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In the context of rapid global population growth and increasing climate instability, ensuring food security
is becoming a critical challenge at both the global and regional levels. This article provides a comprehensive
analysis of the current global food crisis and examines statistical data on global food production and
distribution. Particular attention is paid to the state and specific features of agricultural development in the
Republic of Kazakhstan, with a focus on the Kostanay region as one of the country’s key grain-producing
areas. Based on long-term climatic observations and grain yield data, a stochastic forecasting model of crop
yield is developed, taking into account the influence of climatic factors. The research findings enable to identify
the main threats and constraints to the sustainable development of agriculture under climate change
conditions, as well as to substantiate directions for adaptation measures aimed at enhancing the economic
sustainability of agricultural production and strengthening regional food security. The practical relevance of the
study lies in the potential application of the obtained results in the development of regional programs for agro-
industrial development and the adaptation of the agricultural sector of the regional economy to climate change.
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OKOHOMUKANBbIK FblNTIbIMOAPbI OKOHOMWUYECKHME HAYKHN

XANbIK CAHbIHbIH ©CYI, A3bIK-TYNIK OAFOAPbICbI XXOHE KNUMATTbIH ©3rEPYI XXAFOAWbIHOA
AYbIN WWAPYAUWDbINbIFbIHAA T¥PAKTbl 3KOHOMUKATDBIK OAMYFA KO XXETKI3Y XKONOAPDI

Hayp3baee b5.T.* — 3KOHOMUKa fbifibiMOapbiHbIH KaHOUOambl, a2poOHOM, wapya KOoXallbifbiHbIH
bacuwnicbl, KocmaHal K., KazakcmaH Pecriybnukacei.

Awnoe ©.M. — aKkoHOMUKa fbinbiMOapbiHbIH O0KMOpbLI, npogheccop;, pekmop; [yMaHumapbik-
mexHukarnblK akademusi; Kekwemay K., KazakcmaH Pecriybnukachbil.

Haypabaesa K.b. — «CapbiapkaAsmollpom» XKLLUC «Annop» 3aybimbiHbIH XaHa xobanapokl icke Kocy
mobbiHbIH XXemekKwici, KocmaHal K., KazakcmaH Pecrniybniukacesi.

Oriem xarkbiHbIH me3 ecyi XoHe KiiuMammabiH mypaKchi30bifbIHbIH apmybIMeH a3bIK-myJik Kayincisoiei
xahaHObIK xoHe aliMmakmbik 0eHeelde MaHbI30b! 605bin Kenedi. byn makanada kKasipai xahaHAbIK a3biK-myriK
OardapbicbiHa KeweHOi manday xacanadbl XoHe asbiK-myrik pecypcmapbiH xahaHObiK 6HOipy mMeH 6eny
myparnbl cmamucmukarnbik depekmep Kapacmbipbinadbl. KaszakcmaH PecriybnukacbiHOarbl, COHbIH iWiHOe
endiH Hezizai acmbik eHOipywi alimakmapbiHbiH 6ipi pemiHde KocmaHali obrbiCblH Koca anfaHOa, aybin
wapyauwblnbifbiHbIH Kasipai xardalibl MeH damybiHa epeKkwe Hasap aydapbinadsl. ¥3ak Mep3imOi Knumammbik
bakbinaynap MmeH acmblK 6HIMOINi2iHiH KepcemkiwmepiHe cyleHe ombipbir, KiuMammbiK hakmoprnapObiH
8CepiH eckepe ombIpbIrl, cmoxacmukanbik eHiMOinikmi 6ormkay modeni xacandbl. 3epmmey Hamuxxernepi
KnumammbiH e32epyi xardalibiH0a mypakmbl aybifl WwapyalblibifbiHbiH O0aMybiHa Hezidei Kayinmep MeH
wekmeynepdi aHbIKmMayfa, COHOali-aK aybll wWapyalbinblfbl ©HOIPICIHIH 3KOHOMUKAarbIK mypaKmblibiFbIH
apmmeblipyFra XoHe alimakmarbl a3blK-myriK KayincizdieiH HbiFalimyra barbimmanraH belimOeny wapanapbi-
HbIH barbimmapbiH Hezizoeyze kemekmeceli. KyMbicmbIH npakmuKarblK MaHbi30blbIFbl a2pPOOHEPKCInmiK
KeweHOi OambimyObiH aliMakmblk 6ardapriamanapbiH a3iprieyde XoHe ayblil WapyalublibiFbl MEH aliMaKmblK
ayblnl wapyawbifiblfbl CEKMOPbIH KuMammbiH e32epyiHe belimoeyde 3epmmey HamuxenepiH natidanaHy
MyMKiHOi2iHOe xambip.

TytiHdi ce30ep: Kocmarat obnbicbl; a3bik-mynik Kayincisdiei; mypakmel 0amy; aybii wapyawbiibifbl;
KnumammbiH €32epyi; aybli wapyawbifibifbl 3KOHOMUKAChI; crmoxacmukarsbiK MoOesib0ey.

POCT HACEJNEHUSA, NPOAOBONIbCTBEHHbIVN KPU3UC U NYTH
YCTONYMBOIrO 3KOHOMUYECKOIO PA3BUTUA CENbCKOIO XO3AUCTBA
B YCNOBUAX KIIMMATUYECKUX U3MEHEHUH

Hayp3baee 5.T.* — kaHOuGam 3koHomMuyeckux Hayk, PhD, y4éHbil acpOHOM, enasa KpecmbsHCKO20
xossiticmea, e. KocmaHad, Pecriybrniuka KasaxcmaH.

Awrnoe A.M. — Ookmop 3KOHOMUYECKUX Hayk, rnpogbeccop, pekmop, 'ymaHumapHo-mexHudeckas
akademusi, e. Kokwemay, Pecriybniuka KasaxcmaH.

Hayp3baesa K.b6. — pykoeodumersb 2pynrbl 3arycka HOB8bIX MPoeKkmos, 3asod «Anmwop», TOO
«CapblapkaAsmollpom», 2. KocmaHau, Pecrniybriuka Kazaxcmar.

B ycrnosusix cmpemumernibHo20 pocma YucrieHHOCMU MUPO8020 HacesneHusl U Hapacmarouwlel Knuma-
mudeckol HecmaburnbHocmu npobriema obecrieyeHUs1 npPodo8osibcmeeHHoU be3ornacHocmu rpuobpemaem
Kpumu4eckoe 3HadeHue Kak Ha enobasibHoM, mak U Ha peauoHaribHOM ypoeHsix. B cmambe nposedéH
KOMIIEKCHbIlU aHanu3 CcospeMeHHo20 ar1obanbHo20 [pod08O/IbCMBEHHO20 Kpu3uca, [PacCMOMpPEHb!
cmamucmuyeckue 0aHHbIe 110 MUPOB8OMY MPouU3800CM8Y U pacrpedesieHuUro npodo8osibCMBEHHbIX PECYPCOS.
Ocoboe sHumaHue yderneHo aHanu3y CoOCMOosIHUS U crieyugbuKku pa3sumusi ceflbCKo20 xo3siticmea Pecrybruku
KasaxcmaH, 8 mom 4ucrie Kocmaxatickol obriacmu, Kak 0OHO20 U3 KITH0HE8bIX 3€pHOMPOU38005ILU4UX PE2LUOHO8
cmpaHbl. Ha ocHoge daHHbIX MHO20M1EMHUX KruMamu4decKkux HabmodeHul u rnokazameneu ypoxalHocmu
3epHOBbLIX Kynbmyp paspabomaHa cmoxacmuyeckasi MoOerb MPO2HO3UPOBaHUST ypoxalHocmu ¢ y4émom
8/USIHUST KIuMamu4eckux ¢bakmopos. Peayrnbmamsl uccriedogaHusi no3eossiiom onpedenums OCHOBHbIe
yepo3bl U O2paHUYeHUs ycmol4yugo20 pa3eumusi CelbCKo20 XO03silicmea 8 YCoeUsiX KIUuMamu4YecKux
uaMeHeHull, a makxxe o6ocHo8amb HarnpaeneHusi adanmauuoHHbIX MEepP, HarnpaeneHHbIX Ha Mo8bIUEHUE 3KO-
Homuyeckol ycmolidueocmu a2papHo20 rnpouzeodcmea U yKperneHue rnpodoeonscmeeHHoU 6esonacHocmu
peeauoHa. lMpakmuyeckasi 3Ha4uMocmb pabomsl 3aK1H04Haemcsi 8 803MOXHOCMU UCMOMb308aHUST MOMTyYeHHbIX
8b180008 rnpu paspabomke peauoHarbHbIX npoepamMM pPa3sumusi azporpoMbILWLIeHHO20 KoMriiekca u adar-
mauyuu cesibCKo2o xo3slicmea, agpapHO20 CeKmopa 3KOHOMUKU peauoHa K KIUMamu4YeCcKuM U3MEHEHUSIM.

Knroyeenlie cnoea: KocmaHalckasi obriacme, npodogosnibcmeeHHass 6e3ornacHocme, ycmoulvyugoe pas-
sumue, cefibCKkoe x035Licmeo, KuMamu4YecKue U3MeHEeHUs, azpapHasi 9KOHOMUKa, cmoxacmu4yeckoe mMooe-
nupoeaHue.

Introduction
The current development of the global economy is characterized by steady population growth and
increasing climate instability, significantly exacerbating the problem of food security. Increasing demand for
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food resources, coupled with limited land and water resources, is creating new challenges for the agricultural
sector, requiring a revision of traditional approaches to the organization and economic development of
agriculture.

Climate change has a multifaceted impact on agricultural production, manifesting itself in changing
temperatures, uneven precipitation, more frequent dry periods, and increased climate risks. These processes
directly impact the economic sustainability of agricultural enterprises, crop yields, production structure, and
agricultural profitability. In the face of increasing climate uncertainty, the importance of economic mechanisms
for agricultural adaptation aimed at ensuring its long-term sustainability is growing. These issues are
particularly pressing for agricultural regions located in high-risk farming zones. These regions include the
Kostanay region of the Republic of Kazakhstan, one of the country's key grain-producing regions, making a
significant contribution to national food security. The region's high dependence on natural and climatic
conditions necessitates an in-depth analysis of the economic impacts of climate change and the development
of adaptive strategies for sustainable development of the agricultural sector at the regional level.

Despite a significant amount of scientific research devoted to food security, sustainable agricultural
development, and climate change, a comprehensive economic assessment of their interrelationships at the
regional level remains underdeveloped. In particular, the impact of climate factors on the economic indicators
of agricultural sustainability requires further study using stochastic methods to quantify these relationships.
This necessitates research aimed at analyzing the economic aspects of the food crisis and substantiating
sustainable economic development pathways for agriculture in the Kostanay region in the face of population
growth and climate change.

Purpose of the Study: The purpose of the study is to economically assess the impact of demographic
and climatic factors on the sustainability of agricultural production in the region and to substantiate sustainable
development strategies.

Study Objectives: The study will analyze agricultural production dynamics, climate indicators, and their
impact on the economic performance of grain production—a key sector of the agricultural sector in the
Kostanay region.

Materials and Methods

One of the central areas of modern literature is assessing the impact of climate change on the
sustainability of agricultural production. The study by Zhang et al. examines how climate change affects the
sustainability of agriculture, taking into account economic, social, and environmental components. The authors
emphasize that climate change negatively affects production and economic indicators, and that digital financial
mechanisms and agricultural infrastructure that can increase the resilience of systems are important for
mitigating these effects [1]. Another important study is devoted to the Climate-Smart Agriculture strategy, which
is considered a key approach for increasing the productivity and resilience of the agro-industrial complex in
the face of climate risks. This review analyzes adaptation methods aimed at increasing resilience and reducing
the impact of climate change on crop yields and greenhouse gas emissions [2]. Regional case studies also
demonstrate the link between climate stresses and agricultural outcomes. For example, a study of the impact
of climate change on agriculture in the Mekong Delta found that increasing temperature and hydrological risks
lead to significant economic losses and require local adaptation strategies [3]. The relationship between
climate change and food security is actively discussed in MDPI publications. Considering food security indices
in the context of climate risks allows us to identify priority areas for mitigating negative impacts.

The research methodology is based on the principles of sustainable development economics, regional
economics, and agricultural economics. The study examines the sustainability of agricultural production as the
ability of the regional agricultural sector to achieve stable economic results in the face of external demographic
and climatic influences.

To achieve this goal, a combination of complementary methods was used in this study:

- methods of economic and statistical analysis to assess the dynamics and structure of agricultural
production in the Kostanay region;

- comparative and structural analysis to identify regional characteristics and disparities;

- correlation analysis to determine the nature and strength of the relationship between climatic factors
and economic indicators of agricultural production;

- stochastic modeling to quantitatively assess the impact of climatic and production factors on the
sustainability of agricultural production.

The study's information base consists of official statistical data for the Kostanay region, government
agency materials, and long-term climate indicator series (air temperature, precipitation) compiled from
agrometeorological observations.

From an economic perspective, the sustainability of agricultural production in the region is determined
by a set of indicators reflecting:

- the level and stability of crop yields;

- economic results of production (gross output, profitability, production costs);

- the degree of production sensitivity to climatic factors.
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This study interprets the sustainability of agricultural production in the Kostanay region as a function of
climatic and production-economic factors influencing the performance of grain farming, the region's core
industry.

To quantitatively assess the impact of climatic factors on the sustainability of agricultural production, a
stochastic regression model is used, in which the dependent variable is grain crop yield. These indicators are
presented in detail in the authors' research [4].

The general form of the model can be represented as follows:

Yo =a+ BiP + BT + B3V + & 1)

Where:

Y; — grain crop yield in year t, c/ha;

P, — amount of precipitation during the growing season, mm;

T, - sum of active temperatures during the growing season, °C;

V; —an indicator of interannual climate variability (for example, the coefficient of variation of precipitation
or temperature);

a — free member;

B1, B2, B3 — elasticity coefficients reflecting the degree of influence of the relevant factors;

&, —random error of the model.

The choice of these factors is driven by the specific agricultural production conditions in the Kostanay
region, located in a high-risk farming zone, where water and heat availability are key limiting factors for crop
yields.

It should be noted that the proposed model focuses on analyzing medium-term trends and does not fully
account for the impact of institutional, technological, and market factors, necessitating further expansion of the
model's toolkit in subsequent studies.

Results and Discussion

Despite the quantitative growth of global food production, hunger and food insecurity remain persistent
and systemic. According to the latest joint report by the Food and Agriculture Organization of the United
Nations, the World Food Program (WFP), and the International Fund for Agricultural Development (IFAD), The
State of Food Security and Nutrition in the World (SOFI) 2024, the level of chronic malnutrition in the world
remains stubbornly high [5].

"Hunger in the 21st century is not the result of a lack of food. It is the result of a lack of equality and
justice," Jean Ziegler, UN Rapporteur on the Right to Food [6].

The demographic changes of the late 20th and early 21st centuries have placed unprecedented
pressure on the global food system. According to the United Nations (UN DESA, 2022), the world population
exceeded 8 billion in 2023 and is projected to reach 9.7 billion by 2050 [7].

This population growth is accompanied by increased demand for food resources, while natural and
agricultural resources are limited. At the same time, the impact of climate change is intensifying, leading to
land degradation, reduced crop yields, and instability in food chains. According to FAO (2024), in 2023,
approximately 733 million people were chronically undernourished, and 2.33 billion faced moderate or severe
food insecurity (Tables 1 and 2) [6].

Table 1 — Number of undernourished people worldwide, 2014-2023

Year Estimated number Reasons and comments

of undernourished

people, millions

2014 635,0 The period before the post-pandemic surge
2015 650,0 Stable trend before crises
2016 650,0-660,0 The beginning of the influence of climatic and economic factors
2017 650,0 Relative acclimatization to pre-2019 levels
2018 645,0 A slight decline, a statistical trend
2019 690,0 Before the pandemic, the increase was > 690 million people
2020 720,0 The impact of the COVID-19 pandemic, a sharp increase
2021 730,0 The previously high level is maintained
2022 735,0 Slight growth, remains above pre-pandemic levels
2023 733,0 SOFI 2024 report: Chronic malnutrition remains high (FAO)

Note: Data are based on the annual State of Food Security and Nutrition in the World (SOFI) reports—
a flagship joint report by FAO, IFAD, UNICEF, WFP, and WHO. Specific absolute values for each year are
published in these reports; the data below are compiled from available estimates from SOFI 2023-2024 and
FAO's retrospective reviews. FAOHome+2openknowledge.fao.org+2
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Growth has accelerated particularly since 2019, driven by the COVID-19 pandemic, geopolitical
conflicts, and heightened climate risks. This trend confirms the structural nature of the global food crisis.

Table 2 — Distribution of the number of undernourished people by region for the period 2014-2023

Region Share of the total number of undernourished people, %
Sub-Saharan Africa 53,0
South Asia 23,0
Middle East 10,0
North Africa 10,0
Rest of the World 4,0

Of particular concern are countries experiencing protracted conflicts and climate disasters: Sudan,
Yemen, Afghanistan, and the Gaza Strip.

At the same time, an analysis of statistical data indicates that global agriculture, in quantitative terms, is
demonstrating steady growth in the production of key food products. In 2023, global production volumes were
(Table 3):

Table 3 — World Food Production, 2023 [8]

Product Production, million tons
Cereal crops 2800
Fruits and vegetables 2100
Sugar crops 2050
Meat 340
Dairy products 928

The largest food producers by value are China, India, the United States, and Brazil, reflecting the high
concentration of agricultural production in individual countries. China, the United States, India, and Brazil have
traditionally been among the world's largest grain producers (Table 4); in 2023, these countries led the ranking
of grain producers by volume (for example: China 641.7 million tons, the United States 462.6 million tons, India
374.6 million tons, Brazil 155.9 million tons) [9].

Table 4 — Grain Production, million tons [10, 11]

Year China USA India Brazil Kazakhstan
2013 600 350 300 120 12
2014 615 365 310 125 10
2015 620 380 320 135 11
2016 630 390 330 140 11,5
2017 640 400 340 145 12
2018 630 410 350 150 12,5
2019 650 420 355 152 13
2020 660 430 360 155 13,8
2021 670 440 365 158 14,2
2022 680 450 370 160 14,8
2023 642 463 375 156 15,3

The world's leading countries have significantly increased grain production over the past 10 years.
However, this quantitative increase in production has not been accompanied by a corresponding reduction in
hunger, highlighting the key role of economic, institutional, and logistical factors.

Kazakhstan, with the sixth-largest territory in the world (2.7 million km?2), is a strategic supplier in the
grain food market. The republic is among the top 10 largest wheat exporters, ensuring stable food flows in
Central Asia, the Middle East, and North Africa.

According to the Ministry of Agriculture of the Republic of Kazakhstan (2024), the gross grain harvest
amounted to approximately 26.8 million tons, of which approximately 13.4 million tons were exported.

Kazakhstan's climate is characterized by a sharply continental type, which leads to significant
differentiation in natural and climatic zones and agricultural specialization (Table 5):
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Table 5 — Natural and climatic zones of Kazakhstan and agricultural specialization

Natural climatic zone

Characteristic

Agricultural specialization

Southern Kazakhstan

Semi-deserts and deserts

Growing fruit and vegetable crops, cotton

growing

Central Kazakhstan

Arid steppes

Animal husbandry

Western Kazakhstan

Desert areas

Organic farming
Production and cultivation of grain and
leguminous crops, forage production

Northern Kazakhstan Steppes, chernozems,

moderate moisture

The Kostanay region is one of the key agricultural regions specializing in grain production in the Republic
of Kazakhstan. In 2023, the region produced 4.5 million tons of gross grain; 750,000 tons of flour; and 420,000
tons of flour in flour exports.

The Kostanay region accounts for approximately 35% of national flour production, underscoring its
strategic importance in ensuring the country's food security. The arable land area is approximately 5.2 million
hectares, with wheat, barley, and rapeseed being the main crops. The export-oriented nature of agricultural
production increases the region's dependence on external markets and climatic factors.

The Kostanay region is considered a high-risk agricultural zone due to its high climatic variability. The
main climatic risks include droughts, sharp temperature fluctuations, and unstable precipitation. The average
annual precipitation is 280—350 mm, the sum of active temperatures during the growing season is 2400-2800
°C (Figure 1).
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Figure 1 — Effect of the sum of active temperatures on grain crop yields, according to Kostanay region data

Analysis of long-term data for 1988—-2023 allows us to identify the following types of years based on
moisture conditions, based on research conducted by T.A. Akhmetkali and G.S. Ismuratova [4] (Table 6):

Table 6 — Climate risks for agricultural production in Kostanay region

Weather conditions Number of years Share in %
Dry 12 34
Moderate 15 43
Wet 8 23

Despite the growth in overall production, food security issues remain pressing, as access to food
depends not only on production volumes but also on economic, institutional, and climatic factors. This structure
of climatic conditions creates a high level of production risks and requires the use of stochastic methods for
assessing the sustainability of agricultural production.

To forecast crop yields, we developed a stochastic regression model in which the dependent variable is
the grain yield indicator (formula 1), taking into account five climatic factors: sum of active temperatures +0.65;
precipitation (May-July) +0.81; average temperature -0.52; soil moisture +0.76; Average wind speed -0.48
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Additional model parameters:

R2 = 0.34 R"2 = 0.34 R2 = 0.34, adjusted R2 = 0.278 R"2 = 0.278 R2 = 0.278 — the model explains
~34% of the yield variation (using the synthetic example).

F-statistic: the model is significant overall (Prob(F) = 0.0024).

Durbin-Watson = 2.56 — no signs of significant autocorrelation of the residuals were detected.

VIF: predictor values = 1.0 (const — large VIF value, as expected), indicating the absence of multicolli-
nearity issues between precip, mm, temp, sum, and variability (Table 7).

Table 7 — Key numerical results

Parameter Coefficient Robust SE z p-value 95% CL

Const 8.5351 6.1384 1.390 0.1644 -3.4961; 20.5664
Precip, mm 0.0214 0.0057 3.758 0.0002 0.0102; 0.0325
Temp, sum 0.0033 0.0020 1.682 0.0926 -0.0006; 0.0072
Variability -3.8157 6.4203 -0.594 0.5523 -16.3995; 8.7680

Interpretation of Coefficients (Economic Interpretation)

Precipitation (precip, mm) — a strong positive effect (statistically significant):

A coefficient of 0.0214 means that, all other things being equal, each additional 1 mm of precipitation
during the growing season is associated with a yield increase of =0.0214 c/ha (i.e., ~2.14 kg/ha). In practice,
an additional 100 mm of precipitation yields ~2.14 c/ha (214 kg/ha) in yield increase in the model. This
emphasizes the critical role of water availability in the risky farming zone of the Kostanay region.

The sum of active temperatures (temp, sum) — a positive, but statistically marginal effect:

Coefficient =0.0033 (p=0.093). This indicates a moderate positive effect of increasing temperature sum
on crop yield. However, the effect is unstable (borderline significance in the synthetic data), consistent with the
hypothesis of nonlinearity: growth is beneficial at optimal temperatures, but detrimental at excessive tempe-
ratures (heat stress and increased evaporation).

The variability index is negative but statistically insignificant in this model:

The negative sign (-3.82) is consistent with expectations (increasing interannual variability reduces crop
yield), but the wide confidence interval and high p-value indicate that the effect is not reliably confirmed in the
synthetic dataset. This indicator may prove significant in real data, especially with a more precise specification
(e.g., using lags, interactions, or nonlinearities). Explanatory power and limitations:

R2 = 0.34R"2 = 0.34R2 = 0.34 means that climate variables explain a significant, but not complete,
share of yield variations—a significant portion of variation remains due to technological, institutional, soil, market
factors, and randomness.

Model diagnostics

VIF for predictors = 1.0—no multicollinearity issues between climate regressors.

Durbin-Watson = 2.56—autocorrelation of the residuals is unlikely.

The residuals are distributed close to normally (Jarque-Bera is insignificant), but the condition number
may indicate sensitivity to scaling—standardization and stability of the estimates should be verified in real data.
Practical Significance of the Results

Quantitative confirmation of the high sensitivity of crop yield to precipitation strengthens the case for
implementing measures to increase water availability (water storage, precision irrigation, and water retention
agronomic practices) and supporting investment in irrigation infrastructure in areas with the highest risk
potential.

The temperature threshold effect highlights the need to consider threshold/nonlinear effects (e.g.,
guadratic terms or threshold regressions) when formulating recommendations for varieties and sowing dates.

Model Application Algorithm:

- Collection of meteorological data (NASA, local stations).

- Data entry into Excel/software module.

- Calculation of crop yield forecasts.

- Generating agronomic recommendations: in dry years: inverting the soil, sowing drought-resistant
varieties; in wet years: using lodging-resistant varieties.

Findings and Conclusions

The study allows us to draw the following conclusions:

- The problem of food security is becoming increasingly pressing;

- Kazakhstan plays an important role in ensuring regional food stability;

- Kostanay Oblast is a strategic center for grain production;

The developed stochastic model allows for reliable yield forecasting and the adaptation of agricultural
measures.

This study aimed to comprehensively analyze the relationship between population growth, the global
food crisis, and sustainable agricultural economic development in the context of climate change, using the
Kostanay Oblast of the Republic of Kazakhstan as an example.
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The study found that, despite the steady growth of global food production, hunger and food insecurity
remain systemic. Over the past ten years, the number of people experiencing chronic malnutrition has not only
not decreased, but has demonstrated a steady increase since 2019. This indicates that the key factors driving
the food crisis include not only production constraints but also economic, institutional, and climatic imbalances
in the global food system. An analysis of global food production has shown that leading producing countries
(China, India, the United States, and Brazil), as well as Kazakhstan, have increased grain production over the
past ten years. However, this increase in production has not been accompanied by a comparable reduction in
hunger, confirming the dominant role of economic access to food and the sustainability of agricultural
production over a simple increase in physical output.

Kazakhstan, and in particular the Kostanay region, plays a key role in ensuring regional food security
due to its grain specialization and export-oriented agricultural production. However, the study revealed that the
region's agriculture operates in a high-risk farming zone and is highly sensitive to climatic factors, primarily
precipitation levels and interannual climate variability. Stochastic modeling results confirmed a statistically
significant relationship between climatic parameters and grain yields. It has been established that water
availability is a key factor in the sustainability of agricultural production, while increasing climate instability
increases economic risks, reduces the predictability of business results, and negatively impacts production
profitability.

Taken together, the obtained results allow us to conclude that sustainable economic development of
agriculture in the face of climate change is impossible without integrating climate factors into regional economic
planning and agricultural policy. For the Kostanay region, measures aimed at reducing climate risks, increasing
the resilience of grain production, and adapting the agricultural sector to long-term changes in environmental
conditions are a priority. The practical relevance of the study lies in the potential use of the findings in deve-
loping regional programs for sustainable agricultural development, establishing government support mecha-
nisms, and substantiating investment and technological decisions aimed at strengthening food security and
the economic sustainability of agricultural production in the Kostanay region.
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