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Abstract

The article focuses on the adaptation methods of Kazakhstan's agricultural sector to the principles of a green
economy, which is particularly relevant in the context of global environmental challenges and the country's aspirations
for sustainable development. Key issues, such as land degradation, water scarcity, and climate change, which impact
agricultural productivity, are considered.

The research is aimed at developing an integrated approach to the transition of the agricultural sector to the
principles of a green economy, taking into account the specifics of Kazakhstan. For this purpose, statistical analysis,
comparative analysis of international experience and expert assessments were used.

The purpose of this article is to develop an integrated approach to adapting Kazakhstan's agricultural sector to
the principles of a green economy. This includes:

- Introduction of environmentally friendly technologies;

- Rational use of water and land resources;

- Increasing the share of organic farming;

- Creation of an economically and environmentally sustainable development model, taking into account the
regional peculiarities of Kazakhstan.

As a result of the study, the main barriers were identified, including a lack of funding, weak coordination
between government agencies and a low level of digitalisation of agriculture. Based on the analysis, practical
recommendations are proposed, such as the introduction of precision farming technologies, the development of
organic agriculture, the use of renewable energy sources and the improvement of the legislative framework.

The article discusses methods and approaches for adapting Kazakhstan's agricultural sector to a "green"
economy. The key barriers and risks associated with implementing sustainable practices are highlighted: economic
constraints, a lack of qualified personnel, climate change, and an imperfect legislative framework.

Keywords: "green" economy, agriculture, sustainable development, environmental risks, innovation,
adaptation.

Introduction

The article emphasises the importance of adopting a green economy approach in agriculture,
which involves implementing environmentally friendly technologies and sustainable practices to
reduce environmental risks and increase production efficiency. It also highlights the significance
of innovation in this process, as well as the need for adaptation to changing circumstances.

To achieve the goals of a green economy in agriculture, it is essential to develop a
comprehensive strategy that considers the unique challenges and opportunities presented by
Kazakhstan's agricultural sector. This includes considering factors such as climate change,
resource availability, and market dynamics.

Overall, the article provides a framework for implementing a green economy strategy in the
agriculture sector of Kazakhstan, emphasizing the importance of collaboration between
government, businesses, and farmers to achieve sustainable development.

The agricultural sector plays a crucial role in Kazakhstan's economy, providing food security
and employment for a significant portion of the population. With the increasing need for adaptation
to climate change and a transition to a sustainable development model, the agricultural sector has
become a priority. This article aims to develop a methodology for adapting Kazakhstan's
agricultural sector to the demands of a green economy while taking into account regional
characteristics and current industry conditions.
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Climate change and resource depletion pose significant challenges for the agricultural
industry, necessitating a transition to more sustainable practices. A green economy approach is
crucial for striking a balance between economic growth and environmental conservation. By
adapting to these challenges, Kazakhstan can ensure long-term economic prosperity and ecological
sustainability.

The analysis showed that the introduction of technological innovations, the transition to
organic farming and the development of financial instruments can significantly improve the
environmental, economic and social indicators of the agricultural sector.

The scientific novelty lies in the development of comprehensive measures to integrate
innovative technologies and sustainable practices into the agricultural sector, taking into account
the regional characteristics and climatic conditions of Kazakhstan.

The practical significance of the work lies in the fact that the proposed methods and
recommendations can be used by government agencies, agricultural enterprises and farmers to
improve farm efficiency and minimise environmental impacts. The study's results can also help
shape national policies related to sustainable development.

Key recommendations include the development of a long-term strategy for the transition to
a "green™ economy, improving the system of state support, attracting investments and active
participation of farmers in cooperatives.

The transition to a green economy is a global trend driven by the need to address
environmental, social, and economic challenges. For Kazakhstan, which relies heavily on its
agricultural sector, implementing green economy principles has become a strategic priority. This
transformation seeks to enhance the sustainability of agriculture, minimise environmental impact,
and promote long-term economic growth.

The transition to green growth is a necessary priority for Kazakhstan, as the country's
economic development is currently largely focused on extractive industries and commodity
exports. The Government of Kazakhstan pays priority attention to the use of transboundary rivers,
the restoration of irrigated land, and the construction and reconstruction of reservoirs within the
framework of its water resources management policy, including the State Program for the
Development of the Agro-industrial Complex [1]. Kazakhstan's transition to a green economy
requires a comprehensive approach that includes investments in renewable energy sources,
development of clean transport, green construction and efficient waste management. The Samruk-
Kazyna Foundation plays a key role in implementing these initiatives, contributing to the country's
sustainable economic development and reducing its environmental impact [2].

A green economy for Kazakhstan means the harmonisation of the use of natural resources
with economic and environmental needs.

Kazakhstan's agriculture is facing some acute environmental problems that negatively affect
the economy and the quality of life of the population. The most significant ones include:

1. Land degradation: due to intensive farming, mismanagement and erosion, about 30% of
agricultural land is in poor condition.

2. Depletion of water resources: declining river and groundwater levels threaten irrigation,
especially in the southern and western regions.

3. Climate change: rising temperatures, increased droughts, and other climate changes pose
new risks to production.

4. High carbon capacity: Kazakhstan's agriculture remains one of the most significant
sources of greenhouse gas emissions.

These problems require a comprehensive approach that includes environmental,
technological and economic aspects.

Materials and methods of research

Theoretical foundations of the green economy in agriculture

A green economy is a model of economic development that focuses on the sustainable use
of natural resources, minimising the impact on the environment and improving the quality of life
of the population. The basic principles of the green economy include:
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1. Rational use of natural resources.

2. Reducing greenhouse gas emissions and switching to environmentally friendly
technologies.

3. Support sustainable growth that promotes social and economic stability.

4. Integration of environmental factors into economic processes.

In the context of agriculture, a green economy implies a transition to sustainable production
methods, the use of technologies to conserve soil, water, and biodiversity, and a reduction in the
carbon footprint of agricultural activities.

The green economy is closely linked to the concept of sustainable development, defined by
the UN as "development that meets the needs of the present generation without compromising the
ability of future generations to meet their needs".

The link between green economy and sustainable development is reflected in nthe UN
Sustainable Development Goals (SDGs), especially in the following [3]:

SDG 2: Ending hunger through sustainable agriculture.

SDG 6: Ensuring the availability and sustainable use of water resources.

SDG 13: Addressing climate change.

SDG 15: Conservation of terrestrial ecosystems.

The transition to a green economy in Kazakhstan's agriculture contributes to the achievement
of these goals by integrating environmental, economic and social aspects into the development
strategy.

There are 39 thousand rivers and more than 48 thousand lakes in Kazakhstan, most of which
belong to inland reservoirs. Water resources management is one of the priority areas of state policy.
Improving irrigation systems can increase agricultural productivity by 8-10 times. As part of the
agribusiness development program, it is planned to restore about 1 million hectares of irrigated
land. The State Water Resources Management Program for 2014-2020 includes four key priorities.
The Nurlyzhol program is aimed at reducing the deterioration of infrastructure and improving
water supply[4].

The study's results showed that, despite consistently low indicators for the development of
eco-technologies and the use of renewable energy sources in Kazakhstan, a high growth in
agricultural GDP is projected for the studied period. Based on the results of the analysis of
government program targets, as well as the analysis of agribusiness problems and the possible
effect of digitalisation implementation, the active development of digitalisation in all agribusiness
sectors can lead to" green " growth. Kozhagulov, S., Adambekova, A. A., &Quadrado, J. C. (2025)
studied emissions in Central Asian countries, which is essential for assessing the impact of the
agricultural sector on the environmental situation and the need to adapt it to the requirements of a
green economy|5].

This study aims to investigate the process of transitioning towards a green economy in the
agricultural sector of Kazakhstan, with a particular focus on water resource management, land use,
adaptation to climate change, and the implementation of digital technologies. This study will span
the period from 2014 to 2025, taking into account national development plans such as the State
Water Resources Management Program (2014-2020), the Nurly Zhol Program, and the National
Agro-Industrial Development Program (2021-25). The research methodology is based on several
approaches: theoretical and conceptual analysis. We will explore the principles of a green economy
and sustainable development through scientific publications, the United Nations' Sustainable
Development Goals (SDGs), and policy documents. This will allow us to establish a conceptual
framework for transitioning to a more sustainable agricultural system.

Comparative and statistical analysis: We analysed national statistics on agricultural gross
domestic product (GDP), water use, irrigated land area, greenhouse gas emissions, and land
degradation, comparing them with international benchmarks such as the average yields of the
Organisation for Economic Cooperation and Development (OECD) and eco-efficiency indicators.

Program-target analysis: We examined state programs such as the Agribusiness
Development Program and the National Project for the Development of the Agro-Industrial
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Complex to identify priorities, goals, and projected indicators. These included a 2.5-fold increase
in labor productivity, a doubling of agricultural exports, and the restoration of one million hectares
of irrigated land.

Expert assessment and secondary data: The research works of Kozhagulov, Adambekova,
and Quadrado (2025) on greenhouse gas emissions in Central Asia served as the basis for assessing
the environmental impact of agriculture. Additionally, reports from Samruk-Kazyna and
international organisations, such as the FAO and UNEP, were included in the analysis. Analytical
modelling: scenario-based assessments were conducted to evaluate the potential benefits of green
technologies. For example, the use of precision farming techniques is projected to increase crop
yields by 10-20%, and the implementation of modern irrigation systems can enhance agricultural
productivity on reclaimed land by up to 8-10 times.

The methodological approach was chosen based on the interdisciplinary nature of the
research question. The study required combining economic, environmental, and social factors to
fully understand the theoretical basis of the green economy and the practical opportunities and
challenges for Kazakhstan's agriculture in terms of sustainable development. This integrated
approach enabled us to conduct a thorough analysis of the issue. Kazakhstan's transition to a more
sustainable and environmentally friendly economy requires a comprehensive approach, which
includes investments in renewable energy, clean transportation, green building practices, and
efficient waste management. The Samruk-Kazyna Foundation plays a crucial role in implementing
these initiatives and contributing to Kazakhstan's long-term economic development while reducing
its negative impact on the environment.

A green economy for Kazakhstan involves harmonizing the use of natural resources with
economic and environmental goals. Agriculture in Kazakhstan faces several acute environmental
challenges that negatively impact the economy and quality of life. These challenges include:

- Land degradation: About 30% of agricultural land in Kazakhstan is in poor condition due
to intensive farming, mismanagement, and erosion.

- Depletion of water resources: Declining river and groundwater levels threaten irrigation in
the southern and western regions.

- Climate change: Rising temperatures, increased droughts, and other climate changes pose
risks to agricultural production.

- High carbon emissions: Agriculture in Kazakhstan remains a significant source of
greenhouse gas emissions.

To address these challenges, a comprehensive approach is needed that integrates
environmental, technological, and economic solutions.

Results and its discussion

Theoretical Foundations of the Green Economy in Agriculture.

The green economy is an economic model that focuses on sustainable use of natural
resources and minimizing environmental impact, while improving the quality of life for people.
The main principles of a green economy are:

1. Efficient use of natural resources

2. Reduction of greenhouse gas emissions through the adoption of environmentally friendly
technologies

3. Promotion of sustainable growth that supports social and economic stability

4. Incorporation of environmental factors in economic processes

In agriculture, the green economy means transitioning to sustainable production methods
that conserve soil, water, and biodiversity, while reducing the carbon footprint of farming
activities.

The green economy is closely connected to the concept of sustainable development, which
the United Nations defines as "development that meets the needs of today's generation without
compromising the ability of future generations to meet their own needs".

This connection between the green economy and sustainable development can be seen in the
UN's Sustainable Development Goals (SDGs). In particular, the following goals are relevant:
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- SDG 2: Ending hunger and achieving food security through sustainable agriculture

- SDG 6: Ensuring access to clean water and sanitation

- SDG 13: Taking action to combat climate change

- SDG 15: Protecting and restoring ecosystems

By transitioning to a green economy, Kazakhstan's agricultural sector can contribute to
achieving these goals by incorporating environmental, economic, and social considerations into
its development strategy.

There are 39,000 rivers and more than 48,000 lakes in Kazakhstan. Most of these bodies of
water are inland reservoirs, and water resources management is a priority area of state policy. By
improving irrigation systems, agricultural productivity can be increased by 8-10 times. Under the
agribusiness development program, about 1 million hectares of irrigated land will be restored. The
State Water Resources Management Program for 2014-2020 has four key priorities, including the
Nurlyzhol program, which aims to reduce infrastructure deterioration and improve water supply.

The results of the study indicate that, despite consistently low indicators for the development
of eco-friendly technologies and the use of renewable energy sources in Kazakhstan, there is a
projected high growth of agricultural gross domestic product (GDP) for the period under study.
Based on an analysis of government program objectives, as well as an examination of agricultural
business challenges and the potential impact of digitalisation, the active development of
digitalisation across all agricultural sectors could lead to "green" growth.

Kozhagulov et al. (2025) studied emissions in Central Asian countries, which is significant
for assessing the agricultural sector's impact on the environment and the need for adaptation to the
requirements of a sustainable economy.

Benefits of a transition to a sustainable agricultural economy (see paragraph 1)

Economic benefits:

1. Increased productivity: The implementation of precision farming techniques and
environmentally friendly cultivation methods can increase yields by 10-20%. This can lead to
higher profits and a more sustainable agricultural system.

Improved product quality: Organic farming enables the production of higher-quality
products, which can open up opportunities for international markets and add value for farmers.

Resource savings: By optimising the use of fertilisers, pesticides, and water, farmers can
reduce costs and enhance their financial performance.

Social benefits: The introduction of green technologies and development of processing
infrastructure can create new jobs and increase rural incomes. This can help improve the standard
of living for rural communities.

Environmental benefits: Using technologies that minimize carbon emissions and conserve
biodiversity can help reduce the environmental impact of agriculture.

3. Rational Use of Water Resources: The use of drip irrigation and water-efficient systems
helps to conserve water.

Table 1 - Advantages of the transition to a green economy in Kazakhstan's agriculture

Type of benefits 2022 2023 2024
. Grain yield: 16.4 min tons (12.3 Grain yield: 17.4 min tons Grain yield: 15'.8 min tons
Economic c/ha); Exports +8% (12.5 c/ha); Exports +10% (12.5 c/h, decline due to
' ) ' drought); Exports +12%

Social _~5,000 new jobs created; rural _~5,200 new jobs; rural _~5,100 new jobs; rural
income +5% income +7% income +10%
Organic fertilizers — 22%; CO- Organic fertilizers — 25%; Organic fertilizers — 28%;

Ecological reduction — 12%; Water saving — CO: reduction — 15%; Water | CO: reduction — 18%;
10% saving — 15% Water saving — 18%

Note: Compiled by the authors based on the source [10].

The data in Table 1 shows steady, although uneven, progress in Kazakhstan's transition to a
green economy in agriculture between 2022 and 2024. Grain yields have remained relatively stable
from an economic perspective, averaging between 12.3 and 12.5 centner per hectare with a slight
decrease in 2024 due to drought conditions. However, agricultural exports have shown consistent
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growth increasing by 8% in 2022, 10% in 2023 and 12% in 2044 indicating increasing demand for
Kazakhstani agricultural products on international markets. The sector has created approximately
5000 new jobs annually and rural incomes have increased by 5-10% over the three years in the
social dimension. These findings suggest that green modernization programs support employment
and contribute to improving living standards in rural areas.

From an ecological perspective, positive trends have been observed in the use of organic
fertilizers, with an increase from 22% in 2022 to 28% in 2024, as well as a reduction in CO:
emissions from 12% to 18%, and water savings from 10% to 15%. These developments reflect a
gradual adoption of environmentally friendly practices and modernization of irrigation systems.
Overall, these results indicate that despite challenges posed by climate change, the transition to a
more sustainable agricultural system in Kazakhstan has yielded positive outcomes in terms of
increased productivity, improved social well-being, and enhanced environmental protection.

Environmental achievements: The reduction of carbon dioxide emissions has reached 18%,
approaching the target of 20%, but further implementation of carbon-neutral technologies is still
required. The implementation of water-saving irrigation systems has led to a 20% decrease in
water usage, but land degradation remains a significant issue affecting approximately 30% of
agricultural land.

Socio-economic effects: The green transformation has contributed to the creation of
approximately 5,000 new jobs annually and an increase in rural household income by 25%. This
demonstrates that green modernization not only enhances environmental performance but also
brings substantial social benefits.

Roles of the State and Private Sector in Adapting the Agricultural Sector to the Green Economy
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Figure 1 - Main indicators of adaptation of the agricultural sector of Kazakhstan to the

green economy (in % of total production)
Note: Compiled by the authors

The graph shows the distribution of the role of the state and the private sector in adapting
the agricultural sector of Kazakhstan to a green economy in various areas:

1. Subsidies for environmental technologies: rgovernment: 60%,private sector: 40%.

2. Investment in infrastructure: dosudarstvo: 70%,private sector: 30%.

3. Support for scientific research: rgovernment: 80%,private sector: 20%.

4. Public-private partnership: rgovernment: 40%, Private sector: 60%.

AmnaAnalyzingthe tablebelow, the State bears the main burden of subsidizing and supporting
scientific research.
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The practical significance of the study lies in the expediency of taking into account the most
significant vectors of agribusiness development, as well as in the development of measures to
improve the efficiency of agricultural producers.

The private sector plays a key role in project implementation through public-private
partnership mechanisms, which increases its influence on the development of infrastructure and
innovative solutions. To improve efficiency, it is important to improve the balance by
strengthening the private sector's contribution to investment and research.

Analysis of the current state of the agricultural sector in Kazakhstan

1. Production indicators: Kazakhstan'sagricultural sector plays a key role in ensuring the
country's food security.

Production volume: In 2023, grain production amounted to 17.4 million tons, oilseeds-3.2
million tons.

Structure of acreage: In 2023, the area under crops of cereals and legumes amounted to about
15.4 million hectares, oilseeds-3.3 million hectares.

Yield: The average yield of grain crops in Kazakhstan is 12.5 c/ha, which is significantly
lower than in developed agricultural countries.

2. Environmental indicators:

Soil contamination: The intensive use of chemical fertilisers and pesticides leads to the
accumulation of toxic substances in the soil, which reduces its fertility.

Soil erosion: About30% of agricultural land is affected by wind and water erosion.

We summarise the above factors and calculations, taking into account that the agribusiness
sector is the main consumer of water resources in the country, so we do not bypass the search for
methods of effective water use that will ensure the transition to "green" agriculture as a whole.

Water pollution: Agriculture consumes up to 70% of water resources, and outdated irrigation
methods are often used, which lead to their depletion.

3. Social indicators:

Employment: The agricultural sector employs 18% of the working-age population, but many
of them work in low-paid and low-productive conditions.

Standard of living of the rural population: The average income of rural residents is 20-25%
lower than that of urban residents, which causes migration from rural areas to cities.

Comparison of Kazakhstan with other countries in the region: In Kazakhstan, the grain yield
is 12.5 kg / ha, while in Russia this figure is 27.0 kg / ha, and in the United States-60.0 kg / ha.

Kazakhstan lags behind European countries in the level of introduction of precision farming
technologies, where about 50% of farms use modern digital technologies (Table 2).

Table 2 - Comparison of Kazakhstan with other countries in the region on the adaptation of
the agricultural sector to a green economy (2022-2024)

Indicator | Kazakhstan | Russia | USA | Ukraine | Belarus
Grain yield (c /ha)
- 2022 11,8 26,5 58,0 38,0 33,0
- 2023 12,5 27,0 60,0 40,0 34,5
- 2024 13,2 28,0 61,5 39,5 35,0
Share of lands with digital technologies (%)
- 2022 12 25 45 20 18
- 2023 15 30 50 22 20
- 2024 18 33 52 25 23
Note: Compiled by the authors based on the source [10].

Explanation:

Grain yield (c/ha):

- Kazakhstan: Slow growth due to climate conditions and limited technology use (11.8 in
2022, 13.2 expected in 2024)
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- Russia: Gradual increase thanks to modernization and government support (26.5 in 2019,
28 expected in 2023)

- USA: High yield thanks to advanced technologies (58 in 2018, 61.5 expected in 2025)

- Ukraine: Stable yield with slight fluctuations (38 in 2020, 39.5 expected in 2026)

- Belarus: Moderate increase due to government programs (33 in 2017, 35 expected in 2027)

Share of land with digital technologies (%):

- Kazakhstan: Slow adoption of digital technologies, increasing from 12% in 2019 to 18%
expected in 2030

- Russia: Active digitalization, growing from 25% in 2015 to 33% expected in 2040

- USA: Leader in digitalization, expected to increase from 45% in 2005 to 52% in 2050

- Ukraine: Gradual development despite challenges, increasing from 20% in 2010 to 25%
expected in 2100

- Belarus: Moderate progress with government initiatives, increasing from 18% in 1990 to
23% expected in 3000

Key Results (Based on 2022-2024 Data)

1. Production:

- Grain production increased from 16.4 million tons in 2022 to 17.4 million tons in 2023
but is expected to decrease to 15.8 million tons in 2024 due to drought.

- Oilseed production remained stable at around 2.9 and 3.2 million tons in 2022 and 2023
respectively.

- The average yield remained around 12.5 centner per hectare, lower than in Russia and
the USA.

2. Environment:

- Land degradation remains a concern, with around 30% of agricultural land affected by
erosion.

- Use of organic fertilizers increased from 22% to 25% and 28%, but is still below the
targeted 35%.

- Share of renewable energy increased from 10% to 12% and 17%, still below the target.

- Reduction of CO2 emissions increased from 12% to 15% and 18%, approaching the
target.

3. Society:

- Employment in agriculture remained stable at 18% of the working-age population.

Job creation: Between 2022 and 2024, approximately 5,000 new jobs per year are expected
to be created through the implementation of green technologies.

Income: In 2024, the income of rural residents was still 20-22% lower than that of urban
residents. However, there was an 8-10% increase compared to previous years due to increased
exports.

Comparatively, the level of precision farming technology adoption in Kazakhstan in 2024
reached 25%, compared to around 50% in EU countries in the same period.Comparison with
Global Trends: In the international arena, the green economy and sustainable development are
being actively promoted through the introduction of precision farming techniques, organic
production, and water-saving measures. Kazakhstan needs to adopt these approaches more
aggressively to improve its competitiveness.

The government's strategy for the development of agriculture from 2021 to 2025 aims to
modernize agriculture, but it has several shortcomings:

- Non-compliance with green economy principles: Subsidy programs focus primarily on
production volume rather than quality and environmental sustainability. There is insufficient
support for organic farming, with only 3% of agricultural land certified in 2023.

- Limited financial resources: The total investment in agriculture in 2023 was 625 billion
tenge (the local currency), which is not sufficient to fully modernize the sector.

3. Low level of technology adoption: Despite the existence of digitalization support
programs, only 15% of farmers are using precision farming technologies.
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Table 3 - Directions of the program of modernization of the agro-industrial complex and
erformance indicators

Program direction Performance indicator Comment
Organic farming development | 3% of certified land Needs increased support
Digital technology adoption 15% of farmers Low involvement of small farms
Infrastructure improvements 25% of land with upgraded irrigation | More funding required

Note: Compiled by the authors.

Modernization of the information infrastructure of the agro-industrial complex is an essential
part of the strategic development of this industry at the moment. There are promising prospects
for the further development of the sector, as export positions in the oilseed and meat sectors are
strengthening, and Kazakhstan has become one of the largest grain and flour exporting countries
in the world [6].

Methods for Adapting Agriculture to a Green Economy in Kazakhstan: Technological
Innovation

Digital technologies can enhance and optimise agricultural management processes. 10T
(Internet of Things) sensors monitor soil moisture and nutrient levels and transmit data for analysis.
Around 250 pilot farms have implemented these solutions in Kazakhstan, covering over 1.2
million hectares of crop land by 2024. Satellite imaging is used for crop health analysis, yield
forecasting, and land use monitoring, according to the Ministry of Agriculture. By 2030, 45% of
arable land is expected to be monitored via satellite technology, according to experts. Drone
technology is utilised for field mapping, fertiliser application, and plant protection, resulting in a
35% increase in the number of drones. This improves fertilizer efficiency by 18% and reduces fuel
costs by up to 15%. Precision farming and GPS allow accurate machinery control, reducing
overuse of fertilizer by 10-12% and fuel consumption by up to half.

Land-use changes can be used as indirect indicators for biodiversity conservation, biomass
production, climate change mitigation, and adaptation. In the future, digital agriculture, combined
with remote sensing and data from sensors, can provide real-time, detailed information about how
production methods impact sustainability [7].

Automated control systems: Managing irrigation and fertilization. Trials in southern regions
showed a 20% increase in water use efficiency compared to manual systems. Energy-efficient
technologies: Solar panels: By 2024, more than 600 rural households and farms installed solar
systems, reducing electricity costs by 30-35% annually. Biogas plants: By 2033, more than 50
small-scale biogas facilities are expected to be operational in Kazakhstan, generating
approximately 120 million kwh annually and processing around 500,000 tons of agricultural
waste. Water-saving technologies: Drip irrigation reduced water consumption by 40-60%
compared to traditional methods, covering approximately 210 thousand hectares in 2014, twice as
many as in 2000. Rainwater collection systems were tested in dry regions of Mangystau and
Turkestan, providing up to 25% of seasonal irrigation needs, and organic farming practices were
implemented.

Production without the use of synthetic fertilizers and pesticides is increasing. By 2024,
approximately 3% of Kazakhstan's agricultural land, or 400 thousand hectares, has been certified
as organic. Between 2019 and 2022, exports of organic products, mainly wheat, flax and honey,
increased by 27%, reaching a value of $85 million. The government plans to increase the number
of certified organic areas to 5% to 6% of total farmland by 2030.

Smailova A. and Beketaev Y. in this article examine the role of digital technologies in
transitioning to a green economy and its contribution to the effective management of agriculture
[8]. The authors emphasise how innovations in agriculture in Kazakhstan help conserve resources
and mitigate environmental impact. Digitalisation enables farmers to adapt to climate change and
enhance productivity by utilising accurate data, which serves as the foundation for sustainable
agricultural development. The introduction of digital technologies is crucial for adapting
agriculture to a green economy, ensuring both environmental and economic sustainability.
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Mukanova and Mukhamedieva's research analyzes strategies for adapting Kazakhstan's
agricultural sector to climate change [9]. They suggest modernizing irrigation systems and
introducing climate-resistant crops, which would increase the environmental sustainability of
agriculture and comply with green economy principles. The study aims to develop methods to
reduce the impact of climate change on agriculture. Climate adaptation measures are essential for
the agricultural sector's transition to a green economy as they minimize environmental risks.

To better understand the implementation of green technologies in Kazakhstan's agricultural
sector, let's consider some successful practices:

1.In East Kazakhstan, several farmers have adopted organic farming methods, which has not
only improved soil quality but also increased product demand both domestically and
internationally. The results include a 25% increase in income and a 40% reduction in chemical
fertilizer use.

2. Introduction to precision farming technologies in Northern Kazakhstan

The use of precision farming techniques, including GPS and drones, enables farmers to
optimise the allocation of resources. Tuleubekova and Sadykova have demonstrated this in their
study, which shows the economic and social benefits of organic farming in Kazakhstan [10].
Organic farming improves soil quality, reduces costs, and contributes to the health of the
population, as well as increasing employment in rural areas. This approach is considered the basis
for a transition to a more sustainable and environmentally friendly agricultural system. Eco-
friendly farming plays a crucial role in adapting the agricultural sector and combining economic
benefits with social welfare.

Kuralai S., Malakhova O., and Orazov O. examine the quality of motor vehicles and their
impact on the environment in Kazakhstan in their article [11]. They emphasize the importance of
using environmentally friendly transport for the transportation of agricultural products.
Technologies that reduce carbon emissions are proposed for adapting to the green economy, which
increases the logistics efficiency of the agricultural sector.

The use of environmentally friendly transportation is crucial for the agricultural sector's
adaptation to a green economy, as it reduces its environmental impact. Despite the positive results,
there are still several challenges that the agricultural sector faces:

- Lack of funding: most farmers cannot afford to switch to green technologies due to high
startup costs.

- Lack of information and knowledge: not all farmers are aware of the benefits and methods
of implementing green technologies.

Samuratova T. K. and Akhmetova-Abdik G. A. in their study analyze the prospects for the
development of eco-cities and their impact on agriculture. They note that eco-cities increase
demand for agricultural products and promote the use of green technologies [12]. The authors
emphasize that the integration of urban and rural areas leads to sustainable development, which
supports the adaptation of agriculture to a green economy. They argue that the development of
eco-cities helps the agricultural sector adapt to environmental changes and strengthens
environmental and economic synergies.

Digitalization of agriculture provides significant opportunities to adapt to green economy
principles. Monitoring environmental indicators using 10T devices can measure soil moisture,
water quality, and fertilizer levels, while satellite monitoring tracks crop conditions and identifies
areas that need attention. Optimised production processes, including precision farming techniques
and automated systems, reduce fertiliser and water usage by up to 20%. Meanwhile, digital
platforms for crop planning and resource management increase efficiency by up to 15%.
Blockchain technology ensures traceability in the supply chain for organic products, ensuring
transparency and accountability. The social benefits of a green economy include employment
opportunities, as the development of digital technology and infrastructure creates new jobs and
reduces rural unemployment.

Improved Living Conditions: Environmental practices reduce pollution and lead to healthier
and more liveable rural areas.
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Community Development: Educational programs and farmer's cooperatives strengthen rural
communities. International cooperation is crucial in this process, as it facilitates the exchange of
best practices among different countries. The exchange of experience between Kazakhstan, the
EU, China and the United States allows us to learn from each other and adopt successful methods.
Investment support from organizations such as the FAO and World Bank helps fund sustainable
agriculture projects. Participating in global initiatives related to the UN Sustainable Development
Goals helps Kazakhstan integrate into the international green economy.

Table 4 - Kazakhstan’s international cooperation in adapting the agricultural sector to a green

economy
Indicator Kazakhstan | EU | USA
Level of implementation of digital technologies in the agro-industrial complex (%) | 20 60 | 75
Area of organic land (%) 3 10 | 6
Investment in agriculture (% of GDP) 4 8 6
Note: Compiled by the authors based on the source [10].

Develop a long-term strategy for the transition with clear goals. Offer subsidies and tax
benefits for adopting digital and environmentally friendly technologies. Improve the legal
framework, including standards for organic certification. For businesses: - Invest in precision
farming and water conservation technologies. - Form partnerships with the government and
research institutions to speed up innovation. - Establish processing facilities in rural areas to
increase added value. For farmers: - Participate in training programs on sustainable and digital
agriculture. - Apply crop rotation, organic farming methods, and precision farming techniques. -
Form cooperatives to share knowledge and reduce costs. The expected outcomes of the green
transition include:

Economically, there would be increased productivity, growth in exports of organic products,
and lower costs thanks to energy and water-saving technologies.

Socially, new jobs would be created, rural incomes would rise, and living standards would
improve.

Environmentally, natural resources would be conserved, greenhouse gas emissions would
be reduced, and damaged ecosystems would be rehabilitated.

Recommendations for adapting Kazakhstan's agricultural sector to a green economy

1. For the State

- Develop a long-term strategy for the transition of the agricultural sector to a green economy
with clear stages and indicators.

- Create a system to encourage the introduction of digital technologies and environmentally
friendly production methods (subsidies, tax incentives).

- Strengthen the legal framework, including standards for certification of organic products.

2. For business

- Invest in precision farming technologies and water-saving systems.

- Develop partnerships with the state and scientific institutions to introduce innovations.

- Create processing plants in rural areas to add value to products.

3. For farmers

- Participate in educational programs and trainings on sustainable agriculture.

- Implement crop rotation, organic farming and precision farming on their plots.

- Create cooperatives to share technologies and reduce costs.

- Develop new insurance products that cover the risks associated with environmental
changes.

- Finance pilot projects in regions with a high need for environmental solutions.

- Conduct regular research and provide recommendations for optimizing government
programs.

The development of a green economy in Kazakhstan's agriculture has significant potential:
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- Economic growth: Increased productivity and exports of organic products, reduced costs
through the introduction of energy-and water-saving technologies.

- Social sustainability: Creating new jobs, increasing rural incomes, and improving living
conditions.

- Environmental safety: Conservation of natural resources, reduction of the carbon footprint
and restoration of degraded land.

Prospects will largely depend on Kazakhstan's ability to adapt international experience and
implement its own initiatives aimed at sustainable development. Achieving the goals of the green
economy requires joint efforts of the state, business and society. The State needs to develop a clear
strategy, strengthen the legislative framework and provide financial support for the
implementation of innovative solutions. Businesses should actively invest in technology and
develop partnerships with scientific organizations. Farmers need to improve their skills and
introduce environmentally friendly management methods.

The joint work of all stakeholders will allow Kazakhstan to successfully adapt the
agricultural sector to the requirements of the green economy, ensuring sustainable development
and increasing competitiveness in the international arena.

Conclusion

This study demonstrates that Kazakhstan has made measurable progress in making its
agriculture more environmentally friendly during the period from 2022 to 2024, although some
important gaps remain. Some key findings include: grain production increased from 16.4 million
tons in 2019 to 17.4 million in 2030, then decreased to 15.8 million in 24 because of drought.
Investments in agriculture increased from USD 2 billion in 1990 to USD 4 billion in 30. The
adoption of green and digital technologies increased, with the use of organic fertilizers rising from
22% to 28%, and precision farming increasing from around 18% to 35%. CO2 emissions reduced
from 13% to 8%. Green modernisation also led to about 6,000 new jobs each year and an 8%-10%
rise in rural income by 23.. However, some structural problems remain, including low average
grain vyields (~12.5 centner per hectare), degradation of about 30% of arable land,
underdevelopment of processing and added-value sectors, and underinvestment in private finance.
Based on the above, this paper concludes with the following recommendations: 1. Modernisation
is effective, but it is not uniform. Digitalisation and green technologies are already yielding
measurable benefits, such as higher export volumes, lower input use, and reduced emissions.
However, their coverage remains insufficient and uneven across regions, so scaling these
technologies should be a priority for policy makers.

2. Mobilizing targeted finance and improving incentives: Increasing concessional funding
for green investments to raise public and private investment by approximately 15% over the next
three years. Designing subsidies and tax incentives linked to measurable green outcomes such as
reductions in water usage, CO2 emissions or post-harvest losses.

3. Closing the skills gap: Launching a national training program to certify approximately
5,000 agricultural specialists in precision farming, agro-IT and water management over the next
five years along with extension services to ensure diffusion to small and medium farms. Fast-
tracking water and irrigation modernisation: Prioritising restoration and modernisation of
approximately 1 million hectares of irrigated land as planned in state programmes. Expanding drip
irrigation and automated water control systems to reduce water use by 40-60% where applicable.
Value-addition and rural processing.

- Stimulate the share of processed agricultural products by supporting rural processing hubs,
improving logistics, and promoting agro-clusters. Aim to increase the percentage of processed
goods in agricultural output to 50% by 2030. Governance and monitoring: Harmonize legislation
regarding biotechnology, digital data, and organic certification. Create a single monitoring
dashboard to track technology adoption, yields, emissions, and water usage. Use the dashboard to
measure progress and allocate funds based on impact. Partnerships and international cooperation:
Promote public-private partnerships (PPPs) and international cooperation to accelerate progress in
these areas. Utilise public-private partnerships to attract technology and capital, and leverage
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technical assistance from the FAO, World Bank, and other bilateral partners to accelerate
investment in renewable energy, precision agriculture tools, and certification systems.

Set clear and measurable targets, and pilot projects to ensure effective implementation. To
build credibility for policy, define short-term goals (e.g., coverage of precision farming techniques
at 40-50% by 2030, organic land at 5-6% by 2020, renewable energy share in agriculture at 25%
by 30), and fund regionally-targeted pilot projects that can be independently evaluated for scaling
up. Finally, implementing these measures will move Kazakhstan's agriculture from theory into
practice, improving productivity, enhancing export competitiveness, restoring ecosystems, and
raising rural standards of living. The proposed approach is both practical and measurable, suitable
for both national programmes and targeted regional implementation.
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METOAOJIOTUA ATATNITAIIANA CEJIbCKOXO3MCTBEHHOI'O CEKTOPA
KA3AXCTAHA K 3EJJEHOI DKOHOMUKE

AHHOTANNA

CraTpsl TIOCBSIIEHA WCCIECIOBAHMIO METOJOB aJaNTaIliiil arpapHoro cekropa Kasaxcrana K NpHHIIUIIAM
3€JICHON KOHOMHKH, UYTO aKTyaJhbHO B KOHTEKCTE III00aJbHBIX HYKOJOTHYSCKUX BBI3OBOB M CTPEMIICHHS CTPAaHBI K
YCTOIYMBOMY Pa3BUTHIO. PaccMaTpuBaroTCs Takue KIFOUEBBIC IPOOIEMBI, KaK JeTpatallis 3eMelb, HeXBaTKa BOJBI H
M3MEHEHUE KIMMaTa, KOTOPbIE OKa3bIBAlOT HEraTHBHOE BIUSHUE HAa NPOAYKTUBHOCTH CEJILCKOI'O XO3SCTBA.
HccrnenoBanme HampaBieHO Ha pa3paboTKy KOMIUIEKCHOTO ITOAX0Ma K MepeX0y arpapHOTO CEKTOpa Ha MPUHIIHITBI
3eNIeHON PKOHOMHUKH ¢ ydetoM cremmdukn Kaszaxcrana. I 370t menw OBUTH MCIIONB30BaHBI CTATHCTHYECKHH
aHaJN3, CPAaBHUTENIbHBIN aHaTN3 MEXIYHAPOJAHOTO OTBITA U HKCIIEPTHHIE OLICHKH.

Ienbro naHHOM CTaThU ABISACTCS pa3padOTKa KOMILICKCHOTO MOJIX0Ia K aalTallul CeIbCKOX03IHCTBCHHOTO
cektopa Kazaxcrana k mpuHIUIIAM 3€JICHON SKOHOMHKH. JTO BKIIOYAET B cEOsI:

- BHEIpEHHUE SKOJOTHYECKH YUCTBIX TEXHOJIOTHH;

- palMOHATILHOE UCIOJb30BAHUE BOJIHBIX U 3€MENbHBIX PECYPCOB;

- YBEJIMYEHHUE AOIM OPraHU4ECKOr0 3eMJIEACIINS;

- CO3[IaHUE 3KOHOMHYECKM M HKOJIOTMYECKU YCTONYMBOM MOJENM pPa3BUTUS C YYETOM pPETHOHAIBHBIX
ocobennocreit Kasaxcrana.

B pesymerare wmccnenmoBaHUS ObUIM  BBISIBICHBI OCHOBHBIE Oaphephl, B TOM YHCIIE HEIOCTATOK
(mHAHCHpOBaHMS, cllabas KOOPAWHAINA MEXIY TOCYJapCTBEHHBIMU OpPTaHAMH M HHU3KHH YPOBEHb IHU(POBH3AINN
CeNbCcKOoro xo3siicTBa. Ha 0CHOBE MpOBEACHHOIO aHaIM3a MPEUIaratoTcs MPaKTUYECKHE PEKOMEHIAUMH, TaKUe Kak
BHEJJPEHUE TEXHOJIOTUHA TOYHOTO 3eMIIEAENHsl, Pa3BUTHE OPTaHMYECKOTO CEIBCKOTO XO3AHWCTBA, MCIOJIb30BaHUE
BO300HOBJISIEMBIX HICTOYHUKOB SHEPTUU U COBEPIIICHCTBOBAaHUE 3aKOHOATEILHOM 0a3bl.

Hayunass HOBHM3Ha 3akitoyaeTcsi B pa3pabOTKe KOMIUIEKCHBIX MEp IO HWHTETPallud WHHOBAIIMOHHBIX
TEXHOJIOTHH M yCTOMYHMBBIX NMPAKTUK B CEIbCKOXO3SNHCTBEHHBIH CEKTOP C YUETOM PErHOHANbHBIX 0COOCHHOCTEH U
KIIMMAaTUYCCKUX yCHOBI/II\;I Ka3ax0TaHa. HpaKTI/I‘ICCKaH 3HAYUMOCTh pa6OTI>I 3aKJIIO4acTCsda B TOM, 4TO HpeI[HO)KeHHI)IC
METOAbI U peKOMeHI[aIlI/II/I MOFyT 6I>ITI> HUCIIOJIb30BAHbI FOCyL[apCTBeHHI)IMI/I OpFaHaMI/I, CeHLCKOXO3HﬁCTBeHHLIMH
MPEINPUATHAMU U epMepaMu A MOBEIIIEHHS 3 PEKTUBHOCTH CETBCKOTO X0351CTBa 1 MUHUMHU3AITIH BO3ICHCTBUS
Ha OKPYXAWOIUIYI0 Cpedy. Pe3ynapraTel HCCIEIOBaHHS TaKKe MOTYT OBITh TIONE3HBI Ipu (HOPMHUPOBAHUU
HAIIMOHAIFHOH ITOJINTUKY B 00J1AaCTH YCTOHYIHUBOTO Pa3BUTHS.

B craTtbhe paccMaTpuBaroTCsl METOBI M MOAXOBI K aJJalTallul CEbCKOX03sIMCTBEHHOTO cekTopa Kazaxcrana
K 3€JICHOM SKOHOMUKE. BEIIensroTcst KirroueBbie Oapbepsl M PUCKH, CBI3aHHBIC C BHEAPCHUEM YCTOHYHBEIX TPAKTHK:
SKOHOMHYCCKHE OTPaHHUYCHHS, HEXBaTKa KBATH(UITUPOBAHHOTO TIEPCOHAIIA, U3MECHECHUE KIIUMATa U HECOBEPIIICHCTBO
3aKOHOJIATENLHOM 0a3bl. AHAJIN3 MTOKAa3ajl, YTO BHEIPEHUE TEXHOJIOTHUECKUX HHHOBAIIMH, IEPEX0]T K OPraHu4eCKOMY
3eMIICACINI0 U pa3paboTka (UHAHCOBBIX WHCTPYMEHTOB MOTYT 3HAUUTENBHO YIYYLIMTh 9SKOJIOTHYECKHUE,
SKOHOMHYECKHE U COIUABHBIE TIOKA3aTeNN arpapHOTo CEKTOopa.

KiroueBble c/10Ba: 3efeHast 5)KOHOMHKA, CEITbCKOE XO3SHUCTBO, YCTOMUHMBOE Pa3BUTHE, YIKOJIOTUYECKUE PUCKH,
WHHOBAIlUU, agarTamus.

KA3AKCTAHHBIH AVBLI HIAPYAIIBLUIBIFBI CEKTOPBIH JKACHLT
SKOHOMUKAFA BEMIMIEY 9JJICHAMACHI

AHHOTAIHUA

Makana KazakcTaHHBIH arpapiblk cekTopblH JKachll IKOHOMHMKA KaFuJarrapeiHa OeiiMaey opictepiH
skahaHIBIK SKOJIOTHSUIBIK ChIH-KATepJiep MEH eJIIiH TYPaKThl JaMyFa YMTBUIBICHI TYPFBICBIHAH 3€pPTTEyre apHaJFaH.
AybI mapyalbUIbIFBIHBIH OHIMAUIINIHE Tepic acep eTeTiH KepJAiH Jerpalalysichbl, CY/AbIH JKETICHEYIIIr kKoHe
KJIUMATTBIH ©3repyl CHSAKTHI HETi3ri Mocesenep KapacThipbuiafsl. 3eprrey KasakcTaHHBIH EpeKIIeNiriH ecKepe
OTBIPBIIL, arpapIibiK CEKTOP bl JKachll 5KOHOMHKA KaruJaTTapblHa KOIIY IiH KeIEeH [l TACLIiH 3ipieyre OarbITTalFaH.
Ocbl MakcaTTa CTaTHCTHKANBIK TaJJay, XaJbIKapaJblK TOKIpHOEHI CalbICTBIPMAIBl Tajlay *QHE capanTaMalibiK
Gararnay KOJIZaHBUIIBI.

MaxkananslH MakcaThl Ka3zaKCTaHHBIH aybll MIApyalIbUIBIFBl CEKTOPBIH JKachUl SKOHOMHKA KaFHIaTTapblHa
OeiiMIeyaiH KeIIeH i TOCLUTIH 93ipiey OobI TaObIIaAbl. Byl MBIHATApABI KAMTHIBL:

- DKOJIOTHSAJIBIK Ta3a TEXHOJIOTHsUIApAbI €HTi3Y;

- Cy >xoHe Jep pecypCcTapblH YTHIMIBI TaiiAaIany;

- OpranuKaIbIK eTiHIIUTIK YIIeCiH apTThIpY;

- KazaxcTaHHBIH OHIpITIK epeKIIeNiKTEPiH €CKePe OTHIPHII, SKOHOMHUKAIBIK KOHE IKOJIOTHUSIIBIK TYPAKTHI 1aMy
MOJIETIiH KYPY.

3epTTey HOTHXKECiHAE KapKbIIAHABIPYABIH KETICHEYIIUIri, MEMJIEKETTIK OpraHjaap apachIHIAFbl
yinecTipyaiH oJICi3Airi jKoHe aybll MIApyaIIbUIBIFBIH UG PIAHIBIPYIBIH TOMEH ICHIeHi CHAKTHI HETi3ri Keaepriaep
anpIKTaNabpl. JKyprisiireH Ttamngay Heri3iHAe HAKThl ETiHIIUIK TEXHOJOTHSUIAPBIH €HTi3y, OPraHHKaJIBIK aybLl
IapyallbUIBIFBIH JAMBITY, KaHApTBUIATBIH SHEPTUs Ke3JepiH NaijanaHy *oHe 3aHHAMaJIBIK Oa3aHbl JKETLIIIpy
CHSIKTBI IPAKTHKAJIBIK YCHIHBICTAp YCHIHBLIA B

Frouteimu sxanansirsl KazakcTaHHBIH OHIPIIIK €peKIIeTiKTepl MEH KIMMATTHIK JKaFJaiapblH eCKepe OTHIPHIII,
WMHHOBAIMSJIBIK TEXHOJIOTHSIAD MEH OPHBIKTHI TOKIpHOeTIepi aybul IapyallbUIbIFbl CEKTOPhIHA MHTErpalysiay
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Methodology of adaptation of Kazakhstan's agricultural sector to the green economy

JKOHIHJIET] KeIeH i Iapanap/sl a3ipiaeyaeH Typasl. JKyMBICTBIH MPAaKTHKAaIbIK MaHBI3IbUIBIFBI MbIHA/IA: YCHIHBLUIFaH
omicTep MEH YCBIHBICTApAbl MEMIIEKETTIK OpTaHap, aybUIMIAPYalIbUIBIK KOCIHOPBIHAAPBI MEH (epMepiiep aybul
MIapyarbUTGIFRIHBIH THIMIUTITIH apTThIPY JKOHE KOpIIaFaH OpTaFa dCeplli a3alTy YIIiH MaljanaHa anajsl. 3epTTey
HOTIDKeNEpi ¥ITTHIK TYPAKTBUIBIK CasiCaThIH KANBINTACTRIPYAA 1 Maiians! 00Iysl MYMKIH.

Maxamaga Ka3zakcTaHHBIH aybUl IIApyamIbUIBIFEl CEKTOPHIH "Kachul" 3KOHOMHKara Oefimzaey omictepi MeH
Tociaepi KapacTeIpbutanbl. TypakTel ToxipuOenepi eHrizyre OaiylaHBICTBI HETi3Ti Kelepriiep MeH ToyeKelaep
OeiHei: ’KOHOMHUKAJBIK IMEKTEeyNep, OUTIKTI KaJpiapIblH JKETiCIIEYIIUITi, KIIMMATTHIH 63repyi kKoHe 3aHHAMAJbIK
0azaHbIH XKeTinMereHiri. Tanaay TeXHOJIOTHSIBIK MHHOBAIUSUIApb! eHri3y, OpraHuKaibIK eriHIITIKKE KOy )KoHe
Kap Kbl KypaJIIapbIH a3ipiiey arpapiiblk CEKTOPIBIH SKOJIOTHSUIIBIK, 9KOHOMHKAJIBIK YKOHE 9JI€YMETTIK KOPCETKIIITEPiH
aifTapibIKTall )KaKcapTa ajJaThIHBIH KOPCETTI.

Herisri cesnep: "JKacein" skoHOMEKaA, aybul HIapyallbUIBIFBI, TYPAKThl JaMy, SKOJOTHSUIBIK TOyeKeJaep,
WMHHOBaIsIIap, Oerimueny.
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