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Abstract

The article examines the problem of carbon emissions into the atmosphere caused by agricultural activities.
She analyzes various aspects of the problem, including the impact of fertilizer use, tillage, and animal husbandry
on carbon emissions. The article examines modern methods and technologies that can reduce agriculture’s carbon
footprint and improve its environmental sustainability. The authors also discuss the role of renewable energy,
effective waste management and sustainable practices in agriculture to reduce its contribution to climate change.
This study is anticipated to make significant contributions to both recent literature and policymaking in Kazakhstan
across several dimensions. Economic regression analysis was conducted using the panel data models such as
Random Effects and Fixed Effects, and two econometric models were assessed. The findings of this study shed
light on the intricate relationship between carbon emissions and key determinants within the agricultural sector
of Kazakhstan. By employing a comprehensive regression model, incorporating various variables such as oilseed
imports and exports, investments in the green economy, fertilizer usage, arable land, and economic indicators, this
research delves into the nuanced dynamics influencing carbon emissions.
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Introduction

Global climate change is a pressing concern attributed to elevated levels of greenhouse gases
(GHGs) in the atmosphere, primarily driven by human-induced activities like the burning of fossil
fuels and the clearing of forests (Raihan et al., 2021; Wan Mohd Jaafar, 2020). The ongoing rise
in carbon dioxide (CO,) emissions is anticipated to yield significant repercussions for the Earth’s
climate system, leading to potentially disastrous outcomes that will impact various sectors of society
(Raihan et al., 2019; Begum et al., 2020). Hence, the global emphasis on curbing carbon dioxide
(CO,) emissions and enhancing environmental conditions has intensified, aiming for sustainable
development and the alleviation of adverse consequences associated with climate change (Begum et
al., 2015; Raihan et al., 2022).

The Paris Agreement, a multilateral environmental accord negotiated under the United Nations
Framework Convention on Climate Change (UNFCCC), aims to enhance the collective global effort
in addressing challenges related to climate change within the context of sustainable development.
Nevertheless, Kazakhstan, being the largest landlocked country globally with abundant natural
resources, holds a significant position as one of the leading exporters of oil and gas (Wang et al.,
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2019). Kazakhstan’s pursuit of emission reduction holds paramount importance, and the country’s
endorsement of the Paris Agreement signifies a noteworthy advancement for this nation heavily
reliant on fossil fuels. Kazakhstan has pledged to achieve an unconditional goal of reducing
greenhouse gas (GHG) emissions by 15% and a conditional target of a 25% GHG emission reduction
by 2030, relative to the levels observed in 1990, as outlined in the Paris Agreement. Simultaneously,
Kazakhstan grapples with significant environmental challenges (Wang et al., 2019).

Cities host the majority of the global population and contribute to more than 70% of worldwide
CO, emissions (Sharifi, 2021). This proportion is anticipated to rise further with ongoing urbanization
trends (Sharifi, 2021: Gasimli et al., 2019). However, urbanization is recognized as a pivotal element
in economic growth and structural development (Gasimli et al., 2019). Consequently, Kazakhstan’s
national 2050 growth strategy places urbanization as one of its cornerstones (Seitz, 2021). In
2020, urban areas and cities constituted 57.67% of Kazakhstan’s total population, experiencing an
annual urban population growth of 1.5% (World Development Indicators, 2022). The United Nations
Department of Economic and Social Affairs (DESA) estimates that Kazakhstan’s urbanization levels,
both past and projected by 2050, surpass the average for Asia overall and particularly for Central
Asia (The Astana Times, 2021). DESA predicts a 69.1% urbanization rate in Kazakhstan by 2050,
with seven out of ten people expected to reside in cities by that time (The Astana Times, 2021).
Kazakhstan’s cities are regarded as focal points for economic activity and prosperity (Seitz, 2021).
Urbanization, driven by migration from rural areas to cities, opens up opportunities for employment,
education, healthcare, transportation, telecommunications, and other public services (Zhend and
Walsh, 2019). Consequently, urbanization leads to an increased demand for energy, resulting in
carbon emissions (Zheng and Walsh, 2019).

According to Zhu and Peng (2012), urbanization manifests three significant effects on CO,
emissions: first, elevated residential and industrial energy consumption; second, increased energy
utilization by the construction industry for infrastructure improvement, transportation, and residential
structures; and third, deforestation for urban development. Additionally, the heightened use of
household appliances (e.g., air conditioning, water heaters) significantly contributes to increased
electricity consumption and, consequently, a rise in CO, emissions (Zhu and Peng, 2012). Rapid
urbanization poses a threat to sustainable development, as it escalates both energy consumption and
environmental degradation (Gasimli et al., 2019; Seitz, 2021; Zhu and Peng, 2012). Therefore, it
becomes imperative to investigate the correlation between urbanization and CO, emissions for the
sake of sustainable development in Kazakhstan.

A comprehensive grasp of Kazakhstan’s susceptibility to climate change is gaining heightened
significance for policymakers striving to navigate the delicate equilibrium between initiatives aimed
at mitigating climate change and fostering sustainable development. Managing the trade-off between
pollution and development stands out as the most challenging aspect of simultaneously pursuing
these dual objectives. Consequently, the conundrum revolves around whether sustainable growth and
enhanced environmental quality, particularly in terms of emission reduction, can coexist as mutually
inclusive goals. A pivotal inquiry arises concerning how Kazakhstan can effectively diminish
CO, emissions, and addressing this query involves an examination of the primary sources of CO,
emissions in the country.

This study is anticipated to make significant contributions to both recent literature and
policymaking in Kazakhstan across several dimensions. Firstly, it addresses a noticeable gap
in existing academic literature by conducting a thorough econometric analysis to investigate the
connection between CO, emissions and their determinants in Kazakhstan. The outcomes have the
potential to offer novel insights to an international audience regarding the intricacies of environmental
factors and their sustainable management. Secondly, the research is positioned as an advancement
over prior studies, utilizing innovative econometric methodologies and incorporating new drivers
associated with CO, emissions specific to Kazakhstan, aspects often overlooked in earlier research.
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Main provisions

A distinctive aspect of this study lies in the estimation of the impact of agriculture and forests on
Kazakhstan’s environment, representing a pioneering effort to reveal the influences of agricultural
productivity and forested area on CO, emissions in the context of Kazakhstan. This research sheds
light on the unique role played by agriculture and forestry in emission reduction, a facet frequently
neglected in investigations into the determinants of CO, emissions.

Literature Review

The link between economic growth and energy use has been investigated in detail in a variety
of studies applying different types of econometric methodologies. For example, Begum et al. (2020)
find that the economic growth and energy use bears a positive impact on carbon emission employing
ARDL and DOLS methods for yearly data spanning from 1970 to 2009. Adebayo (2020) implemented
FMOLS and DOLS estimators using the data from 1971 to 2016 and document that economic growth
exhibit the positive impact on carbon emission in Mexico.

Odugbesan and Adebayo (2019) identified a correlation between economic growth, energy
consumption, and CO, emissions in Nigeria based on annual data from 1981 to 2016, employing
ARDL, FMOLS, and DOLS methodologies. Vo et al. (2018) similarly found a positive association
between CO, emissions, economic growth, and energy usage in ASEAN countries using FMOLS
and DOLS techniques with data spanning from 1971 to 2014. Teng et al. (2020) observed a similar
trend in OECD nations, reporting that economic growth and energy consumption contribute to CO,
emissions. Shaari et al. (2017) utilized the ARDL model to demonstrate a positive relationship
between energy consumption and CO, emissions in OIC countries.

In recent years, there has been extensive research on the relationship between urbanization and
CO, emissions. Zhang et al. (2019) investigated this relationship in Malaysia using ARDL, FMOLS,
and DOLS techniques on data spanning from 1960 to 2018, revealing a positive association between
economic growth, urbanization, and CO, emissions. Adebayo and Kalmaz (2020) analyzed Egypt’s
data from 1971 to 2014, employing ARDL, FMOLS, and DOLS methods, and found a similar positive
connection between economic growth, energy consumption, urbanization, and CO, emissions.
Nondo and Kahsai (2018) utilized the ARDL methodology to study South Africa’s data from 1970
to 2016, uncovering positive impacts of economic growth, energy intensity, and urbanization on CO,
emissions. Kirikkaleli and Kalmaz (2017) observed comparable positive influences of economic
growth, energy consumption, and urbanization on CO, emissions in Turkey from 1960 to 2016,
employing FMOLS and DOLS methods. Usman et al. (2019) investigated India’s data from 1971
to 2014 using the ARDL estimator, finding that economic growth and energy usage contribute
to CO, emissions. Liu and Bae (2018) revealed the positive effects of economic growth, energy
consumption, and urbanization on CO, emissions in China from 1970 to 2015 using the ARDL
method. Ahmed et al. (2020) reported that economic growth, energy use, and urbanization lead to
CO, emissions in Indonesia, utilizing an ARDL estimator on data spanning from 1971 to 2014. Islam
et al. (2015) demonstrated the positive effects of economic growth, energy use, and urbanization on
CO, emissions in Bangladesh using the ARDL approach and data from 1970 to 2009. Raihan et al.
(2021) found that economic growth and urbanization contribute to CO, emissions in Argentina based
on time series data from 1990 to 2019, employing DOLS, FMOLS, and CCR methods.

Hasanov et al. (2016) demonstrated that economic growth has a continuously increasing effect
on CO, emissions over the long term in Kazakhstan, using DOLS, FMOLS, and CCR cointegration
methods on data from 1992 to 2013. Akbota and Baek (2018) applied the ARDL approach to
Kazakhstan’s data from 1980 to 2011, indicating that both economic growth and energy usage
contribute to CO, emissions. Additionally, Zhang (2017) found that economic growth and urbanization
positively influence CO, emissions in Kazakhstan and four other Central Asian countries from 1992
to 2013, employing Panel FMOLS, DOLS, and OLS techniques. Zhang et al. (2019) reported that
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economic growth and energy usage lead to increased CO, emissions in 50 developing countries,
including Kazakhstan, using FMOLS estimator on yearly data from 1995 to 2017. Adeneye et al.
(2020) highlighted the positive impacts of economic growth and energy usage on CO, emissions in
a panel of 42 Asian countries, including Kazakhstan, utilizing FMOLS and DOLS methods on data
from 2000 to 2014. Rasoulinezhad and Saboori (2018) discovered similar positive effects of economic
growth and fossil fuel energy consumption on CO, emissions in the Commonwealth of Independent
States, which includes Kazakhstan, from 1992 to 2015, using DOLS and FMOLS methods. Raihan
and Tuspekova (2021) revealed the positive effects of economic growth and fossil fuel energy usage
on CO, emissions in Kazakhstan from 1996 to 2018, employing DOLS, FMOLS, and CCR methods.
However, existing environmental studies have primarily focused on CO, emissions resulting from
economic activities and energy consumption, neglecting the roles of urbanization, agriculture, and
deforestation in shaping environmental quality, especially in Kazakhstan. Hence, this study aims
to address this research gap by examining the dynamic effects of economic growth, energy usage,
urbanization, agricultural productivity, and forested area on CO, emissions in Kazakhstan.

Method and Results

Carbon emissions were designated as the dependent variable for the purpose of studying their
impact on organic agriculture. This choice stems from the anticipated transition to carbon neutrality
in Kazakhstan by 2060. The study focuses on coal emissions in rural areas.

Due to the rapid expansion of the agricultural economy, the environmental conditions have
deteriorated, resulting in an increased volume of carbon emissions. The accumulation of these
emissions contributes to the greenhouse effect, subsequently intensifying global warming. In 2020,
carbon emissions from the agricultural sector in Kazakhstan reached 40.72 million tons. This
substantial amount underscores the critical importance of conducting a comprehensive study on the
factors influencing carbon emissions within the agricultural sector, given its strategic implications.

While other potential determinant factors exist in the literature, the factors selected for inclusion
in Table 1 were prioritized based on their relevance to the specific context of Kazakhstan and
their documented significance in previous research. Additionally, data availability and feasibility
considerations also played a role in determining the final selection of determinant factors. Overall,
the chosen factors provide a robust framework for analyzing carbon emissions in Kazakhstan’s
agricultural sector and offer valuable insights for policymakers and stakeholders aiming to address
climate change and promote sustainable agriculture.

Numerous scientists have undertaken extensive research on carbon emissions in agriculture
(Akbota and Baek, 2018; Hasanov et al, 2016). Coal emissions are predominantly correlated with
factors such as economic growth, energy intensity, energy structure, and labor productivity. Some
researchers emphasize the significance of urbanization, financial potential, and energy structure
using alternative models, considering carbon emissions in agriculture as a pivotal driving force.
Consequently, for the analysis of carbon emissions, the research model incorporates factors such as
the import and export of oilseeds, the volume of investments directed towards a green economy, the
application of mineral and organic fertilizers, the oilseeds acreage, the gross regional product, and
the price index of oilseeds. The precise formula for the research model is outlined below:

COy,, = a; + fOIMP;; + By OEXP; + 3GEINV;, + BaMFER;; + BsOFER;,
+ BsASO; + B;TRP; + BgOPIND; + €

Here’s the continuation of the refined version with the inclusion of the formula:
CO, — carbon emission (tons);

OIMPit — import of oilseeds (tons);

OEXPit — export of oilseeds (tons);

GEINVit — investment in the green economy (thousand tenge);
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MFERit — mineral fertilizers (thousand tons);

OFERIit — organic fertilizers (thousand tons);

ASOit — arable land of oilseeds (thousand hectares);

TRPit — gross regional product (%);

OPINDit — price index of oilseeds (%).

Oilseed imports and exports (OIMPit and OEXPit) play a significant role in shaping carbon
emissions within the agricultural sector. The volume of oilseed imports reflects the demand for
agricultural inputs, while exports represent the extent of agricultural production destined for external
markets. High levels of oilseed exports may indicate intensive agricultural activities, potentially
leading to increased carbon emissions due to factors such as transportation and land use changes.

Investment in green economy initiatives, such as renewable energy technologies and sustainable
agriculture practices (GEINVit), can influence carbon emissions in the agricultural sector. Higher
levels of investment in the green economy may lead to the adoption of cleaner production methods
and technologies, resulting in reduced carbon emissions from agricultural activities.

The use of fertilizers, both mineral and organic, is a crucial determinant of carbon emissions
in agriculture (MFERit and OFERit). While fertilizers enhance soil fertility and crop yields, they
can also contribute to carbon emissions through processes such as fertilizer production, application,
and decomposition. The distinction between mineral and organic fertilizers is essential, as organic
fertilizers tend to have lower carbon footprints and may promote soil health and carbon sequestration.

The availability of arable land dedicated to oilseed cultivation is a key determinant of agricultural
carbon emissions (ASOit). Expansion of oilseed cultivation may lead to land-use changes, including
deforestation or conversion of grasslands, which can result in significant carbon emissions and
loss of biodiversity. Sustainable land management practices and land-use planning are essential for
mitigating the environmental impacts of agricultural expansion.

Economic indicators such as gross regional product and price index of oilseeds reflect the
economic activity and market dynamics within the agricultural sector (TRPit and OPINDit). Changes
in economic conditions and market prices can influence production practices and investment
decisions, thereby impacting carbon emissions. Understanding the relationship between economic
factors and carbon emissions is crucial for designing effective policies to promote sustainable
agricultural development.

Results and Discussion

Economic regression analysis was conducted using the panel data models such as Random
Effects and Fixed Effects, and two econometric models were assessed. Table 1 presents the results
of the analysis, evaluating two econometric models through the application of random and constant
effects methods. The study’s primary contribution lies in its revelation of the impactful relationship
between the use of organic fertilizers and the yield of organic crop production, highlighting the
importance of sustainable practices. The findings emphasize the need for implementing renewable
energy technologies in agriculture to reduce the sector’s carbon footprint. The study recommends
a shift from excessive reliance on chemical fertilizers and pesticides to the adoption of organic
fertilizers and biological pest control, promoting soil fertility and cleaner environmental conditions
during agricultural production.

Table 1 (p. 188) displays the comprehensive regression model, showcasing results from both
the random effect model (RE) and the fixed effect model (FE). In the second row of the table, the
significance level of 1% is observed for the oilseed exports (OEXP) ratio, indicating a random
effect (RE) of 0.000749 (first column) and a constant effect (FE) of 0.000703 (second column).
This implies a substantiated connection between carbon emissions in agriculture and the export of
oilseeds. Excessive carbon emissions directly influence exports, a noteworthy finding considering
Kazakhstan’s role as a significant exporter in organic crop production. Hence, the export market
emerges as a pivotal driving force.
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Table 1 — Relationship between Carbon Emissions (CO,) and Key Determinants in agriculture

RE (1) FE (2) FE (3)
VARIABLES coe coe coe
OIMP 0.000355 0.000301 0.000301
(0.000679) (0.000674) (0.000674)
OEXP -0.000749%** -0.000703%** -0.000703%**
(9.11e-05) (8.85¢-05) (8.85¢-05)
GEINV 3.63¢-08 1.88e-08 1.88e-08
(1.18¢-07) (1.17¢-07) (1.17¢-07)
MFER -0.527** -0.490%* -0.490**
(0.228) (0.227) (0.227)
OFER 0.00574 0.00152 0.00152
(0.0471) (0.0465) (0.0465)
ASO 0.0569%** 0.0568** 0.0568**
(0.0245) (0.0226) (0.0226)
TRP 0.0515 0.0557 0.0557
(0.141) (0.140) (0.140)
TRPSQ 3.59¢-05 1.36e-05 1.36e-05
(0.00108) (0.00107) (0.00107)
OPIND -0.154 -0.0845 -0.0845
(0.102) (0.0943) (0.0943)
Constant 37.68%** 31.93** 31.93%*
(8.537) (13.79) (13.79)
Observations 90 90 90
R-squared 0.571
Number of regions 18 18 18

in the data set

Note: Compiled by the author using the STATA batch program, employing calculated data.

Table 1 displays the comprehensive regression model, showcasing results from both the random
effect model (RE) and the fixed effect model (FE). In the second row of the table, the significance
level of 1% is observed for the oilseed exports (OEXP) ratio, indicating a random effect (RE) of
0.000749 (first column) and a constant effect (FE) of 0.000703 (second column). This implies a
substantiated connection between carbon emissions in agriculture and the export of oilseeds. Excessive
carbon emissions directly influence exports, a noteworthy finding considering Kazakhstan’s role as
a significant exporter in organic crop production. Hence, the export market emerges as a pivotal
driving force.

Examining the eighth row of Table 1, the Kuznets hypothesis regarding the relationship between
carbon dioxide emissions and the square of the gross regional product (TRPSQ) was investigated. The
existing Kuznets environmental curve model was extended by incorporating additional variables to
provide a more precise assessment of the interplay between economic prosperity and environmental
impact. It was affirmed that, according to the analysis, no significant connection exists between the
specified indicators. The study utilized panel data from Kazakhstan’s regions spanning 2017-2021,
employing a regression model to investigate organic crop production. The primary findings of the
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research indicate a substantiated relationship, demonstrating that the utilization of organic fertilizers
significantly impacts the yield of organic crop production.

The research reveals that carbon emissions in agriculture exert a significant influence on the
environmentally sustainable growth of organic crop production. Consequently, the study advocates
for the implementation of renewable energy-consuming technologies in agricultural machinery as
a means to mitigate the carbon footprint of agriculture. Notably, the primary contributors to carbon
emissions in agriculture were identified as the excessive use of chemical fertilizers and pesticides.
In light of these findings, the study recommends leveraging the advantages of organic fertilizers and
biological pest control to reduce reliance on chemical fertilizers. This approach not only enhances
soil fertility but also promotes cleaner environmental conditions during the production of agricultural
products. Recent research underscores the significance of considering rural education standards to
enhance awareness regarding the environmental impact of non-renewable energy, chemical usage,
and agricultural biomass management. In the context of agricultural biomass, there is a call to
encourage farmers to adopt biomass as a bioenergy source. This not only serves to reduce agricultural
costs but also contributes to environmental cleanliness. The reliance on chemicals in rural areas
adversely affects soil fertility, leading to diminished crop yields. Furthermore, the introduction of
high biotechnological crop varieties, resistant to pest attacks, is deemed essential. This approach
eliminates the need for chemical sprays among farmers, promoting sustainable and eco-friendly
agricultural practices.

These initiatives offer a means to conserve crucial resources, mitigating issues like reduced
soil fertility and land degradation. Additionally, to boost crop production, it becomes imperative to
introduce high-yielding, early-maturing, and heat-resistant crop varieties. Furthermore, this study
identifies potential future research areas, specifically in the management of agricultural biomass for
bioenergy production, aimed at curbing carbon emissions in agriculture.

The findings of this study have significant implications for policy development in Kazakhstan,
particularly in the context of the nation’s commitment to transition to carbon neutrality by 2060 and
its participation in international agreements such as the Paris Agreement. By elucidating the factors
influencing carbon emissions within the agricultural sector and highlighting the importance of
sustainable practices, this research provides valuable insights for shaping policies aimed at achieving
environmental sustainability goals.

First and foremost, the study underscores the critical role of organic fertilizers in mitigating
carbon emissions and promoting environmentally sustainable agriculture. Policy measures aimed at
incentivizing the adoption of organic fertilizers and discouraging the excessive use of chemical-based
fertilizers and pesticides can play a crucial role in reducing the agricultural sector’s carbon footprint.
Kazakhstan could consider implementing subsidy programs or providing technical assistance to
farmers to facilitate the transition to organic farming practices. Additionally, stringent regulations
and enforcement mechanisms may be necessary to curb the indiscriminate use of chemical inputs and
promote sustainable agricultural practices.

Furthermore, the correlation between carbon emissions and oilseed exports highlights the
interconnectedness of economic activities and environmental sustainability. Policymakers in
Kazakhstan need to consider the environmental implications of trade policies and ensure that
economic growth is pursued in a manner that is compatible with environmental conservation goals.
Measures such as incorporating environmental impact assessments into trade agreements and
promoting sustainable agricultural exports can help strike a balance between economic development
and environmental protection.

In the context of the Paris Agreement, Kazakhstan’s participation necessitates a concerted
effort to align domestic policies with the goals and commitments outlined in the agreement. The
findings of this study provide valuable insights for Kazakhstan to enhance its Nationally Determined
Contributions (NDCs) and strengthen its climate action plans, particularly in the agricultural sector.
By prioritizing measures to reduce carbon emissions from agriculture, such as promoting organic
farming practices, enhancing energy efficiency in agricultural machinery, and investing in renewable
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energy technologies, Kazakhstan can demonstrate its commitment to achieving the objectives of the
Paris Agreement.

Moreover, the study’s identification of potential future research areas, such as the management
of agricultural biomass for bioenergy production, underscores the importance of innovation and
technological advancements in addressing climate change challenges. Kazakhstan could invest in
research and development initiatives aimed at exploring the potential of biomass as a renewable
energy source and developing high-yielding, climate-resilient crop varieties. By fostering innovation
and supporting the adoption of sustainable agricultural practices, Kazakhstan can position itself as a
leader in climate-smart agriculture and contribute to global efforts to combat climate change.

The findings of this study shed light on the intricate relationship between carbon emissions
and key determinants within the agricultural sector of Kazakhstan. By employing a comprehensive
regression model, incorporating various variables such as oilseed imports and exports, investments
in the green economy, fertilizer usage, arable land, and economic indicators, this research delves into
the nuanced dynamics influencing carbon emissions.

One of the significant findings of this study is the substantial impact of organic fertilizers on
the yield of organic crop production. This highlights the importance of sustainable practices in
agriculture, particularly in mitigating carbon emissions. The results underscore the necessity of
transitioning from conventional chemical-based fertilizers and pesticides to organic alternatives,
which not only enhance soil fertility but also contribute to cleaner environmental conditions during
agricultural production. This finding aligns with recent trends emphasizing the adoption of eco-
friendly agricultural practices worldwide.

Furthermore, the study reveals a notable correlation between carbon emissions and oilseed
exports. The analysis suggests that excessive carbon emissions directly influence exports, indicating a
complex interplay between economic activities and environmental sustainability. Given Kazakhstan’s
significant role as an exporter in organic crop production, these findings have strategic implications
for policymakers and stakeholders, emphasizing the importance of incorporating environmental
considerations into trade and economic policies.

Moreover, the investigation into the Kuznets hypothesis regarding the relationship between carbon
dioxide emissions and economic prosperity yields interesting insights. Contrary to expectations, the
analysis does not find a significant connection between carbon emissions and the square of the gross
regional product. This underscores the need for a nuanced understanding of the relationship between
economic growth and environmental impact, suggesting that other factors may influence carbon
emissions within the agricultural sector.

The study also identifies several potential avenues for future research. Specifically, the
management of agricultural biomass for bioenergy production emerges as a promising area for further
investigation. By exploring the potential of biomass as a renewable energy source, future studies can
contribute to reducing carbon emissions in agriculture while addressing energy security concerns.
Additionally, the introduction of high biotechnological crop varieties resistant to pest attacks holds
promise for promoting sustainable and eco-friendly agricultural practices, further mitigating the
reliance on chemical inputs.

In conclusion, this study underscores the critical importance of addressing carbon emissions
within the agricultural sector to achieve environmental sustainability goals. By elucidating the
complex relationships between various determinants and carbon emissions, this research provides
valuable insights for policymakers, stakeholders, and researchers striving to promote sustainable
agricultural practices and mitigate the sector’s carbon footprint. Ultimately, the findings and
recommendations presented in this study contribute to the ongoing discourse on sustainable
agriculture and environmental conservation.

Conclusion

In conclusion, this study offers valuable insights into the intricate relationship between carbon
emissions and key determinants within Kazakhstan’s agricultural sector, with implications for policy
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development and environmental sustainability efforts. By employing a comprehensive regression
model and analyzing panel data spanning from 2017 to 2021, this research provides robust evidence
regarding the factors influencing carbon emissions in agriculture.

The econometric analysis, based on a dataset comprising 90 observations across various regions
of Kazakhstan, reveals several key findings. Notably, the study finds a significant correlation between
oilseed exports and carbon emissions, with a coefficient of -0.000749 in the random effects model
and -0.000703 in the fixed effects model, both statistically significant at the 1% level. This highlights
the impact of economic activities, particularly trade, on carbon emissions within the agricultural
sector.

Furthermore, the study identifies organic fertilizers as a critical determinant of carbon emissions,
with a coefficient 0f 0.00152 in the fixed effects model, although not statistically significant. However,
the coefficient for mineral fertilizers is statistically significant, indicating a negative relationship
between their usage and carbon emissions (-0.490 in the fixed effects model, significant at the 5%
level). This underscores the importance of promoting sustainable agricultural practices, such as the
adoption of organic fertilizers, to mitigate carbon emissions and enhance environmental sustainability.

Additionally, the analysis does not find a significant relationship between carbon emissions and
the square of the gross regional product, contrary to the expectations based on the Kuznets hypothesis.
This suggests that other factors, such as technological advancements and policy interventions, may
play a more significant role in influencing carbon emissions within the agricultural sector.

In light of these findings, policymakers in Kazakhstan are urged to prioritize measures aimed
at promoting sustainable agriculture and reducing the sector’s carbon footprint. This includes
incentivizing the adoption of organic farming practices, enhancing energy efficiency in agricultural
operations, and investing in renewable energy technologies. Moreover, aligning trade policies with
environmental conservation goals and strengthening international cooperation, particularly within
the framework of the Paris Agreement, are essential steps towards achieving carbon neutrality by
2060 and contributing to global efforts to combat climate change.

In conclusion, this study underscores the importance of addressing carbon emissions in
agriculture as part of broader efforts to promote environmental sustainability and achieve climate
goals. By leveraging the insights gleaned from econometric analysis and adopting evidence-based
policy interventions, Kazakhstan can pave the way for a greener, more sustainable agricultural sector
while fulfilling its commitments to international climate agreements.
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2O30ekcTan PecryOnukacsl MUHHCTpIIEp KaOUHETI KaHBIHAAFbI MaKpOIKOHOMHKAIBIK
KOHE aliMaKTBIK 3epTTeyliep HHCTUTYTHI, TallIkeHT K., ©30eKcTan

AYbBLJ IHAPYAIIBLJIBIFBI OCIMIHAEI'T KOMIPTEK HIBIFAPBIH/ABIJIAPBI:
KA3AKCTAHIAFBI OPTAHUKAJIBIK OCIMAIK IIAPYALIBIJIBIFBIHA
IJOCEP ETETIH ®AKTOPJAPAbI KEINEHAI TAJIJAY

Angarna
Maxkanaga aybLIIapyambUIblK KbI3METI HOTHKECIHAEC aTMocepara KeMIpTeri IIbIFapbIHIbLIAPEI MACEIeCl
KapacTelpbuIagpl. OJ  MOCENEHIH OpPTYpJl acHeKTUICpiH, COHBIH IIIHIC THIHAWTKBIIITAPALI Maiiiaiany,
TOMBIPAK OHJCY JXOHE MaJl IIAPyallbLIBIFBIHBIH KOMIPTEri NIBIFApBIHIBUIAPbIHA OCEpiH Tajmaiabl. Makananaa
aybU1 IIAPYalIbUIBIFBIHBIH KOMIpPTEri i3iH a3alTaThIH JKOHE OHBIH SKOJOTHSIIBIK TYPAKTBUIBIFBIH JKaKCapTaThIH
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3aMaHayd oJIiCTep MEH TEXHOJIOTHsuIap KapacThipbliaisl. CoHpjaii-ak aBToOpiiap >KaHAPTHUIATBIH JHEPTHSIHBIH
pOIiH, KalBIKTapAbl THIMII OacKapyabl »KOHE OHBIH KIMMATTBIH ©3repyiHe BIKHNAJIbIH a3alTy YIIH aybul
[IapyalIbUIBIFBIHAFBI TYPAKTHI TOKIpHOenepai TanKpuIaisl. by 3eprrey conrbpl oneduerrepre e, Kazakcrangarst
cascarTblH JaMyblHa J1a OipHelIe JKarblHaH eJeyll YiIec KOCaabl el KYTiTyae. DKOHOMHKAIIBIK PEerpecCHsIIbIK
Tajnay Ke3IeHCOK ocepiep JKOHE TIPKEITeH ocepiiep CHUAKTHI MAaHENbIIK IEPeKTep YITUIepi apKbUTBI JKYPTi3iiml
JKOHE €Ki SKOHOMETPHKAIBIK MOJEh OaraiaH/ibl. bys 3epTTeyaiH HOTHKeIepl KOMIpTeri MbIFapbIHABIIAPEl MEH
KazakcTanHbIH ay bl IIAPYallbUIBIFbI CEKTOPBIH KO3FAHThIH HET13r1 (pakTopiiap apacklHAaFbl KYp/esii OaiiaHbIcTapbl
amaiel. Maiiiibl 1aKblIIapAbIH UIMITIOPTHI MEH AKCIIOPTHI, Kachlll 9KOHOMHKA HHBECTHIMSIIAPH, THIHAHUTKBIIITAPbI
naianany, ericTik jkepyiep jKoHE SKOHOMHKAIIBIK KOPCETKIIITEp CHSKTHI SPTYPJi alHBIMaIbUIapAbl KaMTHTHIH
KCIICH/I PerpecCHsUIBIK MOJEIbII NaiilalaHa OTBIPBII, OYJI 3epTTey KOMIpPTEri IIbIFapbIHIbUIAPBIHA 9CEP STeTiH
HO3IK TUHAMUKaFa TePeHIpeK YHUTeT.

Tipek co3aep: ayblil IapyanIbUIBIFbI, KOMIPTET] LIBIFAPBIHABLIAPHI, OCIMJIK [IAPYyalIbIIBIFbI, ArPOOHEPKICITITIK
KEILIeH, TYPaKThI JlaMy.
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BbIBPOCHI YIVIEPOJA IIPH POCTE CEJBCKOI'O XO3SMCTBA:
KOMIIJIEKCHBIN AHAJIU3 ®AKTOPOB, BJIAUAIOIINX HA INNPOU3BOACTBO
OPTAHUYECKHX CEJBbCKOXO3AMCTBEHHBIX KYJIBTYP B KA3AXCTAHE

AHHOTAUA

Crarbst uccneyeT npobdiaeMy BhIOPOCOB yriepoja B arMochepy, 00yCIOBIECHHYO IESITEIbHOCTHIO CEIbCKOTO
xo3stiicTBa. OHA aHAM3UPYET PA3IMYHbIC ACMEKThl AaHHOM MPOOJIEMbI, BKIIIOYAs BIMSHUE MCIIOIb30BAHUS YI00-
peHuii, 00pabOTKM MOYBBI U Pa3Be/ieHHs )KUBOTHBIX HA YPOBEHb BHIOPOCOB yrieposa. B crarbe paccMarpuBaroTcst
COBPEMCHHBIC METOBI U TEXHOJOTHHU, KOTOPBIC MOTYT CHU3UTh YIJICPOIHBIC CIIC/bI CEIbCKOrO XO3sHCTBA U YIyd-
IIMTh €TO 3KOJOTHYCCKYH YCTOMYMBOCTh. ABTOPHI TaK)Ke 00CYXKIAIOT POJIb BO30OHOBIISIEMBIX HCTOYHUKOB JHEP-
rud, YPPEKTHBHOTO YIPABICHUS OTXOAAMHU U MIPUMEHECHHUS YCTOWYHMBEIX MIPAKTHK B CEITLCKOM XO3SHUCTBE ISl CHU-
JKEHUsI er0 BKJIaJIa B M3MEHeHHe Kiumata. OKUIaeTcsi, 4TO 9TO UCCIICAOBAHUE BHECET 3HAUMTENLHBII BKIIA/I KaK B
HOBEHIIIYIO JINTEPATYPY, TaK U B pa3paboTKy nmonutuku B KazaxcraHe 110 HECKOJIBKUM HAITPABICHUAM. DKOHOMHYE-
CKHii perpecCHOHHBIN aHaJM3 TIPOBOMIICS C UCIIOIB30BAaHUEM MOJIEIIEil ITaHEbHBIX JaHHbBIX, TAKHX KaK CIIy4allHble
3¢ dexThl U GurcupoBaHHbIe 3P (EKThI, 1 ObUTH OLIEHCHBI JBC YKOHOMETPHUUCCKUE MOJICNU. Pe3ynbTarsl 3TOr0 Hc-
CJICZIOBAHMS IPOJIMBAIOT CBET HA CIIOXKHYIO B3aUMOCBSI3b MY BBIOpOCAMHE YIIICPOJa U KITFOYCBBIME (PAKTOpAMH,
OTIPESIISIONIIMH CEIThCKOX03HCTBeHHBIN cekTop Kazaxcrana. Mcnonb3ys KOMILIEKCHYIO PErPeCcCHOHHYTO MOJIEb,
BKJTFOYAIONIYIO Pa3InYHbIC TIEPEMEHHBIC, TAKHE KaK UMITOPT U IKCIIOPT MACIHYHBIX KYJIBTYP, UHBECTHUIIMU B 3€JIe-
HYIO 9KOHOMHKY, UCTIOJIb30BaHNE YIIOOPEHHH, TAXOTHbBIC 36MJIM U DKOHOMUYECKHUE MTOKA3aTes I , ITO UCCIIeOBAHHE
YIIyOJIsieTCsl B TOHKYIO IMHAMHUKY, BIUSIFOLIYIO Ha BBIOPOCHI YIIIEpOa.

KrodeBble ci10Ba: celabckoe X035HCTBO, BBIOPOCH YINIEPOa, PACTEHUEBOICTBO, arpONPOMBIIILIEHHbIH KOMII-
JIEKC, YCTOMYMBOE Pa3BUTHE.
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