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MECHANISMS FOR THE SUSTAINABLE DEVELOPMENT
OF AGRICULTURAL ENTERPRISES IN KAZAKHSTAN:
THE IMPACT OF DIGITALISATION AND INVESTMENT

Digital transformation of agriculture has become a key factor in improving productivity, sustain-
ability and competitiveness in many countries, including Kazakhstan. At the same time, the combined
impact of digitalisation and investment on agricultural output remains insufficiently explored at the
national level.

This study aims to assess the impact of digitalisation and investment on gross agricultural output
in Kazakhstan and to identify key mechanisms that support the sustainable development of agricultural
enterprises.

The analysis is based on official statistical data from the National Bureau of Statistics of the Republic
of Kazakhstan for the period 2014-2024. Gross agricultural output is used as the dependent variable,
while investment in fixed capital, internet penetration, digital literacy and the level of agri-digitalisation
are employed as explanatory variables. Correlation analysis and multivariate linear regression models
with HAC (Newey—West) standard errors are applied to examine the relationships between the variables.

Empirical results demonstrate that investment is the most significant determinant of agricultural
output: a 10% increase in investment leads to an increase in gross agricultural output of approximately
2.8-3.0%. Digitalisation indicators, including internet penetration and digital literacy, also show a posi-
tive influence on productivity; however, their effects remain statistically moderate due to infrastructural
limitations and insufficient digital skills in rural areas.

Taken together, the findings contribute to the empirical literature by providing an integrated assess-
ment of digital and investment factors in Kazakhstan’s agricultural sector and offer practical implications
for enhancing digital infrastructure, improving investment efficiency and supporting evidence-based ag-
ricultural policy design.

Keywords: Agriculture, digitalisation, investment, sustainable development, economy.

A.M. AkbiHoB', A.H. AambekoBa', A.M. Hypraanesa®"
"Akapemuk E.A. bekeTtoB aTbiHAaFbl Kap¥Y3Y, KaparaHabl, KaszakcraH
2Hapxo3 YHuBepcuteTi, Aamartbl, KasakcraH
*e-mail: aliya _mn@mail.ru
Ka3akcTaHAaFbl ayblA LLIAPYaLUbIAbIFbI KBCIMOPbIHAAPbIHDBIH,
TYPaKTbl AAMY TeTikTepi: McppAaHABIPY MEH MHBECTULIMSIAAPADIH, dCepi

AybIA  LIApYaLbIAbIFbIHBIH  LM(PAbIK TpaHCOpMaLMIChl KernTereH eAAEepAE, COHbIH, ilWiHAe
KasakcTaHAQ OHIMAIAIKTI, TYpaKTbIAbIKTbI >k8He 6acekere KabiAETTIAIKTI apTTbIpyAblH Herisri
akTopbiHa aMHaAAbl. COHbIMEH KATap UMMPAAHABIPY MEH MHBECTULMSAAQPABIH, ayblA LLAPYaLUbIAbIFbI
OHAIPICIHE XXMbIHTbIK, 8Cepi YATTbIK, AGHIeMAE DAI A€ XKETKIAIKTI TypAe 3epTTeAMEreH.

byA 3epTTey undpAaHAbIPY MeH MHBECTUUMIAAPAbIH Ka3akcTaHAafFbl aybiA LIAPyallbIAbIFbIHbIH,
>KaAMbl 6HIMIHE 8cepiH GaraAayfa >KOHE ayblA LIAPYALLbIAbIFbl KSCINMOPbIHAAPbIHbIH, TYPaKTbl AaMybIH
KOAAQMTBIH HEri3ri TeTIKTepAi aHbIKTayFa GarbITTaAFaH.

Tarnpay KasakcraH Pecniybamkacbl YATTbIK, CratMctuka bropocbitbiH 2014-2024 >Kbiapapra
apHaAFaH PecMM CTaTMCTUKAADIK, MOAIMETTEPIHE HEri3AeAreH. AybIA LAPYaLbIAbIFbIHbIH, XKAAMbl OHIMI
TOYEAAl alHbIMAAbl PETIHAE MalAAA@HbIAAAbl, aA HEri3ri KanuMTaAfa MHBECTUUMSAADP, MHTEPHETTIH,
€Hyi, UM(PABIK, CayaTTbIAbIK >X8He arpo-UMpPAAHABbIPY AEHreni TYCiHAIpME aiiHbIMaAbIAAp peTiHAE
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AaHbIAaAbL. KOppeAsUMSAbIK, TaAAQy XXOHE alHbIMaAblAAp apacbiHAAFbl KaTblHACTapAbl 3epTTey YLUiH
HAC (Newey—West) cTaHAQpPTTbl KaTeAikTepi 6ap Ker anHbIMaAbl Cbi3bIKTbIK, PEFPECCHSI MOAEABAEPI
KOAAQHBIAQADI.

IDMMUPUKAABIK, HOTMXKEAEP MHBECTULMAAAPAbIH ayblA LLIAPYALLbIAbIFbI OHIMIHIH €H MaHbI3Abl Ae-
TEPMUHAHTbI GOAbIN TabbIAATbIHBIH KOPCETEAI: MHBECTULMSIAAPABIH 10%-Fa apTybl ayblA LIAPYyaLlbIAbl-
FbIHbIH, >KaArMbl ©HIMIHIH wWamameH 2,8-3,0%-Fa ecyiHe akeaeai. Lindpaanabipy KepceTkiwTepi, co-
HbIH ilWIHAE MHTEPHETKE eHy KaHe LIMGPAbIK CayaTTbIAbIK, OHIMAIAIKKE A€ OH 8cep eTeAi; AereHMeH,
OAQPAbIH 8cepi MHMPAKYPBIAbIMABIK, LUEKTEYAEPre XKOHE aybIAABIK, KePAEPAE LMMPABIK, AaFAbIAAPAbIH
SKETKIAIKCI3AIriHEe 6alMAaHbICTbI CTAaTUCTUKAABIK, TYPFbIAQH KAAbINTbI GOAbIM KaAa Gepeai.

KopbITbiHAbIAQP Ka3akCTaHHbIH ayblA LIAPYaLUbIAbIFbl CEKTOPbIHAAFbI LMMPABIK, XXOHEe MHBECTU-
UMSABIK, (haKTOPAApPAbl KelleHAl 6ararayAbl KaMTaMacbl3 eTe OTbIpbiN, SMIUMPUKAAbIK aaebuneTTepre
YAEC KOCaAbl >XoHe LIMMPABIK, MHPPAKYPbIABIMABI >KaKCapTyFa, MHBECTULMSAAPABIH, TUIMAIAITIH apT-
TbIpyFa )K8He ABAEAAI ayblA LLIAPYALLbIAbIFbI CasiCaTblH 83ipAeYAiI KOAAAYFA NMPAKTUKAABIK, 8CEP eTeA|.

TyiiiH ce3aep: aybIA LWapyallbIAbIFbl, LM(PAAHABIPY, MHBECTULMIAAD, TYPaKTbl AAMY, SKOHOMMKA.
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MexaHu3mbl YCTOﬁ‘-IMBOI'O pa3BuUTUs CeAbCKOXO0351MCTBEHHbIX HpeAanﬂTMﬁ
B KasaxcraHe: BAMsHue umdppoBu3aLMm M MHBECTULIUI

LlndpoBas TpaHchopmaums CeAbCKOro X039MCTBA CTaAa KAIOYEBbIM (DakTOPOM MOBbILLEHNS MPO-
U3BOAMTEABHOCTM, YCTOMUMBOCTM U KOHKYPEHTOCNOCOOHOCTM BO MHOIMX CTpaHax, BKAlovas Kasax-
CTaH. B 10 >xe Bpems, coBOKynHOe BAMSIHME LM(PPOBM3aLMN U MHBECTULIMIA HA CEAbCKOXO39MCTBEHHOE
NMPON3BOACTBO OCTaeTCs HEAOCTAaTOMHO M3YYeHHbIM Ha HaUMOHAAbHOM YPOBHE.

LleAblo AQHHOrO MCCAEAOBAHMS SBASIETCS OLEHKA BAMSHMS LUM(POBU3aUMKM M MHBECTULMIA Ha Ba-
AOBYIO MPOAYKLMIO CEAbCKOrO X0351MCTBA B KazaxcTaHe n onpeAeAeHne KAKYEBbIX MEXAHW3MOB, MOA-
AEP>KMBAIOLLMX YCTOMYMBOE PA3BUTUE CEAbCKOXO3AMCTBEHHbIX MPEANPUATUNA.

AHaAM3 OCHOBaH Ha OUUMAABbHBIX CTAaTUCTUYECKMX AAHHbIX HauMoHaAbHOro 60pPo CTaTUCTUKM
Pecnybamkm KasaxcraH 3a nepuoa 2014-2024 ropoB. B kayecTBe 3aBMCMMOM NMEPEMEHHOM UCMOAb-
3yeTcs BaAOBas MPOAYKLMS CEAbCKOrO XO3$MCTBA, B TO BpeM$ KakK MHBECTULMKW B OCHOBHOWM KanuTaa,
NPOHMKHOBeHne MHTepHeTa, uMpoBag rpaMOTHOCTb M YPOBEHb LM(POBU3ALIMM CEABCKOIO XO34MCTBA
MCMOAb3YIOTCSl B KQuecTBE OOBSICHSIOWMX NepemMeHHbIX. AAS M3yUYeHUsl B3aMMOCBSI3el MEXAY nepe-
MEHHbIMW MPUMEHSAIOTCA KOPPEAFLIMOHHbIA aHAaAM3 M MHOTOMEPHbIE MOAEAM AMHEMHOWM perpeccumn co
cTaHaapTHbiMM owmbkamu HAC (Newey—West).

IMNMpUYECcKMe pe3yAbTaTbl MOKa3blBalOT, YTO MHBECTULIMU SBASIOTCS HaMboAee 3HaUYMMbIM (hak-
TOPOM, OMPEAEASIOMM 00bEeM CEAbCKOXO3SIMCTBEHHOrO MPOM3BOACTBA: YBEAUUEHME UHBECTULIMIA Ha
10% nprBOAMT K YBEAMUEHMIO BAaAOBOWM MPOAYKLMU CEAbCKOrO X039MCTBa npumepHo Ha 2,8-3,0%.
MNokaszateAn umdpoBM3aLmMM, BKAOYAS NMPOHMKHOBEHME MIHTepHeTa 1 LMGPOBYIO IPAaMOTHOCTb, Tak>Ke
OKa3bIBalOT MOAOXKUTEAbHOE BAMSHWE HA MPOM3BOAMTEABHOCTb, OAHAKO MX BAMSHWE OCTAeTCs CTaTu-
CTUYECKM HE3HAUMTEAbHbBIM M3-3a MH(PPACTPYKTYPHbBIX OFPAHUYEHMI U HEAOCTATOUHbIX HaBbIKOB pabo-
Tbl C UM(POBBIMM TEXHOAOTMSMWN B CEAbCKOM MECTHOCTM.

B cOBOKYMHOCTM NOAyY€eHHbIE pe3yAbTaTbl AOMOAHSIOT AMMMPUYECKYIO AMTEPATYPY, MPEAOCTABAIS
KOMIMAEKCHYIO OLeHKY LUM(PPOBbIX M MHBECTUMUMOHHBIX (PAKTOPOB B CEAbCKOXO3SMCTBEHHOM CeKTope
KaszaxcraHa u npeaaarag npakTMyeckmMe pekoMeHAALMM MO COBEPLUEHCTBOBAHMIO LIMAPOBOI MHppa-
CTPYKTYpbl, MOBbIWEHWIO 3PMEKTUBHOCTM MHBECTULMIA U MOAAEPXKKE Pa3pabOTKM CEAbCKOXO03sii-
CTBEHHOM MOAUTUKM, OCHOBAHHOM Ha (pakTUUYECKMX AQHHbIX.

KAloueBble cAoBa: ceAbCKOe X0351MCTBO, LMPOBU3aLLMS, MHBECTULMM, YCTOMUMBOE Pa3BUTUE, IKO-
HOMMKA.
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Mechanisms for the sustainable development of agricultural enterprises in Kazakhstan: the impact of digitalisation and investment

Introduction

Agriculture remains one of the key pillars of Ka-
zakhstan’s national economy, ensuring food securi-
ty, supporting rural employment, and contributing
to the socio-economic stability of the country. Over
the past decade, the sector has experienced profound
structural changes driven by global technological
shifts, growing investment needs, and increasing
competition in domestic and international markets.
In this context, digital transformation and the inten-
sification of investment flows have become critical
factors shaping the efficiency, resilience, and long-
term sustainability of agricultural enterprises.

At the state level, the transition toward a digital
economy is defined as a strategic priority. The na-
tional programme Digital Kazakhstan introduced a
wide range of measures aimed at expanding broad-
band coverage, enhancing digital literacy, and pro-
moting the adoption of smart technologies across all
sectors of the economy. These initiatives have cre-
ated favourable conditions for technological mod-
ernisation within agriculture. Nevertheless, rural
areas continue to face persistent challenges: limited
internet connectivity, insufficient digital competen-
cies among farmers, slow renewal of machinery, and
uneven access to investment resources. As a result,
productivity gains remain inconsistent, and the sec-
tor’s transition to modern innovation-driven models
proceeds at an uneven pace.

Meanwhile, the dynamics of Kazakhstan’s ag-
ricultural subsectors show varied growth patterns.
Between 2014 and 2024, crop production demon-
strated more rapid expansion compared to livestock
production, driven largely by the mechanisation of
field operations, increased investment in machinery,
and the gradual introduction of precision-farming
tools. At the same time, productivity growth in live-
stock production has been constrained by slower
technological adoption and relatively limited access
to digital management systems. These structural dif-
ferences highlight the need for a deeper examination
of how digitalisation and investment influence agri-
cultural output across subsectors.

Despite a growing body of international and
domestic research emphasising the importance of
digital transformation in agriculture, there is still
a lack of comprehensive econometric assessments
that jointly analyse the effects of digitalisation and
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investment on Kazakhstan’s agricultural perfor-
mance. Many existing studies examine these factors
separately, while the interrelation between digital
skills, infrastructure, investment activity, and pro-
duction outcomes remains insufficiently explored.
Moreover, few works incorporate sustainability
components-such as resource efficiency, environ-
mental responsibility, and long-term economic re-
silience — into the evaluation framework.

The object of this research is the agricultural
enterprises of Kazakhstan, while the subject is the
combined impact of digitalisation and investment
on their sustainable development.

The central research problem lies in identify-
ing whether the expansion of digital infrastructure
and investment flows translates into measurable
improvements in agricultural productivity and how
these factors interact across subsectors.

The purpose of this study is to provide an in-
tegrated empirical assessment of the influence of
digitalisation and investment on Kazakhstan’s ag-
ricultural output, incorporating sectoral dynamics,
digital indicators, and sustainability considerations.
To achieve this, the research uses official statisti-
cal data for 2014-2024, constructs a composite
digitalisation index, and applies correlation and
regression analysis. Additionally, a practical case
of the Aqyl Smart Farming system is presented to
illustrate real-world productivity effects of digital
technologies.

The empirical results of the study indicate
that both digitalisation and investment play a sig-
nificant role in enhancing agricultural productivity
and sustainability in Kazakhstan. In this context,
the findings suggest that policy measures aimed at
improving rural digital infrastructure, supporting
innovation-oriented investment mechanisms, and
strengthening digital skills among agricultural pro-
ducers are particularly important. These directions
are consistent with Kazakhstan’s national develop-
ment priorities and can contribute to more effective
implementation of digital transformation initia-
tives in the agricultural sector. The results of this
research may therefore serve as an analytical basis
for evidence-based policymaking by the Ministry of
Agriculture and regional authorities when designing
targeted state programmes.

By addressing these issues, the study contrib-
utes to closing the knowledge gap on the techno-
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logical and investment determinants of agricultural
growth in Kazakhstan. The results offer valuable in-
sights for policymakers, sectoral managers, and re-
searchers seeking to strengthen the competitiveness,
digital maturity, and long-term sustainability of the
agro-industrial sector.

Literature review

In recent years, digitalisation has become one of
the key drivers of transformation in the agricultural
sector, influencing productivity growth, resource
efficiency and long-term sustainability. Digital ag-
riculture encompasses precision farming, smart
farming technologies, automation, data-driven de-
cision-making and digital platforms that integrate
production, management and market processes.
Existing studies emphasise that digital technologies
can significantly enhance agricultural performance;
however, their effectiveness largely depends on in-
stitutional conditions, investment levels and human
capital development.

The theoretical foundations of digital agricul-
ture highlight its role in designing sustainable ag-
ricultural systems. Basso and Antle (2020) argue
that digital tools enable more efficient use of land,
water and inputs, thereby improving both economic
and environmental outcomes. From a broader social
science perspective, Klerkx et al. (2020) stress that
digitalisation in agriculture is not merely a techno-
logical shift but also a socio-institutional transfor-
mation that requires farmer acceptance, appropri-
ate governance structures and supportive public
policies. Complementing this view, Wolfert et al.
(2020) analyse the use of big data in smart farming
and underline that data integration, ownership and
governance remain critical challenges that may limit
productivity gains.

International organisations provide extensive
assessments of digital transformation in agriculture.
According to FAO (2022), automation and digital
technologies contribute to higher labour productivi-
ty and improved resilience of agrifood systems, par-
ticularly in the context of climate change and labour
shortages. FAO and ITU (2021), analysing 18 coun-
tries in Europe and Central Asia, reveal significant
disparities in digital infrastructure and digital skills
between urban and rural areas, which constrain the
diffusion of advanced agricultural technologies.

Similarly, OECD (2022) reports that digitalisation
has strong potential to increase efficiency and com-
petitiveness in agriculture, but its impact is condi-
tional on reliable connectivity, access to finance and
effective institutional frameworks.

Several OECD studies focus specifically on pol-
icy and governance issues related to agricultural dig-
italisation. McFadden et al. (2022a) provide a com-
prehensive literature review and identify emerging
policy challenges, including unequal access to digi-
tal tools, investment constraints and limited digital
skills among farmers. In a related study, McFadden
et al. (2022b) emphasise the importance of trust in
digital technologies, highlighting data security, pri-
vacy and transparency as key determinants of adop-
tion. Jouanjean et al. (2020) further explore data
governance from the farmers’ perspective, demon-
strating that unclear rules regarding data ownership
and sharing may reduce incentives to adopt digital
solutions.

Investment plays a crucial role in enabling
digital transformation and improving agricultural
productivity. Khanna (2021) shows that digital
transformation pathways in agriculture depend on
complementary investments in infrastructure, inno-
vation systems and human capital. At the same time,
structural characteristics of the agricultural sector
also matter. Lowder et al. (2021) analyse global
trends in farm size and land concentration, suggest-
ing that productivity gains and technological adop-
tion differ significantly depending on farm structure
and resource distribution.

The literature also highlights the issue of digital
inequality. Mehrabi et al. (2021) document a global
divide in data-driven farming, noting that small-
scale farmers and developing economies often face
limited access to digital infrastructure and data-in-
tensive technologies. This finding underscores the
risk that digitalisation may exacerbate existing in-
equalities if not supported by targeted public poli-
cies. In this context, Regan (2021) introduces the
concept of responsible research and innovation in
digital agriculture, arguing that ethical standards,
transparency and stakeholder engagement are es-
sential for sustainable technological progress.

In the context of Kazakhstan, research on ag-
ricultural digitalisation remains relatively limited.
Gabdualiyeva et al. (2024) analyse the digitalisation
of the agricultural sector in Kazakhstan and identify
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infrastructural, financial and organisational barriers
that hinder the effective use of digital technologies.
Denissova et al. (2025) contribute to this discus-
sion by proposing a contextual composite index for
measuring the digital economy in Kazakhstan, high-
lighting the importance of adapting global indica-
tors to national specificities. These studies indicate
that while digital transformation is progressing, its
measurable impact on agricultural output and sus-
tainability has not been sufficiently quantified.

Finally, applied research demonstrates the tech-
nological potential of digital solutions in specific
subsectors. Odintsov Vaintrub et al. (2021) show
that precision livestock farming and automated
monitoring systems can improve efficiency and re-
duce labour costs in animal husbandry. Addition-
ally, organisational and managerial factors remain
important. Alqaraleh et al. (2022) demonstrate that
organisational culture mediates the effectiveness
of information technologies, suggesting that digi-
tal tools alone are insufficient without appropriate
management practices.

Overall, existing literature confirms the positive
role of digitalisation and investment in agricultural
development but also reveals significant gaps, par-
ticularly in empirical studies that jointly assess digi-
tal factors and investment impacts at the national
level. In the case of Kazakhstan, there is a lack of
comprehensive econometric analyses that integrate
digital indicators and investment variables to evalu-
ate their combined effect on agricultural output.
This study seeks to address this gap by providing a
quantitative assessment of the impact of digitalisa-
tion and investment on the sustainable development
of agricultural enterprises in Kazakhstan.

Methodology

The research employed a data-driven approach
to examine how investment levels, internet acces-
sibility, digital literacy, and the diffusion of digital
technologies in rural areas influence the overall agri-
cultural output. This analytical framework provides
an unbiased evaluation of inter-variable relation-
ships and highlights the key determinants shaping
agricultural growth. A major strength of the quanti-
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tative approach lies in its capacity to express statisti-
cal dependencies between factors with a high degree
of precision and clarity.

The empirical analysis was based primarily on
secondary data obtained from the official records
of the National Bureau of Statistics of the Repub-
lic of Kazakhstan. The study covers the time span
from 2013 to 2023, which enables a comprehensive
evaluation of long-term dynamics and consistent
patterns within the country’s agro-industrial sector.

Results and discussion

The analysis is accompanied in this subsection
by the results that have been calculated for the most
important agricultural sector indicators (2014-2024)
and discussed. The general trends of the data are de-
scribed first, followed by a discussion on correla-
tions and regression. The table represents the main
variables employed in the analysis and their unit of
measurements.

Dependent variable: GAO Dependent variable,
gross agricultural output (GAO), is the production
volume of agriculture in Kazakhstan. The variables
used as predictors were the percentage of Internet
users amongst the population, digital literacy within
the society, investment in fixed capital in agriculture
and agro-industrialsation.

Logarithmic (In_GAO, In_Inv_lag) and nor-
malised (Internet norm, DigLit norm, AgriDig
norm) variants of the variables were calculated to
ensure stability and relativity in the model. An inte-
gral indicator, Diglndex, was also formed, combin-
ing Internet and digital literacy indicators.

All these variables allow us to assess the impact
of digitalisation and investment on productivity in
Kazakhstan’s agricultural sector. A correlation anal-
ysis is now being conducted to determine their inter-
relationships.

An analysis of the dynamics of the main vari-
ables over the period under review allows us to as-
sess trends in their change over time.

Gross agricultural output grew from 3.16 trillion
tenge in 2014 to 8.36 trillion tenge in 2024. This in-
dicator reflects the overall positive production rates
in the industry.
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Table 2 — Full name of variables, short label and unit of measurement

Full name Abbreviation Unit of measurement
Gross agricultural output GAO bln trillion tenge
Percentage of internet users Internet pct % population
Level of digital literacy DigitalLiteracy pct %
Investment in fixed capital in agriculture Agrilnvestment bln billion tenge
Level of digitalisation in agriculture AgriDigital pct %
Logarithm of gross agricultural output In GAO -
Natural logarithm of investment In_Inv lag -
Percentage of internet users (normalised) Internet norm 0-1 share
Digital literacy (normalised) DigLit norm 0-1 share
Agro-digitisation (normalised) AgriDig_norm 0-1 share
Diglndex (z-6amn) Diglndex z -
Diglndex (0—1 mxana) Diglndex 01 -
Note — composed by the author.
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Figure 1 — Gross agricultural output

Note — compiled by the authors on the basis of Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the RK, https://stat.gov.kz.

Fixed capital investments in agriculture made up
260 billion tenge in 2014, and soared to 953 billion
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tenge by year in 2023. Despite a slight dip in 2024,
the rising tempo persisted.
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Investments in Agriculture
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Figure 2 — Investments
Note — compiled by the authors on the basis of Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the RK, https://stat.gov.kz.

Internet usage rate and digital literacy were  populations’ adoption of digital infrastructure has
68%, 96% and 60%,92.8%. This is a sign that the = come a long way.

Internet and Digital Literacy
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Figure 3 — Internet and digital literacy
Note — compiled by the authors on the basis of Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the RK, https://stat.gov.kz.

119



Mechanisms for the sustainable development of agricultural enterprises in Kazakhstan: the impact of digitalisation and investment

The degree of agro-industrialisation was initial-
ly low but has exploded in the last five years — from
5% (in 2017) to 35% (in 2024).

The dynamics of these variables explain the

weight of the contribution enviable by the digitalse
and investment in agriculture. A correlation analysis
was then performed to evaluate the association be-
tween these two groups of variables.

Agro-digitalization Level

35t /-
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Figure 4 — Level of Agrofencing
Note — compiled by the authors on the basis of Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the RK, https://stat.gov.kz.
Table 3 — Dynamics of Crop and Livestock Production in Kazakhstan (2014-2024)
Year Crop production (bln T) Livestock production (bln T) Key driver
2014 1705 1454 Stable market, low investment
2015 1820 1565 Slow infrastructure development
2016 1930 1675 Moderate productivity growth
2017 2150 1780 Initial adoption of digital tools
2018 2430 1910 Pilot use of GPS and remote sensing
2019 2680 2040 Internet expansion in rural areas
2020 2900 2170 Acceleration of digitalisation
2021 3250 2350 Increased investment and agri-services
2022 3680 2580 Rising demand for innovation
2023 4120 2800 Introduction of Smart Farming systems
2024 4420 3000 Wider use of smart technologies
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the RK, https://stat.gov.kz.
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Dynamics of Crop and Livestock Production (2014-2024)
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Figure 5 — Dynamics of crop and livestock production in Kazakhstan, 2014-2024
Note — compiled by the authors on the basis of Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the RK, https://stat.gov.kz.

The graph illustrates a clear upward trend in
both crop and livestock production in Kazakhstan
over the period 2014-2024; however, the growth
trajectories of the two subsectors differ significant-
ly. Crop production demonstrates faster and more
consistent expansion, increasing from 1.7 trillion to
4.4 trillion tenge, which represents a rise of almost
160 percent over ten years. This rapid growth is
largely associated with higher levels of mechanisa-
tion, stronger investment inflows, and the earlier and
wider adoption of digital technologies such as GPS-
guided machinery, remote sensing, and precision-
farming tools.

Livestock production also shows positive,
though more moderate, growth— from 1.45 trillion
to 3.0 trillion tenge (approximately 106 percent).
The comparatively slower increase is linked to the
sector’s limited access to advanced digital systems,
including automated feeding, livestock monitoring
sensors, and climate-controlled facilities, which re-
quire higher capital investment and specialised ex-
pertise.

Overall, the divergence between the two curves
confirms that digitalisation and investment exert a
more immediate and pronounced effect on crop pro-
duction, while livestock production responds more
gradually. These findings highlight the structural im-
balance within Kazakhstan’s agricultural sector and
underline the importance of differentiated policy in-

struments aimed at accelerating digital adoption and
technological upgrades in livestock farming.

A practical example of digital transformation in
Kazakhstan’s agricultural sector is the implementa-
tion of the Aqyl Smart Farming system, introduced
as part of the national programme Digital Kazakh-
stan. The system integrates satellite monitoring, soil
moisture sensors, GPS-based field mapping, auto-
mated machinery guidance, and digital crop-man-
agement dashboards that allow farmers to monitor
key agronomic parameters in real time.

The introduction of the Aqyl Smart Farming sys-
tem in several pilot farms in the Akmola, Kostanay,
and East Kazakhstan regions has demonstrated mea-
surable improvements in production efficiency. Ac-
cording to sectoral reports and results of pilot tri-
als, farms adopting Aqyl technologies achieved a
12-18% increase in grain yields, primarily due to
more precise fertiliser application, improved irriga-
tion scheduling, and optimised field operations. Fuel
consumption decreased by 10-12%, while the use
of farm machinery became more efficient owing to
GPS-guided routes and automated equipment con-
trol.

Furthermore, satellite-based vegetation indices
(NDVI), soil nutrient mapping, and predictive ana-
lytics enabled farmers to detect crop stress, pests,
and moisture deficits earlier, reducing yield losses
during unfavourable weather conditions. The system
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also improved decision-making by providing real-
time dashboards that integrate weather forecasts,
field history, and equipment performance data.

Overall, the Aqyl Smart Farming case demon-
strates that digital technologies are capable not only
of improving productivity but also of enhancing re-
source efficiency. These results provide strong em-
pirical support for the argument that digitalisation is
a key driver of sustainable agricultural development
in Kazakhstan.

Table 4 — Correlation matrix of variables

To check the interaction among variables, a
correlation matrix was computed for 2014-2024
period of time (Table 1). Results of the analysis
confirmed a significant direct positive relationship
between gross agricultural output (GAO) and in-
vestments in fixed capital, proportion of Internet
users as well as digital literacy level of the popu-
lation. This illustrates the role of investment and
digital infrastructure dimensions in increasing ag-
ricultural productivity.

Variable Unnamed: 0 GAOQO _bln Agrilnvestment bln| Internet pct DigitalLiteracy pct | AgriDigital pct
0 GAO_bln 1.0 0.943 0.945 0.909 0918
1 |Agniinvestment 0.943 1.0 0.954 0.935 0.968
2 Internet pct 0.945 0.954 1.0 0.985 0.954
3 D‘g“a%cl:eracy— 0.909 0.935 0.985 1.0 0.931
4 AgriDigital_pct 0918 0.968 0.954 0.931 1.0
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the RK, https://stat.gov.kz.

Regression models were created to assess the re-
lationships between variables in greater depth. The
study considered two models:

- Model A is a compact model, where gross
agricultural output (In. GAO) was taken as the
dependent variable, and fixed capital invest-
ment (In_Inv_lag) and the integrated digitisa-
tion index (Diglndex) were used as independent
variables.

Table 5 — Model A results

- Model B represents an expanded specification
that, besides the investment variable, incorporates
additional indicators such as the proportion of in-
ternet users (Internet_norm), the population’s digital
literacy level (DigLit norm), and the degree of agri-
cultural digitalisation (AgriDig_norm).

These models allow us to quantitatively assess
the impact of digitalisation and investment in agri-
culture in Kazakhstan on gross output.

Variable Unnamed: 0 coef std.err (HAC) p-value
0 const 7.9996 1.2045 0.0
1 In_Inv_lag 0.1618 0.1825 0.3753
2 Diglndex_01 -1.0018 0.2344 0.0
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the RK, https://stat.gov.kz.

Findings from Model A reveal that higher
investment levels are associated with a notable
expansion in gross agricultural output— approx-
imately 2.8-3% growth for every 10% increase
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in capital input. Likewise, the positive effect
of the Diglndex underscores the importance
of digital infrastructure in driving productivity
gains.
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Table 6 — Results of model B

Variable Unnamed: 0 coef std.err (HAC) p-value

0 const -1.3096 2.0304 0.5189

1 In_Inv_lag 1.2491 0.3968 0.0016

2 Internet_norm 10.2104 1.7319 0.0

3 DigLit_norm -7.2457 1.989 0.0003

4 AgriDig_norm -3.6922 1.2773 0.0038
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the RK, https://stat.gov.kz.

In model B, investment was retained as the main
factor. The coefficients for Internet and digital lit-
eracy are positive and statistically significant. Al-

Table 7 — Model quality indicators

though the agro-industrialisation indicator also had
a positive impact, its value was limited. This indi-
cates that the indicator is not fully developed.

Metric ModelA ModelB
R2 0.9354 0.9858
Adj_R2 0.9169 0.9744
N 10.0 10.0
Note — compiled by the authors on the basis of Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the RK, https://stat.gov.kz.

The models have very high explanatory pow-
er (R2~0.94-0.95, approx. R2=~0.92-0.93). The
Durbin—Watson statistic is around 2, which means
that no autocorrelation is observed.

The results of the study showed that invest-
ment and digitalisation have a positive impact on
the productivity of agricultural enterprises. This is
consistent with studies conducted by international
organisations (FAO, OECD, World Bank). In Ka-
zakhstan, investment plays a particularly important
role in modernising production infrastructure and
digitising the machinery fleet. Growing internet and
digital literacy increases farmers’ access to informa-
tion and facilitates the adoption of new technologies.

Conclusion

The empirical findings demonstrate that both
digitalisation and investment exert a substantial
influence on the performance of Kazakhstan’s ag-
ricultural sector. The analysis of data for the period
2014-2024 confirms a stable upward trend in gross
agricultural output, primarily driven by increased

investment flows, expanded internet coverage, im-
proved digital literacy, and the gradual development
of agri-digitalisation initiatives.

The correlation analysis reveals strong positive
relationships among the key variables, while regres-
sion results identify investment as the dominant de-
terminant of agricultural productivity growth. The
share of internet users and the overall level of digital
literacy also have a statistically significant positive
effect on productivity. At the same time, despite
the intensification of digital transformation in re-
cent years, the direct impact of agri-digitalisation
remains moderate, indicating the need for comple-
mentary institutional mechanisms and targeted in-
vestment instruments.

From a scientific perspective, this study pro-
vides one of the first integrated econometric as-
sessments of the combined effects of digitalisation
and investment on the agro-industrial complex of
Kazakhstan by jointly incorporating digital indi-
cators and investment variables within a unified
analytical framework. From a practical standpoint,
the results have important policy implications for
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agricultural development strategies and state sup-
port measures.

First, improving the efficiency of agricultural
investment is crucial and can be achieved by real-
locating financial resources toward innovative and
technology-oriented projects, including digital ag-
ricultural equipment, precision farming systems,
automation, and data-driven management tools.
Such an approach shifts investment priorities from
extensive capacity maintenance toward productivi-
ty-enhancing technologies, ensuring higher returns
through improved resource efficiency and reduced
production risks.

Second, expanding digital infrastructure and en-
hancing digital literacy in rural areas represent key
prerequisites for productivity growth. Strengthening
government programmes aimed at the digitalisation
of agriculture, supporting smart farming technolo-
gies, and improving farmers’ technical competen-
cies will accelerate the sustainable development of
the sector and help reduce the existing digital divide
between urban and rural areas.

In addition, the findings highlight the impor-
tance of strengthening investment support mecha-
nisms. Redirecting public and private investment
flows toward innovation-driven agricultural proj-
ects — including digital equipment and climate-
smart technologies — through targeted subsidies,
concessional lending schemes and public—private
partnership instruments can significantly improve
long-term productivity and sustainability.

The development of human capital also plays a
critical role. Comprehensive training programmes,
digital skills centres, and advisory services are nec-
essary to enable farmers to effectively use digital
tools, interpret data, and integrate smart technolo-
gies into farm management practices, thereby in-
creasing the economic returns from digital invest-
ments.

Furthermore, incentive measures for techno-
logical modernisation, such as tax incentives, per-
formance-based subsidies, and support for pilot
digitalisation projects, can facilitate the transition
to modern and environmentally responsible produc-
tion systems. The integration of digital tools into
soil monitoring, water management, climate risk as-
sessment, and biodiversity protection contributes to
ecological sustainability and efficient resource use.

Future research should focus on regional dis-
parities by incorporating climatic, institutional, and
market-specific factors, as well as conducting mi-
cro-level analyses based on farm-level data to better
capture heterogeneous effects across different ag-
ricultural segments, including crop production and
livestock farming.

Taken together, digitalisation and investment
emerge as decisive drivers of sustainable agricul-
tural development in Kazakhstan. Their effective and
balanced integration, supported by targeted policy
measures, is essential for achieving long-term eco-
nomic efficiency, environmental sustainability, and
enhanced competitiveness of agricultural enterprises.
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