receive support through training, financial assistance, and integration into
agricultural clusters.

Adaptation measures should be implemented to minimize losses due to climate change. This
includes creating drought-resistant plant varieties and installing advanced irrigation systems.
Future research opportunities exist in these areas.

Research should focus on quantifying the impact of climate change on agriculture,
evaluating the effectiveness of digital tools for optimizing resources, and assessing the economic
feasibility of large-scale biotechnological solutions.
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KJIMMATTBIH ©31I'EPYI ZKOHE S9KOHOMHUKAJIBIK CbIH KATEPJIEP
KATJAUBIHIA ATPOOHEPKOCIIITIK KEIHEHAI )KAHFBIPTY

CTPATEI'UsACBIHBIH HEI'I3AEPI

AHgarna

3amMaHayW KIMMATTBIK e3repicrep MeH kahaHIBIK OSKOHOMHKAIBIK CBIH-KaTepiep KasakcTaHHBIH
arpoOeHEPKICINTIK KEeIIeHIH JKaHFBIPTY MIHICTIH KOWBINT OTHIP. ABBIK-TYJIKKE OIEMIIK CYPaHBICTBHIH ©Cyl >KOHE
9KOJIOTHSUIBIK TOYEKeNICpAiH apTyblHa OaiTaHBICTHl aybll IIAPYyaIIbUIBIFBIHBIH TYPaKTHl AAMYbl CTPaTEeTHsIIBIK
MaHpI3Fa ue 0omyna.

3epTTeyniH MakcaThl — KIMMATTHIH ©3repyiHe OeHiMIenyre »oHe SKOHOMHUKAIBIK KHBIHIBIKTAPIBl JKEHYTE
OarpITTallFaH arpOOHEPKACINTIK KEIICHJ JKaHFBIPTY CTPATETHACHIHBIH HEri3ri 3JEeMEHTTEpIH aHbIKTay. 3eprrey
CTAaTHCTHKAJIBIK JEPEKTEP/i, FhUIBIMU JKapHAIaHBIMAAPIbl KOHE XaNbIKapajblK TKIPUOEHEH allbIHFaH TaOBICTHI
TOXIpuOenep i MbICANIAPBIH TAJAayFa HeriznenreH. JKyMbIc aschblHIa Ka3aKCTaHIbIK arpOOHEPKACINTIK KeIIEeHHIH
Heri3ri npobseManapsl, OHBIH iIiHJIE, TONBIPAKTHIH JeTPalalUsichl, OHIMIUIIKTIH TOMEH/IEYi, CY TalllIbUIBIFb )KOHE
KJIMMATTBIK JKaFJaillapra >KOFapbl TOYEJIUIIK aHBIKTAIABL. Bysl peTrTe canaHblH AaMyblHA dcep €TETIH ILIKi KoHe
CBIPTKBI  (hakTOpiap, MbICANbl, QJIEMJIK HAapbIKTApAarbl OaraHblH  TYPaKCHI3ABIFBI,  Kap KbUIAHIBIPYFa
KOJDKCTIMIUTIKTIH IIEKTENyi, MUPPIBIK TpaHCHOPMAITUIHBIH KaKSTTUTIT Tl TaH b

3epTTey HOTHKEIEepi MOINCPHHU3AIMSIHBIH THIMAI CTPATETHSICH Keleci HeTi3ri OarbITTapAbl KaMTYBI Kepek
eKeHIH KepceTeIi:
—  TypakTsl TEXHOJOTHSIIAPIBI CHII3Y: JOJIME - 1OJI eTiHIIUTIK XKyielepiHe Kolry, SHepT U MEeH CyIbl YHEMACHTIH
TEXHOJIOTHSIIAPbI KOJIaHy, OPraHHKAIIBIK aybll IapyallbUIBIFBIH TaMBITY.
—  Canansl nu¢plaHablpy: aybUIIIAPYaNIBUIBIK OHIIPICIH 0aKbUIAay JKOHE OacKapy YHIiH ruaTdopmaiap Kypy,
ornepanysUIapablH JAQJICIH apTThIPy YIIIH IPOHIAP/BI, CIYTHUKTIK ACPEKTepHdi koHe 3artap MHTepHETIH
naijianany.
—  MemnekerTik Konjayabl KYLIEHWTY: SKOJOTHSUIBIK Ta3a TEXHOJIOTHSJIAP/bl, COHBIH IIIIHAE CalbIKThIK
JKEHUTIIKTEp MEH CyOCHANSIIAp/Ibl SHTI3eTIH (hepMepliep MEH KaCIOPbIHAAP bl BIHTANAHIBIPYAbL JAMBITY.
—  Owmjey *oHe cakTay HHPPaKYpHUIBIMBIH JaMBITY, OYJI JaKbUIAAP.IBIH IIBIFBIHBIH a3alTyAbl XKOHE SKCIOPTTHIK
QNIEYeTTi apTTHIPY/Ibl KAMTaMachl3 €Te/i.
3epTTeyAiH FhIIBIMH )KaHAIBIFbI TEXHOJIOTUSUTBIK MHHOBALIMSIIAPIBI, KIIMMATTHIH ©3repyiHe OeHiMIeny i xaHe
SKOHOMUKAIIBIK TYPaKTBUIBIKTHI OIPIKTIPETIH aybll IMApyarIbUIBIFBIH KAHFBIPTYIBIH KEIICHAI TOCIUTIH d3ipieyre
KATBIP.

Heri3ri ce3aep: arpoeHepKocinTiK KeIIeH, KIMMATTBIH ©3repyi, JKOHOMHKAIBIK npodiemanap,
MOJICpHHU3AIIMs, TYPAKThI AaMy, HAKThI aybll IIapYalllbUIbIFbl, IUQPIAHIBIPY.

OCHOBBI CTPATEI'NM MOAEPHU3AIUU AT'POITPOMBIIIVIEHHOT'O
KOMIIVIEKCA B YCJIOBUAX UBMEHEHUSA KIIMMATA U 9dKOHOMUYECKHUX
BbI3OBOB

AHHOTANNA

CoBpeMeHHbIC KIMMATHUYSCKHE HW3MEHECHHsS W TIIO0aJbHBIC JKOHOMHYECKHE BBI3OBBHI CTaBAT MeEpen
arpoIpOMBINIICHHBIM KoMILIekcoM KazaxcraHa 3amady MOJepHHU3aMH. B yCIOBHAX pacTymiero MHpOBOTO CIIpoca
Ha TPOJOBOJBCTBAE W BO3PACTAIOMIMX 3KOJOTHMYECKHX PHCKOB YCTOHYMBOE pa3BUTHE CEIBCKOTO XO3sicTBa
CTaHOBUTCS CTPATETHUECKU BaKHBIM.

Lenpto wuccrnenoBaHus — SBISETCS  BBIABICHHWE KIIIOUYEBBIX OJEMEHTOB  CTpaTerHMd  MOJCpPHU3ALUHU
arpoNpPOMBIIIUICHHOTO KOMIUIEKCa, HANpaBlIeHHOW Ha aJanTalWi0 K W3MEHEHHWIO KJiuMara M MPeooJieHHe
YKOHOMHYECKHUX BBI30BOB.

HccnenoBanne OCHOBAaHO Ha aHANM3€ CTATUCTUYECKUX JAHHBIX, HAYYHBIX MYyOJMKAMA W TPUMEPOB
YCHEIIHbIX MPaKTHK W3 MEXIYHAPOJHOTO OmbiTa. B pamkax pa®oTshl ObUIM BBISABICHBI OCHOBHBIE MPOOJIEMBI
arpoIpoOMBINIICHHOT0 KoMIUIekca KaszaxcraHa, BKIFOYas JerpajallMio TOYB, CHIDKEHUE YPOXKaWHOCTH, NEHUIHT
BOJIBI X BBICOKYIO 3aBHCUMOCTH OT KIIMMATHYECKHX YCIOBUH. B To e Bpems ObLIH MTpOaHATH3UPOBAHEI BHYTPCHHHE
W BHEUIHHE (haKTOPHI, BIUSIOIIAE HA Pa3BUTHE OTPACIH, TAaKUE KaK HECTAOWIFHOCTh IIEH HAa MHPOBBIX PBIHKAX,
OTpPaHUYEHHBIN TOCTYI K (PMHAHCUPOBAHHIO U HEOOXOIMMOCTE IIU(PPOBOI TpaHCHOpMAIIHH.

PesynbraThl mccieOBaHUS MOKA3BIBAIOT, YTO (P(GEKTHBHAS CTPATETHUS MOJCPHHU3ALUU JIOJDKHA BKIFOYATH
CJeIyIONINe KIIIOUeBble HAIlPaBICHUS:
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— BaenpeHue ycTOWYHBBIX TEXHOJIOTUIL: IEPEXOA K CICTEMaM TOUHOTO 3eMJIEIENHs, UCTIONb30BaHHE SHEPTrO-
U BOIOCOEPETAIONINX TEXHOIOTHH, pa3BUTHE OPraHMYECKOTO CEIILCKOTO X035 CTRa.

— udposuzamnms orpaciu: coznanue miaThopM sl MOHUTOPUHTA U YIIPABICHUS CEIbCKOXO03SHCTBEHHBIM
IIPOM3BOJICTBOM, HCIIOJIb30BAHHE OCCIHIOTHBIX JIETATENbHBIX allapaToB, CIIyTHUKOBBIX AAHHBIX H
WHTepHeTa Bewieil 1uisl MOBBIILIEHUS TOYHOCTH OTIEpaLvid.

— YcuieHHe TOCYJapCTBEHHOM WOANEPKKU: pa3pabOTKa CTHMYJIOB Uil (DepMepoB M MpENNpHUATHH,
BHEJIPAIOIINX KOJIOTHUECKH YUCTHIE TEXHOJIOTHH, BKIFOUast HAJIOTOBBIC JIBTOTHI M CYyOCHIHH.

— PasBuTne nH(ppacTpyKTypHl epepabOTKH M XpaHEHUs, KOTOpasi 00ECIIeUNT CHIKEHHE TTOTEPh ypoXKas U
yBeJIMUEHHE SIKCIIOPTHOTO MOTEHIINANA.

HayuHast HOBM3Ha MCCIIEIOBaHUs 3aKIIOYaeTcs B pa3pabOTKe KOMIUIEKCHOTO MOAXOJa K MOJCpHH3ALNH
CEIIbCKOTO XO03AHCTBa, KOTOPBIH coYeTaeT B ce0e TEXHOJIOTHYEeCKUEe NHHOBALIWH, aIalTAllMI0 K N3MEHEHHUIO KIIMMaTa
U SKOHOMHUYECKYIO YCTONUUBOCTE.

KiroueBble c¢JjI0Ba: arpoOnpOMBIIIJICHHBIH KOMIUIEKC, HM3MEHEHHE KIUMAaTa, 3KOHOMUYECKHE BBI3OBEI,
MOJICpHHU3AIIMs, YCTOWYNBOE Pa3BUTHE, TOUHOE 3eMJIeieie, HU(PPOBU3ALIHSL.
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