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Abstract. Climate change is one of the global environmental and socio-economic problems. In re-
cent decades, significant impacts have been exerted by the increase in greenhouse gas levels in
the atmosphere, global warming, and the growing frequency of natural disasters, which directly
affect many sectors, including agriculture, as they pose a threat of reduced productivity and dete-
rioration of land fertility. The purpose is a comprehensive study of the dynamics of carbon emis-
sions and the determination of the impact of hydrometeorological phenomena on the performance
and stability of the agrarian sector. Methods — analysis and synthesis, and the economic-statistical
method to identify indicators of adaptation of agro-industrial production to various climatic condi-
tions. The empirical basis of the research consists of data from the Bureau of National Statistics of
the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan on annual precipita-
tion for 2019-2023, as well as information on carbon dioxide emissions for 2020-2024. Results in-
dicate the relevance of introducing climate-resilient methods into AIC production processes, effec-
tive land resource management practices, and a multi-faceted approach to addressing food security
challenges. The conceptual model reflects climate transformation and the effects of social and eco-
nomic factors on the agrarian sphere and food systems, and demonstrates their interconnection
and interdependence. This concept serves as a practical basis for developing strategies to enhance
adaptability and optimize the agro-industrial complex. Conclusions — the established facts corres-
pond to the Sustainable Development Goals (poverty eradication, combating adverse climate impacts,
and environmental protection) and are aimed at creating reliable prospects for food provision.

AHpatna. KnumatTblH e3repyi-kahaHAblK 3KONMOIMAMNbLIK XKoHe dJleyMeTTIK-3KOHOMUKaNbIK
macenenepaiH 6ipi. COHFbl OHXbINAbIKTapaa aTmocdepagarbl MapHUKTIK raspapablH Kebetoi,
*ahaHAbIK XbINbIHY )XX9He Tabufu anaTtTapAblH Keberwi anTapnbiKTan acep eTTi, Oyn KentereH
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cananapfa, COHbIH ilWliHAe aybiN WapyalwbiSbifblHa Tikenewn acep etefi, ©MTKeHi onap eHiMAINIKTIH
ToMeHAeYiHe XX9He Xep KYHapnbUbIifbIHbIH, TOMeHAeYyiHe Kayin TeHAaipeni. Makcambl — KemipTeri
WhbifapblHAbINAPbIHbIH, ~ AMHAMUKACbiH  KelleHAl 3epTTey JXoHe rMapomMeTeoposiornsanbIk
KyOblnbICTapAblH arpapriblK CEKTOPAbIH HATUXeNi KbI3MeTi MeH TYpPaKTbibIFbiHA 3CEpPiH aHbIKTay.
Odicmep - Tanpay XaHe CUHTe3AeY, arpOeHepPKacinTik eHAIpiCTIH apTypni KNMMaTTLIK Xargannapra
Oenimaeny KepceTKilTepiH aHblKTay YLWiH 3KOHOMMKanbIK-CTaTUCTUKaNbIK. FbINbIMUA XXYMbICTbIH
amnupukanslK HeridiH KaszakctaH Pecnybnukacbl CtpaTterusinbik xocnapnay xaHe pecopmanap
areHTTIriHiH YNTTbIK CTaTUCTMKA OropocbiHbIH 2019-2023 xbingapparbl atTMocdepanblK XayblH-
WawblHHbIH, XbINAbIK Meswepi Typanbl AepekTtepi, coHpan-ak 2020-2024 xbingapAarbl
KOMIpKbILKbIN rasbiHblH, 6eniHyi Typanbl aknapat Kypanabl. Hemuxenep — AOK eHAaipicTik
npouecTepiHe KNnMMaTKa Tesimai agictepai eHrisyaiH e3ekTiniriH, XXep pecypcrapbiH THiMAi 6ackapy
NpPaKkTUKacblH XX8He a3bIK-TYJIK KayincisairiH kKamTamacbI3 eTy MiHAETTepiH Ken acnekTini wewyAi
awraktangbl. TyXblpbiMAamManbiK MogenbAe KNUMMaTTblK TpaHcdopmauus XKoHe oneyMmeTTik-
3KOHOMUKanbIK 6aFbiTTafbl (pakTopnapAbliH arpaprbiK canara XoHe a3bIK-TYJiK XXynenepiHe acepi,
coHaan-aK onapAblH e3apa 6annaHbICbl MEH ©3apa Tayenainiri kepcetinreH. byn Tyxbipbimgama
arpoeHepkKacinTiK KewWweHHiH 6erimaenyiH apTTbIpy XXoHe OHTauNnaHAbIPy cTpaTernanapbiH asipney
YUWiH npakTUKanbIK Heriz 6onbin Tabbinagbl. KopbimbiHObINap — 6enrineHreH cakTinep TypakTbl
AaMy MakKcaTTapbliHa caMKec Keneai (kegemnnikTi X0k, KonancbI3 KNMMaTTbIK KOpPiHiCTepMeH Kypecy
YXXOHe KopluaFaH opTaHbl KOpfay), a3bIK-TyNikneH KaMTamachbi3 eTyAiH ceHiMai nepcnekTuBanapbIiH
KypyFfa GafbITTanfaH.

AHHoOTaumsA. U3meHeHMne Knmara - ogHa U3 rnobanbHbIX IKOJIOrM4YecKnX U counanbHO-3KOHOMMUYe-
cKkux npo6nem. 3a nocnegHue gecsaTUNeTUA 3HaYNTeNbHOE BNUsiHNE OKa3bIBaloT POCT YPOBHA nap-
HUKOBLIX ra3oB B aTMocdepe, rmobanbHoe noTenneHne U y4yalweHue NpupoaHbIX katactpod, Ko-
Topble HanpsiMyto 3aTparuBalOT MHOrMe OTpacsiM, B TOM YuClle cefibCKoe XO3SINCTBO, NMOCKOJbKY
HeCyT Yyrpo3y CHWXEHMUIO NPOAYKTUBHOCTU U yXYyALIEHUIO nnogopoaus 3emMenb. Ljesib — komnnekc-
HOe uccregoBaHMe AMHAMUKN BbIOPOCOB yrnepoaa v onpegerneHne BO3fencTBUs rmgpomMeTeopo-
JFIOrNYecKnMx AIBJIGHUM Ha pe3ysibTaTUBHYH OeATeNIbHOCTb U CTabUNbHOCTbL arpapHoOro cekropa.
MemoObI - aHann3a n cMHTe3a, 3IKOHOMUKO-CTaTUCTUYECKMIA ANA BbIABNEeHNUA NoKka3aTenen aganTa-
UMM arponpoMbILLIIEHHOrO NPOU3BOACTBA K Pa3NIMYHbIM KNMMaTUY€CKUM YCIIOBUAM. AMnupuyec-
Kyl OCHOBY Hay4YHOW paboTbl cOCTaBNSAOT AaHHble BlOpo HauMoHanbHOM CTaTUCTUKKN AreHTCTBaA
no cTparernyeckomy nraHupoBaHuio u pedpopmam Pecny6numku KasaxctaH o roqoBom Konuyecree
aTtMmocdepHbIx ocaakoB 3a 2019-2023 roabl, a Takke MHcpopmauusa o BblaeneHun guokcumapa yrne-
poaa 3a 2020-2024 roabl. Pe3ysibmambl CBUAETENbLCTBYIOT 006 aKTyanbHOCTU BHEeOPEHUA Knuma-
TOYCTOMYUBbLIX METOAOB B Npou3BoacTBeHHble npouecchl AlK, npaktuke adpcpekTuBHOro ynpaB-
JNleHnsA 3eMesibHbLIMU pecypcaMn U MHOroacrnekTHOM pelueHun 3agay obecnevyeHUss NPOoAOBONLCT-
BeHHOW 6e3onacHocTu. B koHUenTyanbHOM MoAenu oTpaXeHbl KNMMaTuyeckasl TpaHccopmaumsa m
AencrTBue (pakTopoB couMaribHOW U AIKOHOMUYECKOW HanpaBlIieHHOCTU Ha arpapHyto ccepy u npo-
[AOBOJIbCTBEHHbIE CUCTEMbI, @ TaKXXe NOoKa3aHbl UX B3aUMOCBSI3b U1 B3aUMO3aBUCUMOCTb. DTa KOH-
uenums CNY>XUT NPakTU4eCKOM OCHOBOM ANA pa3paboTKu cTpaTernm noBbIWEeHUsl afanTUBHOCTU U
ONTMMM3aUUN arponpoMbIlUNIeHHOro Komnnekca. Bbieodbl — ycTaHOBMEHHble (haKTbl COOTBeET-
CTBYIOT LIeSIAM YCTOMYMBOro pa3BuTusA (MMKkBuMaauus 6eaHocTu, bopbba ¢ He6naronpUATHLIMYU KNn-
MaTU4YeCKUMU NPOSBIIeHUAMU U 3aluuTa OKpYKarolen cpeabl), HaueneHbl Ha co3gaHue HageXHbIX
nepcnekTUB NPOAOBOJILCTBEHHOro o6ecnevyeHus.

Keywords: agriculture, climate change, carbon emissions, greenhouse gases, precipitation, adapt-
ability and resilience, food provision.
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Introduction soil is considered the largest carbon reservoir,
Agriculture, forestry, and other land use storing three times more carbon than terrestrial
sectors account for about one-third of global biomass and twice as much as the atmos-
greenhouse gas emissions. At the same time, phere.
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Climate change is mainly caused by hu-
man activities such as deforestation and green-
house gas emissions, posing a direct and com-
plex threat to global food security. Since the
beginning of industrialization, climate change
has been characterized by long-term climatic
fluctuations resulting from deforestation and
greenhouse gas emissions. This phenomenon
negatively affects agricultural outcomes, lead-
ing to reduced yields, soil degradation, and in-
creased water scarcity (Atakunda P., Eide B.,
Kardel K. et al.) [1].

Amid growing geopolitical instability, cli-
mate change, and the weakening of logistical
chains, food security has become one of the
key strategic priorities at the global level. For
Kazakhstan, addressing these challenges in-
volves large-scale modernization of agricul-
ture, including the introduction of innovative
technologies, efficient use of natural resources,
and enhancement of climate adaptation capac-
ity. This approach is aimed at ensuring the sus-
tainability of agricultural production and
strengthening the country’s food independence
and environmental security.

Itis characterized by long-term changes in
the climate resulting from human activities. Cli-
mate change negatively affects agricultural
outcomes, leading to decreased productivity,
soil degradation, and drought. Therefore, the
intersection of climate and agriculture issues
requires defining the direction for developing
the link between food security and climate re-
silience (Awhari P., Jamal D., Muhammad M.
etal.) [2].

In recent years, the growing impacts of cli-
mate change, environmental degradation, and
resource scarcity have highlighted the need for
a fundamental transformation of economic sys-
tems. In this context, the green economy has
emerged as a strategic approach to achieving
sustainable economic growth while minimizing
adverse environmental effects. Its primary goal
is to harmonize economic development with
environmental protection through the rational
use of natural resources and the preservation
of ecological balance.

The concept of the green economy en-
compasses several key dimensions, including
improving energy efficiency, promoting renew-
able energy sources, reducing waste, and in-
troducing environmentally friendly production
technologies. For Kazakhstan, the transition to
a green economy is particularly relevant, as it
contributes to enhancing the country's climate
resilience, ensuring food security, and main-
taining natural capital. Moreover, it serves as a
foundation for integrating sustainability

principles into national development strategies
and agricultural modernization efforts.

Based on this foundation, the study ana-
lyzes the impact of climate change and green
economy initiatives on food security. It exam-
ines the effects of climate change on food se-
curity and evaluates the role of green economy
initiatives in mitigating its negative conse-
quences. Using a dataset covering the period
from 2020 to 2024 period, the research con-
ducts a statistical analysis of carbon dioxide
emissions, green economy policies, and re-
lated management measures in relation to food
security.

Literature Review

Climate change poses significant threats
to agriculture, as its impacts exacerbate exist-
ing vulnerabilities within agricultural systems.
In this context, rain-fed agriculture is particu-
larly susceptible to climate variability, with
droughts adding direct risks - a concern high-
lighted in numerous studies by both foreign and
domestic researchers. For example, research-
ers Molotoks A., Smith P., Dawson T. [3] noted
in their study that climatic disruptions signifi-
cantly increase the risks of crop failure and
pest outbreaks, making agricultural production
highly variable.

According to Bolatova Zh., Bulkhairova
Zh. [4] weather-related risks play an important
role in agriculture, as crop yields are directly in-
fluenced by weather conditions. They noted
that unfavorable weather often leads to feed
shortages, resulting in decreased livestock
productivity and a reduction in herd size. How-
ever, researchers Bjornlund V., Bjorlund H.,
Van Rooyen A. [5] emphasized in their work
that the vulnerabilities within agricultural sys-
tems stem not only from current climatic chal-
lenges but also from a long historical process
that began more than two centuries ago and
continues to this day.

The vulnerability of the agricultural sector
to climate change is largely compounded by its
dependence on subsistence farming and lim-
ited access to technology and financial re-
sources. Paul C., Bartkowski C., Donmez A. et
al. [6] and other authors demonstrated that the
unpredictability of seasonal rainfall and the in-
tensification of droughts severely weaken agri-
cultural production and food availability, poten-
tially exacerbating hunger crises.

Climate conditions and land quality have a
significant impact on agricultural development.
Greenwell M., Johnson T. [7] showed that in
the age of advanced technology, it is possible
to regulate these factors through the use of fer-
tilizers. Olajide O., Oluwadamilola A. [8] em-
phasized that agricultural development should
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not rely solely on adopting programs or con-
ducting short-term campaigns.

Although growth in the agricultural sector
has been criticized, the promotion of sustaina-
ble practices and green economy initiatives
provides opportunities to improve resource use
and food production. Chen Y., Miao J., Zhu Z.
[9] explained in their research that such
measures often fail if they are not adapted to
local economic needs. This situation highlights
the need for policies that integrate environmen-
tal sustainability with social and economic de-
velopment to help communities adapt to cli-
mate change and achieve long-term success.

Despite numerous studies by both foreign
and domestic researchers on the adaptation of
agriculture to the green economy and the issue
of agricultural product safety under climate
change conditions, this topic still remains
highly relevant.

Materials and methods

In accordance with the research objective,
economic-statistical methods, analysis and
synthesis, as well as economic analysis of the
dynamics of key factors, were applied. One of
the justifications for selecting the research indi-
cators was to conduct a comprehensive analy-
sis of the interrelated issues between green
economy policy, environmental impact, and
food security. This approach makes it possible
to quantitatively assess the scientific aspects,
identify the main research directions, the most
significant factors, as well as emerging scien-
tific trends.

Carbon emissions and the amount of at-
mospheric precipitation play an important role
in the analysis as indicators of climate change,

due to their direct impact on the safety of agri-
cultural products and the sustainability of agri-
culture.

In analyzing and conducting the research,
the study relied on the annual atmospheric pre-
cipitation data for Kazakhstan from 2019-2023
and carbon dioxide emissions data for 2020—
2024 period provided by the Bureau of National
Statistics of the Agency for Strategic Planning
and Reforms of the Republic of Kazakhstan, as
well as on the works of both foreign and do-
mestic researchers in the field of agricultural
development and improvement. Although the
review indicated a slowdown in the rate of
emission reductions and showed that the over-
all impact of climate change measures has
been positive, it also revealed that the agricul-
tural sector remains a weak link.

Results

Climate change has a significant impact
on agriculture, creating numerous challenges
for both global food production and the agricul-
tural sector. Rising temperatures, changes in
atmospheric precipitation patterns, and the in-
creasing frequency of extreme weather events
make farming and livestock production increas-
ingly difficult. Heat stress and prolonged
droughts reduce crop productivity, while exces-
sive rainfall and flooding lead to intensified soil
erosion and waterlogging. Table 1 presents
data from the Bureau of National Statistics of
the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan on environmen-
tal indicators, specifically the average annual
amount of atmospheric precipitation for the
years 2019-2023.

Table 1 — Annual amount of atmospheric precipitation in Kazakhstan, mm

atmospheric precipi-
tation, mm

2019 2020 2021 2022 2023 2024 2024 versus
2019 2023
Annual amount of 2974 | 270.7 2715 | 311.2 | 3594 | 317.74 20.34 -41.66

Note: data from the (Bureau of National Statistics...) [10]

According to table 1, the annual amount of
atmospheric precipitation across Kazakhstan
increased from 297.4 mm in 2019 to 317.74
mm in 2024, representing a growth of 20.34
mm or approximately 6.8%. When comparing
2024 to 2023, precipitation rose by 41.66 mm,

which corresponds to an increase of
about 15.1%.
Overall, the 20.9% rise in precipita-

tion during the period 2019-2024 may have
both positive and negative implications for ag-
riculture. On the positive side, higher

precipitation enhances soil moisture, improving
conditions for crop growth and potentially in-
creasing yields. On the negative side, exces-
sive precipitation can lead to waterlogging, soil
erosion, and a higher incidence of plant dis-
eases and pests, thereby raising the risk of
yield losses.

In the long term, it is essential to con-
sider regional disparities in rainfall distribution.
In arid regions, such as southern Kazakhstan,
even a modest increase in precipitation may
contribute positively to soil productivity.
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However, in the northern and foothill areas, ex-
cessive rainfall could trigger agroecological
risks, including soil degradation and reduced
agricultural stability.

Carbon emissions are one of the main fac-
tors driving climate change, and their impact on
agriculture - and consequently on food security
- is clearly evident. Carbon emissions and
greenhouse gases intensify the rate of global
warming, leading to droughts. Such changes

result in decreased soil fertility, water scarcity,
and a decline in agricultural productivity. As a
result, food prices rise, leading to socio-eco-
nomic challenges. Table 2 presents environ-
mental data from the Bureau of National Statis-
tics of the Agency for Strategic Planning and
Reforms of the Republic of Kazakhstan, specif-
ically regarding carbon emissions in agriculture
for the years 2020-2024 period.

Table 2 — Carbon dioxide emissions in Kazakhstan, million tons per year

2020 2021 2022 2023 2024 2024 versus
2020 2023
Carbon emissions 263.5 257.7 245.8 239.8 240.0 -23.5 -23.7
Carbon emissions in 41.42 42.85 41.2 41.4 42.0 0.58 -0.02
the agricultural sector
Note: data from the (Bureau of National Statistics...) [10]

Based on the data presented in table 2,
several important trends in Kazakhstan’s car-
bon emissions can be identified. The total
amount of carbon emissions across all sectors
amounted to 263.5 million tons in 2020, while
by 2024 a consistent downward trend was ob-
served, reaching 240 million tons, which repre-
sents a reduction of approximately 9.0 %. This
decline reflects the gradual effectiveness of na-
tional climate policies, improvements in indus-
trial efficiency, and the expansion of renewable
energy sources.

In contrast, the agricultural sector demon-
strated an opposite dynamic. Carbon emis-
sions increased from 41.42 million tons in
2020 to 42.0 million tons in 2024, indicating a
modest growth of about 1.4%. This increase
may be associated with the intensification of
agricultural production, the expansion of live-
stock farming, and limited adoption of low-car-
bon technologies in rural areas.

Furthermore, the similarity between the
2023 and 2024 figures indicates a slowdown in
the overall rate of decarbonization. While the

national mitigation efforts have produced a
positive cumulative effect, the persistence of
high agricultural emissions suggests structural
challenges in the transition toward a sustaina-
ble, low-carbon agricultural model. These find-
ings emphasize the need for targeted climate
adaptation policies, increased investment in
green technologies, and the promotion
of knowledge-based practices in agriculture to
enhance climate resilience and ensure long-
term sustainability.

The formation of hazardous waste from
various types of economic activities in agricul-
ture is closely related to climatic factors. Cli-
mate change — including rising temperatures,
fluctuations in precipitation patterns, and the in-
creasing frequency of droughts - affects both
the quantity and composition of organic and
chemical waste generated in agriculture.

Table 3 presents data on the formation of
hazardous waste by types of economic activity
in the agricultural sector of the Republic of Ka-
zakhstan for the period 2020-2024.

Table 3 - Formation of hazardous waste by types of economic activity, thousand tons per year

2020 2021 2022 2023 2024 2024 versus
2020 2023
Agriculture, Forestry, 2144.4 1052.7 766.8 1143.3 1250.2 -894.2 106.9
and Fisheries

Note: data from the (Bureau of National Statistics ....) [10]

Between 2020 and 2024, the volume of
hazardous waste in the Agriculture, Forestry,
and Fisheries sector shows an overall decreas-
ing trend (~42 %). During 2023—-2024, a slight
upward trend (~9 %) is observed, indicating the
recovery of production and economic activity.

The volume of hazardous waste is closely
linked to sectoral activity: in 2020, the highest
level was recorded, followed by a sharp decline
until 2022. The decrease in 2020-2022 may be
associated with reduced production due to eco-
nomic or pandemic-related constraints, stricter
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environmental regulations, and the adoption of
safer agricultural practices. Conversely, the
growth observed in 2023-2024 reflects eco-
nomic recovery and an increase in agricultural
production.

The average hazardous waste volume for
the 2020-2024 period was approximately
1271.48 tons, serving as a baseline for as-
sessing sectoral waste generation. These
trends underline the environmental implica-
tions of hazardous waste accumulation, includ-
ing potential impacts on soil, water resources,
and ecosystems. If production continues to
grow, hazardous waste volumes may further
increase, emphasizing the need for sustainable
waste management strategies. Strengthening
monitoring systems, modernizing production
technologies, and implementing “green” prac-
tices are essential measures to mitigate envi-
ronmental risks and ensure sustainable sec-
toral development.

Hossain M., Amin M., Sultana J. et al. [11]
indicated that rising temperatures and unstable
rainfall contribute to a decline in agricultural
productivity, thereby worsening food security.
They also noted that climate variability further
exacerbates the challenges faced by farmers,
particularly in regions where most irrigated land
is used for cultivating export-oriented crops. In
such circumstances, farmers who lack access
to modern irrigation systems, resilient seed va-
rieties, and climate-adapted technologies are
left with insufficient resources.

The successful development of the agri-
cultural sector largely depends on its material
and technical base. In Kazakhstan, the current
number of agricultural machines is significantly
lower than the actual demand. Therefore,
strengthening the technical base of agriculture
requires targeted measures aimed at improv-
ing and modernizing agricultural machinery
and equipment.

In the context of climate change and the
need to reduce the carbon footprint, the mo-
dernization of the agricultural technical base
has acquired strategic importance. Modern
energy-efficient machinery and precision far-
ming technologies can significantly reduce fuel
consumption, optimize the use of fertilizers and
water, and thus enhance the environmental
sustainability of the sector. Furthermore, insuf-
ficient mechanization leads to lower labor
productivity, higher production costs, and yield
losses, particularly under conditions of climatic
stress. Addressing these challenges requires
not only the renewal of the machine and tractor
fleet but also the development of service infra-
structure, the digitalization of production pro-
cesses, and the introduction of advanced

agrotechnical services (Kaliev G.A,
Moldashev A.B.) [12].

Government support in the form of invest-
ment subsidies, leasing programs, and the lo-
calization of agricultural machinery production
could become a key factor in accelerating the
modernization of Kazakhstan’s agricultural
sector and ensuring its long-term resilience.

Although green economy practices offer
several advantages, they also pose certain
challenges to the sustainability of agricultural
systems. Additionally, green economy prac-
tices may have unintended environmental and
socio-economic consequences. For example,
large-scale biofuel cultivation can reduce biodi-
versity and require more land, while small-
scale farmers may face difficulties adopting
new technologies due to higher costs and train-
ing needs. Prioritizing energy crops can also
affect local food security by reducing land avail-
able for food production.

Therefore, an integrated approach that
balances environmental protection, economic
growth, and food security is essential for sus-
tainable agricultural development. While these
practices stimulate economic growth and con-
tribute to environmental protection, they can
sometimes have adverse effects on agricul-
ture. In this regard, researcher Kinda S.R. [13]
noted that biofuel production intensifies com-
petition for land and water resources, reduces
the amount of food available to local communi-
ties, and contributes to rising prices.

The growth of the green economy may
have unintended consequences for the promo-
tion of food security. For example, researchers
He J., Osabohien R., Yin W. et al. [14] showed
that green economy policies may increase
competition for land and, at the same time,
raise demand for agricultural products, leading
to higher food prices. Additionally, green econ-
omy initiatives may create trade-offs for food
security. Large-scale bioenergy crops can re-
duce land availability for food production, im-
pact soil fertility, and lower biodiversity. Small-
holder farmers may face difficulties competing
for resources, and short-term yield reductions
can occur without proper adaptation. Policies
should therefore balance green economy
growth with measures to protect food security,
such as sustainable land use, crop diversifica-
tion, and support for small-scale farmers.

Researchers Bjornlund V., Bjornlund H.,
Rooyen A. [15] noted in their study that the im-
plementation of green economy practices may
place additional burdens on already fragile ag-
ricultural systems. Therefore, they suggested
that future strategies should focus on ensuring
equitable resource distribution, improving
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governance quality, and enhancing the use of
knowledge. In this regard, the authors recom-
mend that future strategies for sustainable ag-
riculture should focus on ensuring the equitable
distribution of natural and financial resources,
improving the quality of governance, develop-
ing monitoring and knowledge systems, and
strengthening the scientific and educational
base in the field of climate change adaptation.
Such a comprehensive approach will help re-
duce the risks of socio-economic vulnerability
and enhance the resilience of the agricultural
sector in the long term.

Discussion

The green economy seeks to address is-
sues of agricultural product safety by harmo-
nizing environmental conservation with eco-
nomic growth. Adopting green economy prac-
tices such as climate-resilient agriculture, re-
newable energy integration, and sustainable
land management can help mitigate the ad-
verse impacts of climate change on agricultural
production. However, the success of these ini-
tiatives depends on addressing deep-rooted
socio-historical factors and external influences
that continue to shape agricultural and eco-
nomic systems.

Agriculture
Crop productivity
Soil fertility
Water resource availability
Digitalization of agriculture

Understanding the interconnections be-
tween climate change, green economy initia-
tives and agricultural practices is essential. The
conceptual model presented in figure 1 illus-
trates these relationships and highlights the
need for an integrated approach to ensuring
the safety of agricultural products. This con-
ceptual model aims to demonstrate how cli-
mate change and socio-economic factors af-
fect agricultural production systems, as well as
how green economy strategies can help miti-
gate these impacts.

The model begins with climate change,
which represents the main challenge for agri-
culture. Changes such as increased frequency
of droughts, unstable rainfall and rising temper-
atures directly reduce crop yields, degrade soill
fertility and decrease the availability of water
resources. These impacts also influence labor
resources and the adaptive capacity of agricul-
tural systems. Therefore, it is evident that sup-
porting farmers and implementing adaptation
strategies are crucial for enhancing the safety
and resilience of agricultural production.

Figure presents the need for an integrated
approach to addressing the issue of agricul-
tural product safety, illustrating the intercon-
nections among key factors.

Green economy
Natural potential of ecosystems
Integration of renewable energy

sources
Circular economy initiatives

Food security
in agriculture

Climate change
Floods and wildfires
Global warming
Weather conditions
Rainfall instability

Note: compiled based on the authors’ research

Socio-economic factors
Poverty
Unemployment
Infrastructure
Famine

Figure — Conceptual model illustrating the interrelation between agriculture,
the green economy, climate change, and socio-economic factors

Figure presents the need for an integrated
approach to addressing the issue of agricultu-
ral product safety, illustrating the interconnec-

tions among key factors. The figure explains
how climate change and socio-economic fac--
tors influence agriculture and agricultural sys-
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tems, while also showing how green economy
strategies can help mitigate these impacts.

Conclusion

In conclusion, the study demonstrates that
national progress and prosperity are directly
dependent on environmental sustainability.

1. While green economy initiatives offer
potential opportunities to ensure climate resili-
ence and sustainable food production, their
success depends on addressing socio-eco-
nomic inequalities and adapting to local condi-
tions and needs.

2. It is necessary to implement green
measures such as pollution prevention, affor-
estation, and the development of sustainable
agriculture primarily aimed at domestic food
provision and security, as well as reducing
greenhouse gas emissions.

3. The green economy requires strong in-
stitutions, a robust legal and regulatory frame-
work, and socio-economic mechanisms.

4. Increased atmospheric precipitation sig-
nificantly affects agriculture, necessitating a re-
assessment of its climate resilience. This
change is closely linked to the Sustainable De-
velopment Goals, including poverty eradica-
tion, hunger reduction, climate action, and the
development of sustainable communities.

5. Balanced and adequate rainfall en-
hances agricultural productivity and strength-
ens food security, while excessive or poorly
timed precipitation increases environmental
and economic risks. Therefore, introducing cli-
mate-adapted agro-technologies, managing
water resources efficiently, and improving
farmers’ environmental literacy are key direc-
tions for ensuring a resilient and sustainable
food future.
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