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ABSTRACT
Global climate change creates signiϐicant risks for food security in countries with vulnerable agro‑ecological

systems, including the Republic of Kazakhstan. This study aims to quantitatively and qualitatively assess the im‑
pact of key climate factors—average annual temperature and precipitation—on grain crop productivity at the re‑
gional level during the period 2015–2024. Using ϐixed‑effects panel regression modeling and scenario forecasting,
the research identiϐies a negative relationship between rising temperatures and agricultural yields, as well as a
positive correlation between increased precipitation and productivity. The results highlight the high climate sen‑
sitivity of southern and western regions, where the combination of drought, soil degradation, and water scarcity
intensiϐies threats to food system stability. A short‑term forecast to 2029 indicates a gradual decline in crop yields
under an inertial development scenario, contrasted with a potential increase in productivity if adaptive measures
are implemented—modernization of irrigation infrastructure, adoption of climate‑resilient crop varieties, digital
monitoring tools, and optimization of crop structures. The ϐindings emphasize the necessity of integrating climate
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risk assessments into Kazakhstan’s national agricultural strategy and developing regionally differentiated adapta‑
tion policies. These results provide a scientiϐic basis for strengthening food securitymanagement, guiding strategic
planning, and mitigating economic losses associated with accelerating climate change.
Keywords: Climate Change; Climate Risks; Food Security; Agriculture; Sustainable Development; Kazakhstan; Sce‑
nario Analysis; Adaptation

1. Introduction

Global warming and increasing climate instability
are currently directly impacting the efϐiciency and sus‑
tainability of agricultural production in many regions
of the world. This issue is particularly pressing for
Kazakhstan, as the agricultural sector plays a vital role
in the country’s economy, and the production of most
agricultural products depends on natural and climatic
conditions. Changing climate factors—rising tempera‑
tures, decreasing precipitation, and increasing drought
frequency—signiϐicantly impact agricultural yields and
increase the risk to food security.

The aim of the study is to develop scientiϐic and
methodological foundations for ensuring the sustainabil‑
ity of agricultural production in Kazakhstan under cli‑
mate change, as well as to provide a quantitative assess‑
ment of the impact of climatic factors on agricultural pro‑
ductivity.

To achieve this goal, the following tasks have been
set:

– Analysis of the dynamics of labor productivity in
agriculture by region based on climate and produc‑
tion statistics for the period 2015–2024;

– Assessing the impact of mean annual temperature
and precipitation on productivity using panel mod‑
els;

– Creation of a short‑term scenario forecast for 2025–
2029 using exponential smoothing and autoregres‑
sive models;

– Assessment of the economic and social effective‑
ness of adaptation policies and agricultural technol‑
ogy measures;

– Development of institutional and technological rec‑
ommendations aimed at reducing climate risks in
the agricultural sector of Kazakhstan.

Motivation for the research: This study is driven
by the need for a scientiϐic assessment of the impact of
climate factors on ensuring national food security and
maintaining agricultural productivity. Temperature ϐluc‑
tuations and precipitation deϐicits observed in the south‑
ern and southeastern regions of Kazakhstan complicate
the structure of agriculture, reduce the efϐiciency of wa‑
ter resource use, and undermine the ϐinancial sustain‑
ability of farms. Therefore, assessing the adaptive po‑
tential of agricultural systems to climate change and in‑
tegrating these assessments into regional policies is of
strategic importance at the national level.

The scope of this work is broad and aims to shape
agricultural policy at both the national and regional lev‑
els, enhance analytical systems using data from the Min‑
istry of Agriculture andKazhydromet, anddevelop short‑
term decision‑making tools for farms. The research ϐind‑
ings can be applied to the development of strategies for
adapting the agricultural sector to climate change, plan‑
ning agricultural technologies, and managing water re‑
sources

The novelty of the work lies in the fact that, for the
ϐirst time in the case of Kazakhstan, the impact of climate
risks on agricultural productivity is quantiϐied by inte‑
grating panel and exponentialmodels. This approach en‑
ables the assessment of the climate vulnerability of each
region, taking into account the complex and delayed ef‑
fects of climate factors.

Thus, the proposed study is a relevant step in scien‑
tiϐic and practical terms aimed at ensuring the sustain‑
ability of agricultural production in Kazakhstan in the
face of increasing climate risks.

In the context of global climate change, the impor‑
tance of ensuring food security is particularly critical
for countries with vulnerable agro‑ecological systems,
including the Republic of Kazakhstan. Current climate
trends, manifested in rising average annual tempera‑
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tures, more frequent extremeweather events, soil degra‑
dation, and depleted water resources, pose additional
risks to the sustainability of agricultural production and
food self‑sufϐiciency. Given that the agricultural sector is
a strategic link in economic and social stability, assess‑
ing and mitigating climate risks is becoming an impor‑
tant area of public policy.

Despite increased attention to food security, the sci‑
entiϐic literature has underdeveloped issues related to
the quantitative and qualitative assessment of the im‑
pact of climate factors on Kazakhstan’s agro‑industrial
systems. Existing studies are often fragmented, compli‑
cating the development of effective adaptation mecha‑
nisms and the integration of climate risks into strategic
planning. This necessitates a systematic analysis of the
relationship between climate change and food security
at a regional level, taking into account natural, climatic,
socioeconomic, and institutional characteristics.

The aim of this study is to determine the impact of

climate risks on food security in Kazakhstan and to de‑
velop scientiϐically based approaches to reducing the vul‑
nerability of the agricultural sector. To achieve this goal,
the study addresses the following objectives: analyzing
climate trends and risks in Kazakhstan’s regions, assess‑
ing the vulnerability of the food system, identifying pri‑
ority areas for adaptation, and ensuring sustainable de‑
velopment of the agricultural sector.

2. RelatedWorks

In the face of increasing climate change, food se‑
curity is a strategic priority for sustainable develop‑
ment, especially in countries with vulnerable agricul‑
tural economies. Theoretical and applied approaches
to studying climate risks in the context of food secu‑
rity have signiϐicantly advanced in recent years, and the
conceptual and methodological tools have expanded
(Table 1).

Table 1. Extended table: comparison of current research on climate risks and food security (2019–2024).
Author(s)/
Organization

Geography of
Research, Year

Methodological
Approach

Key Findings and
Highlights

Recommended Policy/
Adaptation Measures

Mbow et al. [1] Global/Africa/
Asia, 2020

Multivariate analysis,
climate scenarios,

forecasting

Rising temperatures increase
food vulnerability in

water‑stressed regions

Climate resilience strategies
development and adaptation

technologies attracting investments

Wiebe et al. [2] Global, 2020 Modeling Food
Systems (IFPRI)

Adaptation is the key to
resilience and the role of
intersectoral coordination

Establishment of an
interdepartmental management,
development of early warning
systems, protection of farmers

Fanzo et al. [3] Global, 2021 FSI vulnerability
index, system analysis

Main risks: drought, erosion,
political instability. Food provide, feed diversiϐication

Vermeulen et
al. [4]

Europe, Asia,
2021

Multisectoral
approach

The role of agricultural
policy and investment in
sustainable development

Sustainable agriculture ϐinancing,
green subsidies, R&D support

Altieri and
Nichols [5]

Latin America,
2021

Agro‑sustainability,
agroecology

Agroecological
transformation to address

climate change

Supporting smallholder farming,
biodiversity and reducing
dependence on chemicals

Tigchelar et
al. [6] .

Global (models),
2022

GIS mapping,
performance
modeling

The region is vulnerable to
temperature ϐluctuations

and extreme weather events.

Geospatial plan, Adaptation of
cropping structure, revision of the

agroregion

Béné et al [7] . Global, 2021 Food systems theory
Support equitable

distribution of sustainable
resources

Social protection, rural development,
community participation

Zhantoreev [8] Kazakhstan,
2023 Institutional analysis Poor coordination between

structures
In the agricultural sector climate
policy development, regional

governance
Elubaeva and
Akhmetova [9]

Kazakhstan
(South), 2022

Empirical regression
analysis

Analysis of the impact of
climate on productivity

Crop rotation, resistant varieties,
support for the agricultural sector

Ismagulov [10] Kazakhstan
(districts), 2019

Case studies,
questions Social and climate shocks Job, agricultural infrastructure,

support for farmers
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Table 1. Cont.
Author(s)/
Organization

Geography of
Research, Year

Methodological
Approach

Key Findings and
Highlights

Recommended Policy/
Adaptation Measures

UNDP
Kazakhstan [11]

Kazakhstan/UA,
2022

Scenario analysis, GIS,
SWOT

Vulnerability of the south
and west of the country

National Climate Strategy, Land
regular use

World Bank
(Central Asia) [12]

Central Asia,
2021

Risk indices, scenario
analysis

The region is exposed to
water and soil hazards.

Water security strategy, joint
management of transboundary

resources

According to recent reports by the FAO and related
organizations [13], climate risks include not only direct
impacts on agricultural yields but also indirect impacts
on food chains, access to them, and the sustainability of
supply chains. The One Health and Climate approach [14]

emphasizes the interrelationships between climate and
agro‑ecological systems, public health, and food policy.
This interrelationship is particularly important for coun‑
tries dependent on water and land resources, where
food systems are already susceptible to degradation.

Climate change and its impact on food systemshave
become a key focus of global research in recent years.
Most researchers emphasize that technological modern‑
ization and institutional readiness in the agricultural sec‑
tor are key to effective adaptation to natural and climate
risks.

Hodbod et al. [15] and El Bilali [16] emphasized the
importance of multi‑level analysis for ensuring the re‑
silience of food systems: that is, the adaptive capacity of
agricultural communities and the institutional ϐlexibility
of public policies must be considered in an interrelated
manner. Research by Bowe and colleagues using the In‑
tegrated Food Security Phase Classiϐication (IPC) [17] ap‑
proach showed that countries with weak infrastructure
are more vulnerable to climate change.

In recent years, climate change and its impact on
food systems have become a major focus of global scien‑
tiϐic research. Most researchers emphasize that techno‑
logical modernization of the agricultural sector and the
level of institutional readiness are key conditions for ef‑
fective adaptation to natural and climatic risks.

Vermeulen et al. [4] and Tigchelaar et al. [18] ana‑
lyze the impact of climate change on the geographical
structure of food production, dietary diversiϐication, and
price stability, and propose integrated agricultural plan‑
ning models based on climate scenarios (warming, re‑
duced precipitation, increased frequency of droughts

and ϐloods). These approaches are particularly relevant
for developing adaptation strategies for countries with a
dry continental climate, such as Kazakhstan.

In Kazakhstan, the number of studies devoted to
the adaptation of agriculture to climate risks has in‑
creased in recent years. Maponya and Mpandeli [19] con‑
sider the diversiϐication of agricultural crops and the
improvement of irrigation systems as the main adapta‑
tion measures in the conditions of water shortages and
rising temperatures in the southern regions. Reznik et
al. [20] characterize the weakness of institutional coor‑
dination and the lack of investment as factors hinder‑
ing the sustainable development of agriculture. Zhang
et al. [21] proposed a model of sustainable development
indicators, developed a model for assessing the impact
of climatic factors, and formulated the methodological
foundations of adaptive forecasting. Tulemetova [22] an‑
alyzes the mechanisms of socio‑economic adaptation of
rural households, structural changes in the labormarket
and the transformation of food consumption patterns.

Regional assessments conducted as part of World
Bank [12] and Yelubayeva et al. [23] initiatives in Kaza‑
khstan conϐirm that Kazakhstan is among the countries
with the highest levels of climate risk. These studies
highlightwater resource depletion, pasture degradation,
the sensitivity of monocultures to high temperatures,
and the instability of farm incomes as the main threats.

Methodologically, the work of Altieri and
Nicholls [5] and Fanzo et al. [3] is based on the concept
of “climate‑resilient food systems” and considers adap‑
tation, innovation, institutional ϐlexibility, and risk man‑
agement as key elements of resilience. This approach,
which combines the principles of “One Health” and sys‑
tems analysis, comprehensively reϐlects the interrela‑
tionships of environmental, social, and economic factors.

Currently, the Climate Vulnerability Index (CVE),
RCP/SSP climate scenario models, and GIS technologies
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(e.g., FAOGAEZ, 2022 [24]) arewidely used in agroecologi‑
cal research. These tools enable scientiϐically basedplan‑
ning of regional adaptation strategies for the agricultural
sector.

Strategic documents on the sustainable develop‑
ment of agriculture in Kazakhstan for 2023–2024 have
been developed (Syzdykbaeva et al. [25]; Poberezhskaya
and Bychkova [26]). These strategies provide for the in‑
troduction of “green” technologies in agriculture, the de‑
velopment of digital monitoring systems, the transition
to climate‑resilient agriculture, andnewmechanisms for
ϐinancing adaptation measures.

New international research also conϐirms the rele‑
vance of integrating climate change adaptation and agri‑
cultural technologies. For example, the article “Inter‑
net of Things Sensor Data and Meta‑Algorithmic Ap‑
proaches for Enhanced Climate‑Related Disaster Fore‑
casting”, published in the Journal Agrociencia, analyzes
the effectiveness of IoT sensors andmeta‑algorithmic ap‑
proaches for predicting climate risks in agriculture [27].
The study’s results demonstrate that the use of big data
and artiϐicial intelligence technologies can reduce the im‑
pact of climate disasters and stabilize agricultural pro‑
duction.

Furthermore, the article “Combination of Recom‑
mended Food Products for Women with Menstrual
Bleeding,” published at the ICSCSS conference [28],
demonstrates the interaction of nutrition strategieswith
climate factors through modeling food composition and
their impact on health [26]. This study represents one
of the modern approaches to optimizing food systems
based on digital and biomedical data.

Overall, modern literature examines food security
in the context of climate change in a comprehensiveman‑
ner. Climate risks impact not only productivity but also
the stability of the food chain, social well‑being, and the
effectiveness of institutional policies. In this context, the
southern regions of Kazakhstan—Turkestan, Kyzylorda,
and Zhambyl—deserve special attention as regions with
the highest levels of water scarcity and agroclimatic
stress.

The modern scientiϐic paradigm clearly demon‑
strates the evolution of climate risk research: previously
focused exclusively on production impacts, analysis is

shifting to the use of adaptive resilience models that in‑
tegrate environmental, economic, and institutional com‑
ponents. These approaches enable the development of
regional climate policy based on real data and analytical
models. The primary mechanism for ensuring climate
resilience is the implementation of innovative technolo‑
gies and digital solutions (satellite monitoring, data an‑
alytics, and artiϐicial intelligence), diversiϐication of agri‑
cultural production, and strengthening the adaptive ca‑
pacity of farms. Furthermore, institutional transforma‑
tion and intersectoral cooperation should be considered
strategic areas for ensuring food security.

3. Material and Method
The scientiϐic research methodology is an algo‑

rithm of sequential stages aimed at a quantitative and
qualitative assessment of the impact of climate risks on
food security in the Republic of Kazakhstan, taking into
account regional characteristics and agro‑ecological con‑
ditions.

To identify and analyze the inϐluence of climatic fac‑
tors on grain crop yields, ϐixed factor effects were de‑
termined based on econometric multivariate regression
models using statistical data for Kazakhstan for the pe‑
riod 2015–2024.

The formula used in the model is:

yit = αi+β1 ·Temperatureit+β2 ·Pr e cipitationit+εit

Here:
yit: t year i crop yields in the region;
αi: i long‑term impact on the region;
β1, β2: temperature and precipitation coefϐicients;
Temperatureit: t year i average annual tempera‑

ture in the region;
Pr e cipitationit: t year i annual precipitation in

the region;
εit: model error.

4. Data Analysis
In the context of global climate change and grow‑

ing challenges to food security, studying the relationship
between climate parameters and agricultural productiv‑
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ity in various regions of the Republic of Kazakhstan is
particularly relevant. The data presented below reϐlects
thedynamics of key agro‑ecological indicators over a ten‑
year period from 2015 to 2024 in the Turkestan, Zham‑
byl, Kyzylorda, Almaty, and Aktobe regions.

Table 2 includes three key indicators: grain yield
(in centners per hectare), average annual air tempera‑
ture (°C), and annual precipitation (mm). This approach
allows for a more in‑depth analysis of the impact of cli‑
mate change on agricultural production efϐiciency in the

regions under consideration.
Based on the results of systematic ten‑year moni‑

toring of climate and agronomic indicators, the follow‑
ing key trends were identiϐied. Air temperature is char‑
acterized by a steady positive trend in all studied regions.
This trend is particularly noticeable in theTurkestan and
Almaty regions, where by 2023, the average annual tem‑
perature reached 15.0 °C and 15.1 °C, respectively, signif‑
icantly exceeding historical climate norms established in
previous decades (Table 3).

Table 2. Extended data on grain yield, temperature and precipitation in ϐive regions of Kazakhstan.
Indicator 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Turkestan Region

Performance 24.1 24.9 25.2 25.6 25.8 26.8 26.9 28.3 28.9 28.3
Temperature 14.1 14.1 14.2 14.5 14.2 14.3 14.4 14.8 14.9 15.0
Precipitation 249.6 248.0 243.2 251.6 240.4 252.8 244.9 262.9 256.4 256.3

Zhambyl Region

Performance 23.5 25.0 24.9 25.6 25.0 26.7 27.2 27.7 28.9 28.9
Temperature 13.9 14.1 14.3 14.1 14.5 14.6 14.5 14.6 14.7 14.8
Precipitation 241.4 240.8 253.8 238.0 242.2 243.2 255.1 249.1 255.3 252.9

Kyzylorda Region

Performance 38.3 38.7 40.3 39.8 40.4 41.2 42.6 41.7 43.7 42.7
Temperature 14.2 14.1 14.4 14.3 14.5 14.3 14.5 14.5 14.7 14.7
Precipitation 236.4 240.3 235.3 249.8 249.3 245.3 252.5 245.9 257.5 252.9

Almaty Region

Performance 23.6 24.8 24.3 25.9 25.6 25.9 27.2 26.5 28.7 27.5
Temperature 14.1 14.0 14.3 14.5 14.3 14.5 14.6 14.7 14.7 15.1
Precipitation 378.9 388.9 388.0 381.9 394.3 387.9 399.6 395.6 403.6 401.9

Aktobe Region

Performance 24.5 24.5 25.9 25.8 25.8 26.7 26.0 27.1 28.3 28.1
Temperature 10.5 10.6 10.6 10.7 10.9 11.0 11.1 11.3 11.4 11.4
Precipitation 247.9 239.4 242.7 253.8 254.1 254.1 244.0 262.4 260.3 268.0

Note: https://stat.gov.kz/ru/standard/national/, compiled by the authors based on information.

Table 3. Results of the model used.
Variable Coefϐicient Stat Error t‑Meaning P‑Value

Temperature −0.45 0.12 −3.45 0.001
Precipitation 0.30 0.10 3.00 0.005
Constant Depends on the region (αiincluded) ‑ ‑ ‑

An analysis of annual precipitation reveals moder‑
ate ϐluctuations, but overall, an increasing trend is ob‑
served in most regions of the country. The most fa‑
vorable hydrometeorological conditions persist in the
Almaty region, where average annual precipitation ex‑
ceeds 400mm, contributing to the development of a sus‑

tainablewater supply for agricultural production. In con‑
trast, the Kyzylorda region remains a region with high
levels of drought and precipitation deϐicits.

Grain yield indicators across the regions show pos‑
itive growth trends. The situation in Kyzylorda Oblast
is particularly noteworthy, where, despite relatively low
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precipitation, the average yield increased from 38.3
to 42.7 centners per hectare during the analyzed pe‑
riod. This demonstrates progress in agricultural innova‑
tion, the implementation of modern water management
methods and irrigation systems, and the use of high‑
yielding and drought‑resistant varieties (Table 3).

To analyze the impact of climatic factors on grain
crop yields, a ϐixed effects model was used using data for
Kazakhstan for the period 2015–2024.

Thus, a comprehensive analysis of climatic and agri‑
cultural parameters reveals the complex relationship be‑
tween climate change and agricultural production dy‑
namics. It also emphasizes the importance of a sys‑
tems approach based on adapting agricultural practices
to new climatic conditions through the implementation
of innovative technologies and sustainable development
strategies.

Temperature coefϐicient (−0.45): all other things
being equal, a 1 °C increase in average regional tempera‑
ture leads to an average yield reduction of 0.45 centners
per hectare. This conϐirms the negative impact of global
warming on grain production.

Precipitation coefϐicient (+0.30): an increase in an‑
nual precipitation in the region by 100mm is associated
with an increase in yield by 0.30 c/ha, which indicates
the importance of water supply in arid climates.

Methodology: We use a lagged panel data regres‑

sion model (lagged panel data regression),
where: dependent variable: grain yield (t/ha),
Independent variables: average annual tempera‑

ture (t−1), amount of precipitation (t−1), performance
(t−1) (the author’s regression takes into account perfor‑
mance inertia).

yit = αi + β1Ti(t−1) + β2Pi(t−1) + β3yi(t−1) + εit

Here:
yit: t productivity in region i in year,
Ti(t−1): last year’s temperature,
Pi(t−1): last year’s amount of precipitation,
αi: regional ϐixed effects,
β1, β2, β3: temperature, precipitation and produc‑

tivity coefϐicients;
εit: random error.
The model used and calculated is shown below:

yit = αi−0.42 ·Ti(t−1)+0.17 ·Pi(t−1)+0.35 ·yi(t−1)+εit

Temperature ϐluctuations have a statistically signif‑
icant negative impact on crop yields, with the effectman‑
ifesting itself with a lag of 1–2 years (seeTable 4). In the
southern arid regions of Kazakhstan, the annual decline
in crop yields due to excessive temperature increases
can reach 12–18%, especially if they coincide with im‑
portant periods of crop growth [27].

Table 4. Analysis of coefϐicients and conditional results.
Variable Coefϐicient p‑Value Explanation

Temperature (t− 1) −0.42 0.04 Last year’s rising temperatures reduced productivity
Precipitation (t− 1) +0.17 0.01 The increase in rainfall last year had a positive impact
Performance (t− 1) +0.35 0.001 Strong autoregressive effect (inertia)
Permanent effects ‑ ‑ Consider regional speciϐics

R2 0.71 ‑ High explanatory power of the model

The availability of atmospheric moisture for agri‑
cultural crops, measured by precipitation, positively im‑
pacts their yield. Every 10 mm of precipitation during
the active growing season increases crop yields by 2.5–
4.3%, depending on the crop type and agroclimatic re‑
gion. This positive effect lasts only for one season, so
ensuring stable hydrometeorological conditions plays a
crucial role in increasing crop yields year after year.

A pronounced inertial inϐluence of hydrometeoro‑

logical conditions on agricultural crop productivity indi‑
cators has been noted current year values correlate with
the results of the previous agricultural seasonby an aver‑
age of 37–42%. This demonstrates the presence of agro‑
biological and technological “memory” in the production
system, which must be taken into account in strategic
agricultural planning, particularly in the context of risk
insurance, resource conservation, and crop rotation op‑
timization.
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5. Results

As part of this stage of the study, predictive model‑
ing of the main climatic factors and grain crop yields in
the Republic of Kazakhstan for the short‑term period of
2025–2029 was conducted. The purpose of the model‑
ing was to identify possible trends in temperature and
precipitation changes and their potential impact on agri‑

cultural productivity.
To generate forecasts, we used the exponential

smoothing method, which is highly sensitive to short‑
term ϐluctuations and allows for the inclusion of addi‑
tive trends without seasonal components. The model
was implemented using Python packages and included
national and regional data series for 2015–2024. The
modeling results are presented in Table 5.

Table 5. Forecast of key indicators for 2025–2029.
Year Yield (t/ha) Average Annual Temperature (°C) Annual Precipitation (mm)

2025 11.892925 11.680244 302.333579
2026 11.846207 11.813000 302.030610
2027 11.799489 11.945756 301.727640
2028 11.752770 12.078512 301.424671
2029 11.706052 12.211268 301.121701

To assess the dependence of agricultural productiv‑
ity on climatic factors (average annual temperature and
precipitation) based on forecast data for 2025–2029.

Based on panel data model for analysisϐixed effects
regression model. This model allows us to take into ac‑
count the inϐluence of time‑constant factors speciϐic to
each region (soil type, share of irrigated land, agricul‑
tural technologies, etc.).

According to preliminary correlation analysis, the
relationship between marginal variables and perfor‑
mance is shown in Table 6.

During the analysis, it was found that rising temper‑
atures have a negative impact on crop yields (−0.997),
while increased precipitation has a positive impact
(0.996). Table7demonstrates the strong inϐluenceof cli‑
mate risks on the level and dynamics of grain crop yields.

Table 6. Correlation Matrix of Temperature, Precipitation, and Crop Performance.
Variables Performance (y) Temperature (T) Precipitation (P)

Performance, (y) 1.000 −0.997 0.996
Temperature, (T) −0.997 1.000 −0.999

Rain, (P) 0.996 −0.999 1.000

Table 7. Effect of Temperature and Precipitation on Crop Yield Probability.
Explanatory Variable Chances t‑Statistics p‑Value

Temperature, (T) −0.143 −5.27 0.008
Rain, (P) +0.0052 3.11 0.037

Constant sum, (α) 13.42 ‑ ‑

The results of the regression model are shown be‑
low.

yit = 13.42− 0.143 · T + 0.0052 · P + εit

Modelcoefϐicient of determination
(
R2

)
=0.78, that

is, 78%of the variation in productivity is explainedby cli‑
matic factors. F‑statistic = 21.4 (p < 0.05), the model as
a whole is statistically signiϐicant.

The inϐluence of temperature (β1 = −0.143). With
an increase in average temperature by 1 °C, the yield
decreases by approximately 0.143 c/ha.The inϐluence of
precipitation (β2 = +0.0052):With an increase in precip‑
itation by 1 mm, yield increases by an average of 0.0052
c/ha.Constant value (α = 13.42): describes the base‑
line level of performancewhen other factors remain con‑
stant.
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Visualization of forecast trends: Average annual
temperature increase. Temperature is projected to in‑
crease from 11.68 °C to 12.21 °C (approximately +0.53
°C) between 2025 and 2029. Yield decline. Over the
sameperiod, yieldwill gradually decline from11.89 c/ha
to 11.71 c/ha (−1.5%).

These indicators demonstrate the negative impact
of climate change on agricultural production and efϐi‑
ciency. The modeling results conϐirm the clear inϐluence
of climatic factors on agricultural productivity: a steady
increase in average annual temperature reduces produc‑
tivity, while a deϐicit in precipitation exacerbates the
negative dynamics. A ϐixed‑effects model with a value
of 0.78 indicates high reliability of the results.The fore‑

cast model for 2025–2029 points to increasing climate
risks and the need to develop adaptation policies. At
the regional level (Turkestan, Zhambyl, and Kyzylorda
regions), improving climate change adaptation strate‑
gies and agroecological resilience mechanisms is essen‑
tial. As the data presented demonstrates, the forecast as‑
sumes a moderate increase in average annual tempera‑
ture of 0.13°C per year, consistent with observed trends
in global and regional warming. At the same time, a
slight negative trend in precipitation is observed, which
may indicate increasing climate aridity (Table 8).

In the agricultural context, this is reϐlected in a
gradual decline in projected crop yields, despite possible
agronomic stabilization.

Table 8. Results of the extended regional regression for Kazakhstan and its regions.

Variable Coefϐicient‑
Sweat −β1, β2

Standard
Error t‑Value p‑Value R2

Turkestan Region

Interception 17.82 2.41 7.38 0.001 R2 = 0.79. Temperature negatively impacts production
volume. Precipitation has a positive impact. Model quality
is 79%.

Temperature −0.51 0.14 −3.64 0.006
Precipitation +0.0041 0.0019 2.15 0.032

Zhambyl Region

Interception 15.94 2.12 7.51 0.001 R2 = 0.76. Temperature has a strong negative effect, while
precipitation has a positive one. The model’s quality is
76%.

Temperature −0.43 0.11 −3.89 0.004
Precipitation +0.0037 0.0017 2.17 0.031

Kyzylorda Region

Interception 22.13 3.01 7.34 0.001
R2 = 0.82. Temperature sensitivity is the highest (−0.62).
The model shows the best result 82%.Temperature −0.62 0.15 −4.13 0.003

Precipitation +0.0029 0.0014 2.04 0.041
Almaty Region

Interception 13.76 2.07 6.64 0.002
R2 = 0.74. The inϐluence of temperature is moderately
negative, and the inϐluence of precipitation is the greatest.Temperature −0.39 0.12 −3.25 0.008

Precipitation +0.0057 0.0020 2.85 0.014
Aktobe Region

Interception 14.29 2.14 6.66 0.002
R2 = 0.72. All coefϐicients are signiϐicant. The model
variance is 72%.Temperature −0.41 0.13 −3.08 0.010

Precipitation +0.0039 0.0018 2.16 0.036
Throughout the Republic of Kazakhstan

Interception 13.42 1.78 7.54 0.001 R2 = 0.78. The effect of temperature is negative and highly
signiϐicant. The effect of precipitation is positive and
statistically signiϐicant. The model variance is 78%.

Temperature −0.143 0.027 −5.27 0.008
Precipitation +0.0052 0.0016 3.11 0.037

It should be noted that the speciϐic impact of cli‑
matic factors on crop yield is determined by a certain lag.
Therefore, themodel was further testedwith lags, which
revealed a statistically signiϐicant impact of temperature
ϐluctuations and precipitation deϐicits in previous years
on crop yield in the current period.

The results of regional regression models showed
that the impact of climate factors on productivity is
highly heterogeneous across each region of Kazakhstan.
R² values ranging from 0.72 to 0.82 indicate high ex‑
planatory power. The negative impact of temperature
was statistically signiϐicant in all regions, while the pos‑
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itive impact of precipitation was consistently observed,
albeit somewhatweaker. These results conϐirm the need
for differentiated regional adaptation strategies.

Thus, predictivemodeling conϐirms the presence of
a stable trend towards increasing climate risks, which
requires the development of systemic adaptation mea‑
sures both at the level of national agricultural policy and
at the level of regional governance in the most vulnera‑
ble regions (Zhambyl, Kyzylorda, andTurkestan regions)
(Table 8).

6. Conclusions

The relevance of this study is determined by the
growing inϐluence of climatic factors on the sustainabil‑
ity of agricultural production in Kazakhstan in the con‑
text of global warming, increasing climate instability,
and growing threats to food security. Against the back‑
drop of increasing temperature ϐluctuations, more fre‑
quent droughts, and shifting agroclimatic zones, there is
a need for a scientiϐically based assessment of the impact
of climate risks on productivity, as well as the develop‑
ment of an adaptation model for the agricultural sector
at the national and regional levels [28].

The study assessed the dependence of grain crop
yields on climatic factors (average annual temperature
and precipitation) in Kazakhstan’s regions for the period
2015–2024 using an integrated panel approach. The re‑
sults conϐirmed the cumulative and delayed impact of
climate change on agricultural production, particularly
in arid and hot regions (Turkestan, Zhambyl, and Kyzy‑
lorda regions).

The coefϐicient of inϐluence of average annual tem‑
perature on crop yield based on the results of the panel
regression model β1 = −0.143 (p < 0.01) and the inϐlu‑
ence of precipitation β2 = +0.0052 (p < 0.05). Model
determination coefϐicient R2 = 0.78. This means that
78% of yield variations are explained by climate factors.
These results are consistent with the results of similar
studies conducted by the FAO (Food and Agriculture Or‑
ganization of the United Nations) in 2023 (R2 = 0.74–
0.79) and conϐirm the accuracy of the obtained model
using the example of Kazakhstan.

Scenariomodeling (based on exponential smoothing

and autoregressive panel regression) allowed us to gener‑
ate a forecast for 2025–2029. According to the forecast
results, a decline in crop yields of approximately 1.5–2%
is expected against the backdrop of an increase in average
annual temperatures of 0.5–0.6 °C and a slight decrease
in precipitation. Such trends could negatively impact the
sustainability of the country’s food balance, especially in
the face of external shocks (geopolitical tensions, ϐluctua‑
tions in global food prices, and inϐlationary waves) [29–31].

Thus, the study’s results demonstrate the need to
integrate climate considerations into Kazakhstan’s agri‑
cultural policy, implement adaptive agricultural tech‑
nologies, and transition to a sustainable agricultural pro‑
duction management model. The empirical analysis
demonstrated the importance of a regional approach, as
climate sensitivity and resource availability vary signiϐi‑
cantly across regions.

At the national level: It is necessary to develop aNa‑
tional Strategy for the Adaptation of Agriculture to Cli‑
mate Change, including a system for assessing climate
risks in agroecosystems. This strategy should incor‑
porate ϐlexible agricultural policy instruments that can
adapt to natural ϐluctuations, as well as institutionalize
climate planning through theMinistry of Agriculture and
Kazhydromet.

At the regional level: The introduction of no‑till
technology, precision farming,micro‑drip irrigation, and
climate‑resistant crop varieties is essential. Establish‑
ing climate literacy programs and agricultural consult‑
ing centers for farmers in regions experiencing high cli‑
matic stress (Southern and Southeastern Kazakhstan) is
particularly important [32].

At the farm level: Key areas should include the im‑
plementation of meteorological models in operational
planning, the use of digital agricultural monitoring plat‑
forms, and the adaptation of irrigation and crop rotation
systems to climate scenarios.

Limitations of the study: This work has certain
methodological and informational limitations:

– Data for the period 2015–2024 in some regions are
incomplete or require statistical reconciliation, so
the estimation results are partly approximate.

– The model takes into account only two main climatic
factors (temperature and precipitation); agronomic,

644



Research onWorld Agricultural Economy | Volume 07 | Issue 02 | June 2026

economic and institutional variables are not included.
– The forecasting models used (exponential smooth‑

ing and augmented reality models) cannot fully re‑
ϐlect sudden changes in external factors (e.g., ex‑
treme weather events, market shocks).

– In this regard, it is recommended that future stud‑
ies use extended panel models that include a wide
range of macroeconomic and agronomic variables
and integrate regional climate scenarios.

Overall, the study will allow us to quantify the real
economic impact of climate risks on Kazakhstan’s agri‑
culture and develop a scientiϐically based adaptation
policy.

These models and recommendations are aimed
at increasing the sustainability of the country’s agro‑
industrial complex, ensuring food security, and devel‑
oping a climate‑sensitive dimension to national agricul‑
tural policy (Table 9).

Table 9. Scenario analysis of the beneϐits of implementing adaptation policy in the agricultural sector of the Republic of Kaza‑
khstan (2025–2029).

Scenario Brief Description
Wheat Yield
Forecast,
c/ha

Potential Increase
in Total Revenue,
Million Tons.

Economic Effect in
2024 Prices,
Billion Tenge

Opinion

S0: Basic
inertial

Maintaining current
policies, no adaptation

measures
10.8 ‑ ‑

Negative dynamics of
indicators: 0.3% per year
due to climate shocks

S1: Average
adaptation

Introduction of resistant
varieties, precision

farming, expansion of
agricultural insurance by

50% in the regions

12.0 +0.65 +52.0

Moderate growth in labor
productivity (1.5% per
year), increased stability
in the Turkestan and
Kyzylorda regions.

S2: Active
adaptation

Regional adaptation
program, implementation

of drip irrigation
technology, optimization

of crop structure

13.2 +1.55 +124.0
Signiϐicant increase in

productivity, reduction in
costs during drought

S3: Strategic
climate trans‑
formation

Full integration of
adaptive policy: digital
modeling, sustainable
agriculture, climate

planning

14.5 +2.6 +208.0

Maximum potential:
annual productivity
Growth of 3–3.5%,

climate costs reduction
by 60–70%

Thepresented results of the scenario analysis allow
us to assess the impact of different levels of adaptation
in response to climate risks in the agricultural sector of
Kazakhstan.

Inertial: Under the current scenario, average pro‑
ductivity is projected to decline by approximately 0.3%
per year if existing policies remain unchanged. This de‑
cline is attributed to increasing climate shocks and insuf‑
ϐicient adaptation measures.

AverageAdaptation: This scenario involves the in‑
troduction of precision farming techniques and climate‑
resistant crop varieties, along with measures to provide
agricultural insurance coverage for approximately half
of the regions. These interventions are expected to re‑
sult in a sustainable increase in yields by 1.5%, raise the
gross grain harvest by 0.65million tons, and generate an
economic impact of up to 52 billion tenge.

Active Adaptation: This scenario implements
technological measures such as drip irrigation, crop op‑
timization, and regional adaptation programs. Yields
are projected to increase to 13.2 centners per hectare,
with gross harvests rising by1.55million tons, resulting
in economic beneϐits of 124 billion tenge. These mea‑
sureswill also signiϐicantly reduce costs during drought
years.

Strategic Climate Transformation: This scenario
is the most progressive, as it integrates principles of sus‑
tainable agriculture, climate planning, and digital mod‑
eling. Yields are expected to reach 14.5 centners per
hectare, gross harvests to increase by 2.6 million tons,
and the economic impact to reach 208 billion tenge. Ad‑
ditionally, it is projected to reduce climate‑related costs
by 60–70% and place agricultural production on a sus‑
tainable growth trajectory (Table 9).
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Thus, the results of scenario modeling show that
proactive implementation of climate change adaptation
measures will be a key factor in improving the economic
and environmental performance of Kazakhstan’s agricul‑
tural sector. Proactive and strategic scenarios will fo‑
cus agriculture not only on short‑term sustainability but
also on long‑term agro‑ecological resilience and food se‑
curity.

An important element of sustainable transforma‑
tion is the cooperation of farmers within agro‑clusters,
which allows for the collective implementation of
climate‑resilient strategies and access to innovative agri‑
cultural technologies [1].

Therefore, successfully addressing climate risks in
Kazakhstan’s agricultural sector requires an interdisci‑
plinary approach encompassing agronomic, economic,
climatological, and management aspects. Only through
a systematic transformation of public policy, regional
planning, and agricultural practices will the country’s
food system remain resilient to growing climate chal‑
lenges (Table 9).
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