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Abstract. The article explores the economic opportunities and structural
constraints of artificial intelligence adoption in Kazakhstan in a resource-oriented
economy where extractive industries are a significant part and the level of high-
tech diversification is relatively low. The study seeks to assess the potential
macroeconomic impact of Al in several areas and to determine the conditions
of its contribution to sustainable economic development. A sectoral analytical
framework is used, which involves integrating information from the national
accounts with Al productivity coefficients from international empirical research.
It examines the main sectors of the economy, such as industry, trade, transport,
energy, finance, agriculture and health, as well as the communications industry.
Emphasis is placed on new technologies like machine learning, deep learning, large
language models, and generative Al, which offer further automation and decision
support opportunities for various sectors. Under the adopted assumptions, the
model-based scenario estimate suggests that the potential economic impact of Al
use in Kazakhstan may range between USD 1.6 and 2.59 billion per year, or around
0.9%—1.5% of GDP. This estimate should be interpreted as an indicative scenario-
based result derived from international productivity coefficients and Kazakhstan’s
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sectoral GDP structure, rather than as a direct empirical measurement of the current
level of Al adoption by Kazakhstani enterprises. The most substantial potential effect
is concentrated in industry, trade, and transport, whereas the contribution of other
sectors is more moderate but remains macroeconomically relevant. At the current
stage, Al is mainly considered as a tool for efficiency improvement rather than as
a driver of structural transformation. The study also highlights crucial constraints,
such as a lack of digital infrastructure, human capital, research and development
intensity, and reliance on resource-intensive industries. These all limit the diffusion
and multiplier effects of Al technologies. It shows the need for policies that are
coordinated with respect to technological modernization, education and economic
diversification in order to attain the long-term benefits of Al. If left unchecked, Al
can exacerbate existing structural imbalances, instead of helping to transition to a
knowledge-based economy.

Keywords: Artificial Intelligence, Resource-oriented economy, Economic
impact, Machine Learning, Large Language Models (LLMs), Generative Al,
Digital transformation
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AHHOTanmus. Makanaja eHIIpyIIi cajalap MaHBI3IBl POJI aTKapaThlH JKOHE
JKOFaphl TEXHOJIOTHSUIBIK OpTapamlTaHIbIpy JEHIeil CalbICTRIpMANbl  TYpHe
TeMeH KazakcTaHHBIH pecypcka OariapliaHFaH SKOHOMHKACHIHIA YKAcaHIIbI
nHTeIeKTTi (JKM) eHri3yniH SKOHOMHKAIBIK MYMKIHIIKTEpI MEH KYPBUIBIMJIBIK
IeKTeyaepi KapacTelpbuiafpl. 3eprreymaiH Maxcarbl — JKU-miH Oipkarap
cananapJarbl BIKTHMaJl MaKPOIKOHOMHKAIIBIK dCEPiH Oaraay jkoHe OHBIH TYPaKThI
SKOHOMHUKAITBIK JJAMY¥Fa BIKITAJ €Ty MIapTTapbIH aHBIKTAY. 3ePTTEY/IE YITTHIK IIOTTAP
JIepeKTEPiH XaJbIKapalbIK SMITUPUKAIIBIK 3epTTeynepacH anbiarad KU eHimuminik
ko3 unmenTTepiMeH OIPIKTIPETIH caNlabIK aHAJTUTHKAIBIK TOCUT KOJTaHBLIA b,
OHepkacir, cayia, KelliK, JHePTeTHKa, KapKbl, aybll MIapyallbUIbIFbL, JEHCAYIBIK
cakray *oHe OalylaHbIC cajanapbl TallaHaabl. MalluHAIBIK OKBITY, TEPEH OKBITY,
YJIKeH TUIIK Monenblep >oHe reHeparuBTiK KW CHSKTBI TeXHOJOTHsIIapFa
epeKIlle Ha3ap aylapbuIajbl, OWTKEeHI Oollap aBTOMATTAHIBIPY MeEH IIenliM
KaOBbUIAAY/IbI KOJIayAblH KaHa MYMKIHIIKTEePiH KalbITacThipanbl. KaObuinanran
Oomkammap Heri3iHAeri MOAeNbIiK cleHapuiinik Oaramay Kaszakcranma XU
SHTI3YIIH BIKTUMAT SKOHOMHKAIBIK ocepi xbUIblHA 1,6-2,59 w™ipny AKII
nomnapei Hemece JKIO-nin mamamen 0,9%—1,5%-b1H Kypaybl MYMKiH €KEHiH
kepcereni. bynm kepcerkim Kazakcran kocimopeiHmapeHaarsl KW eHri3ymiH
Kaz3ipri JeHreiiH TikeneHd SMIHMPUKAIBIK OJIIeY PETiHIE eMeC, XalbIKapasbIK
eHIMIUTIK ko3(]dunmentrepi MmeH KazakcranuslH cananbik JKIO KypbuibIMBIHA
HeT13/IeJITeH HHIUKATUBTIK CIICHAPUIITIK HOTIIKE PETiH/Ie KapacThIPhUTYHI THiC. EH
YKOFapBI QJIEYETTi 9Cep OHEPKICII, cayna )KoHEe KOJIIK callaapblH/a MOFbIPIIaHFaH,
anm 0acka CEKTOpIAp/ABIH YJeci CalbICTBIPMalbl TYplle TOMEH OOJFaHBIMEH,
MaKpOIKOHOMHUKAIIBIK MaHbBI3bIH cakTaiel. Kazipri kezenae KW KypbUIBIMIBIK
TpaHCHOPMAIIUSIHBIH TOJBIKKAHIBI IpaiiBepiHeH ropi THIMAUTIKTI apTThIPY KYPaJIbl
pertinae kepineai. 3eprrey IMQPIBIK HHPPAKYPHIIBIMHBIH JKETKUTIKCI3AIr, agaMn
KaluTal IIEKTeYJepi, FBUIBIMU-3EPTTEY JKOHE TKIPHOETiK-KOHCTPYKTOPIIBIK
YKYMBICTap KapKbIH IBIIBIFBIHBIH TOMEH/IIT1, COH/Iali-aK PeCypCThI KOII K&KET €TETiH
cajanapra TOYeIIIK CHSKTHI HETi3r Keneprijiepai aHbKTainbl. byn daxroprap
KW TexHONMOTHSIIapBIHBIH TapallyblH KOHE ONIAP/IbIH MYJIBTHUIUIMKATHUBTIK dCEepiH
mekTeiai. AnpiaFaH HoTmkenep JKM-miH y3ak Mep3iMIli apTHIKIIBLIBIKTapBbIH
iCKe achIpy YIIiH TEXHOJIOTHSJIBIK JKaHFBIPTY, OLTiM Oepy >KoHE SKOHOMHKAHBI
opTapanTaHAbIpy callajapbhlHaa YHJIECTIpUIreH cascaT KaXeT eKeHiH KepceTel.
Hundprasik nHOpaKYpHUTBIM, alaMHU KaIATaJ )XOHE SKOHOMHUKAHBI dpTapanTaHIbIpy
OaFpITTapBIHAAFBl KOCBhIMINA Tmapamapchi3s JKW eHrizy OimiMre HerizmenreH
SKOHOMHKAFa OTydi IKCSISNJCSTYIiH OpHBbIHA KOJJAHBICTAFbl KYPBUIBIMJIBIK
TEHTePIMCI3TIKTep/Ii KYIIeUTyi MyMKiH.

Tyiiin ce3mep: ’kacaHIpl WHTEIIIEKT; pecypcka OarmapliaHFaH SKOHOMHKA;
SKOHOMHUKAIIBIK 9CEp; MAIIMHANBIK OKBITY; VIKEeH TuImik moxenbaep (LLM);
TeHEPATUBTIK KacaH bl MHTEIUICKT; U PIBIK TpaHCcHopMaIus

276



ISSN 1991-346X 3. 2026

© Myxamenuen P.U.*, Adonoaguna ®.H., I'epuen E.A., 2026.
HuHcTtuTyT aBTOMaTH3alMu 1 MH(POPMAMOHHBIX TeXHONIOTHH, Satbayev University
(KasHUTY), Anmarel, Kazaxcran.

E-mail: ravil. nuhamedyev(@gmail.com

9KOHOMMUYECKHUE BO3MOXKHOCTHU U OT'PAHUYEHU A
BHEJAPEHUS UCKYCCTBEHHOI'O UHTEJIVIEKTA B PECYPCHO-
OPUEHTUPOBAHHOM YKOHOMUKE KA3AXCTAHA

MyxamenneB PaBuib — IOKTOp TEXHHYECKHX HayK, mpodeccop, VMHCTUTYT aBTOMaTH3amuu |
nH(OopManMOHHEIX TexHOIOoTHH, Satbayev University (KasHUTY), Anvarsr, Kazaxcran,

E-mail: ravil. muhamedyev(@gmail.com, https://orcid.org/0000-0002-3727-043X;

Aoponauna dapuga — KaHAWAAT TEXHUYECKWX HAyK, aCCONMHMPOBAHHBIA mpodeccop, VHcTHTYT
aBTOMAaTH3allMl ¥ WHQOPMAIMOHHBIX TexHoioruid, Satbayev University (KasHUTY), Anmarsr,
Kazaxcran,

E-mail: abdoldinafarida@gmail.com, https://orcid.org/0000-0003-1816-6343;

I'epuen EBrenmii — wmarucTp HH(QOpPMAIMOHHBIX TEXHOJIOTHH, HccienoBarenb, WHCTHTYT
aBTOMAaTH3allMl ¥ WHQOPMAIMOHHBIX TexHoioruid, Satbayev University (KasHUTY), Anmarsr,
Kazaxcran,

E-mail: gersen.e.a@gmail.com, https://orcid.org/0009-0000-5569-1310.

AnHoTaumus. B craThe paccMaTpHBAIOTCS HKOHOMHUYECKHAE BO3MOXKHOCTU U
CTPYKTYPHBIE OTpaHWUYCHHUs BHEAPEHHsI HCKycCTBeHHOTo wuHTeiuiekta (MU) B
pecypco-OpueHTUPOBAHHOM 3KOHOMUKe KazaxcTaHa, rJie 3HaAUMTENbHYI pOJIb
UTPAIOT IOOBIBAFOINNE OTPACIIH, 2 YPOBEHb BHICOKOTEXHOJIOTUYHOM TUBEpCcU(pUKAIIAN
OCTAEeTCSl OTHOCUTENBbHO HU3KUM. Llenb uccnenoBaHUsl 3aKIIOYAETCSl B OLICHKE
MOTEHUHUAIIBHOTO MaKpOIKOHOMHUYECKOoro Bo3aeiictBus WM B pa3nuyHbIX
CEKTOpax M ONPEACNICHUU YCIOBUU €ro BKJIaJa B YCTOHYMBOE SKOHOMHUYECKOE
pa3zButue. Mcmonmp3yercs oTpaciieBas aHAJIMTHYECKass MOJENb, OObEeTUHSIONIAS
JTAaHHBIC HAIMOHAJIBHBIX CUETOB ¢ Kod(¢uimeHnTamMmu npousBonutensHoctn U,
MOJIYYEHHBIMU U3 MEXAYHAPOJHBIX SMIMPUYECKUX HCCIEI0BaHUU. AHaIN3
OXBaThIBAE€T IMPOMBINUICHHOCTh, TOPIOBJII0, TPAaHCIOPT, 3HEPIeTHKY, (DUHAHCHI,
CEJIbCKOE XO3AWCTBO, 3/JPaBOOXpaHEHHE U TelleKoMMYyHUKauu. Ocoboe BHIMaHNE
YICNSETCS MAlIMHHOMY OOYYEeHHIO, TITyOOKOMY OOYUYEHHIO, OOJIBIINM SI3bIKOBBIM
MozensM U reneparusHoMy MU, KoTopbie cO30aI0T AOMOIHUTEIbHBIE BO3MOKHOCTH
JUTSL  aBTOMATH3AIlMM W TIONJCPKKH TPUHATHA pemieHnid. [Ipum  mpUHATHIX
JNOMYUICHUSX CIEHApHAs MOJETbHAS OLICHKA MOKA3bIBACT, YTO MOTEHIUATIbHBIN
sxoHOoMuYecknii dhdexT ot BHeapenus MU B KazaxcraHe MOKET COCTaBISITH
1,6-2,59 mupn nmomnapoB CHIA B ron, mimu oxono 0,9%-1,5% BBII. Jlannyio
OLICHKY CJIEAYeT MHTEPIPETUPOBATh KaK MHAMKATUBHBIA CLEHAPHBIA pE3yJbTar,
OCHOBaHHBIH Ha MEXKIyHAPOJAHBIX KOd(DDHUIIMEHTAX NPOU3BOIUTEIBLHOCTH U
orpacneBoil crpykrype BBII Kaszaxcrana, a He kak MpsiMoe SMIHMpPUYECKOE
M3MEpPEHNE TEeKyllero ypoBHsi BHeApeHus: I Ha ka3aXxCTaHCKUX MPEenNpUsTUsX.
HauGonee cyliecTBeHHbI TNOTCHIMANBHBIA A(P(EKT KOHICHTPUPYETCS B
MIPOMBIIIIEHHOCTH, TOPrOBJIE U TPAHCIOPTE, TOrAA KAK BKJIaA APYTUX CEKTOPOB
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OoJtee ymepeH, HO COXpaHsIeT MaKpOIKOHOMUYECKYO 3HaYNMOCTh. Ha coBpeMeHHOM
stanie M BrICTYyIIAET MPEK/IC BCETO HHCTPYMEHTOM IMOBBIICHHS 3 ()EKTUBHOCTH,
a HE TIOJHOIICHHBIM JpaiiBepOM CTPYKTypHOU TpaHcopmanuu. K OCHOBHBIM
OTPaHUYCHHSIM OTHOCSITCS HEAOCTaToUHAs ITUpoBasi HHPpACTPYKTypa, AeHUImT
YeJIOBEUYECKOTr0 KaluTaia, HU3Kask HHTEHCUBHOCTh MCCIIENOBaHUN U pa3padoToK,
a TaKkKe 3aBHCHMOCTh HSKOHOMHKH OT PECYpPCOEMKHX OTpaciied. DTh (axKTopbl
OTPaHMYMBAIOT paclpocTpaHeHne TexHoiaorud MU m uX MyJIbTUILUIMKATUBHBIN
a¢dext. PesynapraThl yka3plBalOT Ha HEOOXOAMMOCTH COTJIACOBAHHOW ITOJIMTUKU
B 00NacTH TEXHOJOTWYECKOW MOJEPHM3ANNH, O00pa30BaHUS W SKOHOMHYECKON
muBepcuuKaui. be3  JIOMONHUTENBHBIX MEp 10 Pa3BUTHIO  IH(PPOBOH
WH(PACTPYKTYPHI, YEJIOBEYECKOTO KaluTana W JIUBEepCH(PHKANNN IKOHOMHUKH
BHeApeHue MM MOXeT yCWiMBaTh CYIIECTBYIOIIUE CTPYKTYPHBIC IUCOAIaHCHI
BMECTO YCKOPEHUS Tiepexoia K SKOHOMHKE, OCHOBAaHHOW Ha 3HAHUSX.

KuroueBble cj10Ba: MCKYCCTBEHHBIM WHTEIUICKT, PECYypCO-OPHCHTHPOBAHHAS
SKOHOMHKA; YIKOHOMUYeCKUH 3((dekT; MammHHOEe 00yUYeHHE; OOIbIINE SI3IKOBBIC
monenu (LLM); reneparususiii UW; ndposas Tpanchopmarus

Introduction. In resource-oriented economies, natural resources extraction
and export has been the main economic driver for the past years. But this type
of growth is facing increasing structural weaknesses as a result of commodity
price volatility, external shocks and long-term pressures for decarbonization.
Under those circumstances, new targets for productivity and diversification are
a key policy focus. Kazakhstan is a representative case of this type of economy
as mineral production and other mining industries account for most of its gross
output, while the contribution of high-tech industries is relatively small (Bureau
of National Statistics, 2026; World Bank, 2026; International Trade Centre, 2026;
Harvard Growth Lab, 2026; WIPO, 2026).

Meanwhile, artificial intelligence (AI) has proven to be a general-purpose
technology with the potential to revolutionize production systems, decision-
making processes, and service delivery across industries. Modern machine learning
and deep learning (DL) based Al systems are capable of processing unstructured
data, learning from large-scale data sets, and providing cognitive functions at
or exceeding human-level performance in narrow domains, unlike previous Al
initiatives that were limited to narrow tasks using structured data (LeCun et al.,
2015; Mukhamediev et al., 2022). This makes Al a possible game-changer for
industrial efficiency and structural economic change.

Large language models (LLMs) and generative Al (GenAl) have revolutionized
the applications of Al over the last few years. In addition to predictive analytics,
these models can also be used for automated content creation, complex reasoning
over text, and multimodal analysis, which is a shift from traditional types of Al
usage into knowledge-intensive tasks (Raiaan et al., 2024; Naveed et al., 2023).
Therefore, Al is becoming an emerging platform for innovation as well as
optimization in finance, healthcare, education and public administration.
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This potential is very much reliant on institutional preparedness, human
resources, and the economic structure. Empirical evidence has indicated that Al
is able to deliver significant productivity gains, though this varies by sector and
country (Zhao, 2018; McKinsey and Company, 2023). While the integration of Al
technologies into the existing economy is crucial for resource-based economies
like Kazakhstan, the challenge lies not just in the adoption but also in the seamless
incorporation of these technologies into a comprehensive diversification policy
aimed at shifting away from extractive industries (OECD, 2023; Mannuru et al.,
2023).

Hence, this study is aimed at evaluating the economic opportunities and
structural barriers of Al usage in Kazakhstan. The sectoral distribution of potential
gains is addressed in particular, as are the opportunities of new technologies like
LLMs for future development paths. More specifically, the study provides a first-
order scenario-based estimate of the potential macroeconomic effect of Al adoption
in Kazakhstan under internationally derived productivity assumptions, rather than a
direct measurement of the current level of Al adoption by Kazakhstani enterprises.

Literary review. Al is considered a general purpose technology that can
have applications across sectors. Traditional Al is generally defined as systems
that mimic human intelligence, like learning, reasoning and decision making.
The most common architectures are modern Al systems with machine learning,
especially deep learning architecture that supports automatic feature extraction
and hierarchical representation learning from large datasets (LeCun et al., 2015;
Mukhamediev et al., 2020). Transformer-based architecture has advanced at a rapid
pace, resulting in the birth of large language models, which are big milestones in
the field of natural language processing and generative Al. The models exhibit high
performance across a variety of text generation, translation, coding, and analytical
reasoning tasks, thereby presenting a wide range of opportunities for Al use in
knowledge-intensive areas (Raiaan et al., 2024; Naveed et al., 2023).

Economically, Al is increasingly examined as a technology that enhances
productivity and has an impact on labour markets and capital utilization. According
to global evaluations, Al can enhance production and logistics efficiency, risk
management, and innovation processes (Zhao, 2018). The strength of these effects,
however, will vary depending on the institutional landscape and the sectoral
makeup. According to large scale industry studies, sectors where data is abundant
and processes are standardized, like manufacturing, supply chain management and
product development, are ones where Al adoption is most advanced (McKinsey
and Company, 2023). On the macro level, Al is projected to boost productivity, but
with varying effects across countries (OECD, 2021).

In economies with fewer resources and developing economies, the economic
impact of Al can be limited by the availability of digital infrastructure and
technological readiness (Mannuru et al., 2023). Thus, Al is often used to improve
efficiency of current systems and industries instead of transforming them. Recent
studies reveal the increasing use of Al in specific industry contexts. Al plays a
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role in finance, such as risk assessment, fraud detection, and algorithmic trading,
which enhances decision-making and streamlines operations. In the healthcare
sector, Al and LLM-based systems aid in diagnosis, clinical decision support and
administrative automation, leading to cost savings and better service provision
(Nazi and Peng, 2024).

Additionally, research shows that Al can be a powerful tool for lowering
healthcare costs, with potential for enhanced outcomes, especially in the field
of predictive analytics and personalized medicine. But achieving these benefits
requires data quality, regulatory measures, and the ability to integrate with current
health systems. While Al has its merits, it also comes with a number of structural
and institutional limitations. One of the key concerns is the potential for widening
technological and economic inequality between advanced and developing
economies. Moreover, the focus of Al capabilities in fewer countries and companies
can further exacerbate inequalities within the world.

Ethical and governance issues also pose a major challenge. This applies to
algorithmic bias, transparent algorithms, and issues of accountability in automated
decision-making systems (Machado et al., 2025). In addition, the economic
advantages of Al could be counterbalanced by the disruption of the labor market,
such as in repetitive and semi-automated roles. Last but not least, theoretical
work indicates that Al can exacerbate the structural challenges of resource-poor
economies if adequate investments in human resources and institutions are not
made (Korinek and Stiglitz, 2021).

Materials and methods. In this study, the quantitative sectoral assessment
approach is used to estimate the potential impact of artificial intelligence (Al) on the
economy of Kazakhstan. Analysis is based on a mixed methodological approach,
which consists of macroeconomic structure analysis, sectoral decomposition of
GDP and Al impact coefficients drawn from literature. The goal is to estimate
the economic impacts of both partial and full Al use in the major sectors of the
economy.

The research design is comparative structural, which is based on the analysis
of the sectors of Kazakhstan's economy and their status in comparison with the
patterns of Al adoption and productivity gains reported in international studies
(Zhao, 2018; McKinsey and Company, 2023). The sources of materials in the study
are of secondary data which is obtained from national and international statistical
database. The main macroeconomic indicators and sectoral GDP structure are taken
from the Annual Report of the Bureau of National Statistics of the Republic of
Kazakhstan and the World Bank (Bureau of National Statistics, 2026; World Bank,
2026). International trade and competitiveness data (International Trade Centre,
2026; Harvard Growth Lab, 2026) also provide further sectoral breakdowns of
economic activity.

Further information is added on innovation capacity and technological readiness
based on the Global Innovation Index (WIPO, 2026). These datasets are used as the
structural building blocks to calculate sectoral exposure to Al-driven productivity
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gains. The main sectors of Kazakhstan's economy are industry, trade, transport,
agriculture, finance and real estate, health care, communications and energy. This
classification is consistent with the national reporting standards for accounts and
GDP structure.

Each sector is analyzed in terms of:

e Contribution to GDP (sectoral volume)

e Functional composition of business activities (manufacturing, risk
management, supply chain, product development),

e Suitability for Al adoption based on digitalization intensity.

The conceptual model of the proposed sectoral approach to estimating the
economic impact of artificial intelligence is shown in Figure 1. The model starts
by dividing the national economy into its main sectors such as industry, trade,
finance, agriculture and energy. In addition, each sector has a specific group of
business functions—including manufacturing, risk management, supply chain
operations, and product development—that are key areas where Al technologies
impact productivity. There are impact coefficients (Imin and Imax) that indicate
the level of transformation related to Al, based on the productivity gains found in
empirical research. These factors are used on specific functional structures of each
sector to calculate potential gains in efficiency. The model output is the impact
on the economy of the sector, as a range of expected changes in revenue or GDP
contribution (Rimin and Rimax). This approach allows for a process-oriented
mapping of the impacts of the use of functional Al into macroeconomic results.

1. ECONOMIC SECTORS

Decomposition of the national economy into major sectors

Wd = M @~

Industry Trade Finance Agriculture Energy

]

2. BUSINESS FUNCTIONS (Fy)

Functional composition of business activities within each sector

& © ., 93

Risk Supply chain Product and/or
G=1) =2 management service development

G=3) G=4

3. Al IMPACT COEFFICIENTS (I;;)

Range of productivity gains from Al adoption based on empirical studies

1 min aal 1 max Minimum and maximum impact
ij ij coefficients (% of sector revenues)

4. SECTORAL GDP IMPACT (R;)

/ Estimated economic impact for each sector
I Minimum and maximum

R — Rimu sectoral impact
(billion USD)

\
i - industry sector V; - sector volume (billion USD) '
j - business function index (1 to 4) Iy - Alimpact coefficient (%) !
F,; - assessment of function j in sector i (%) R; - sectoral economic impact (billion USD)

i

Figure 1 — Conceptual framework of sectoral Al impact estimation model.
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To estimate the economic impact of Al, a functional model is applied
based on sectoral revenue and Al-induced efficiency gains. The potential
economic effect is calculated using the following formulation:

RP™(V, Fyl) =V, max,(Fy) - I,

e
R;nn.r [Vz! F, '{i] = I - mm}[ﬂ}] ' Ii?ﬂﬁ.x

L

where

i — industry sector; j — business function index: 1 — manufacturing, 2 —
risk, 3 — supply-chain management, 4 — product and/or service development;
F;; — assessment of business function j for industry i, as a percent of respondents;

V, — sector volume in billion USD; I/™", I/*** — minimal and maximal impact
as % of industry revenues

The impact coefficients are based on empirical research on the productivity gains
of Al in various industries, including industry-level assessments of Al adoption and
enterprise-level surveys (Zhao, 2018; McKinsey and Company, 2023).

The coefficients F and I are not Kazakhstan-specific. They are derived from
international enterprise surveys and are used in this study as proxy parameters in
the absence of representative firm-level data for Kazakhstan. Consequently, the
results should not be interpreted as direct empirical evidence of the current level
of Al adoption in Kazakhstan. Rather, they represent an indicative estimate of
potential gains under externally benchmarked productivity assumptions.

The maximum value across business functions is used to identify the dominant
Al-relevant functional channel within each sector. This conservative procedure
is adopted to avoid double counting, since Al applications in production, risk
management, supply-chain management, and product or service development
may overlap within the same enterprises and business processes. Therefore, the
model does not assume that all functional effects are additive. The use of the
maximum coefficient should be interpreted as a simplifying assumption for a first-
order sectoral estimate rather than as a complete representation of all Al-related
productivity channels.

The model is based on several key assumptions. First, it assumes that the use of
Al technologies will be incremental rather than comprehensive across all industries,
which is suitable for most developing and resource-based economies with
pragmatic limitations in widespread adoption. Second, the sectoral composition of
GDP is fixed during the estimation period — i.e., the effects of the structural change
resulting from Al or other structural changes are ignored explicitly. Third, impact
coefficient values calculated with the aid of Al on the basis of international empirical
studies are assumed to be transferable to Kazakhstan, however, it is recognized that
among economies there are structural differences that may cause deviation from
the estimated impact coefficient. Fourth, sectoral effects are considered separately,
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while possible inter-sectoral effects or feedback are not incorporated into the
estimation framework. These assumptions are in line with the existing methods in
the macroeconomic evaluation of Al implementation (OECD, 2023; Mannuru et
al., 2023).

Alternative aggregation rules may produce different estimates. An additive
approach would likely overestimate the impact because of overlapping Al
applications across business functions. A weighted-average approach would be
methodologically preferable, but it requires firm-level or sector-specific data on
the relative importance of business functions in Kazakhstan, which are currently
unavailable. For this reason, the maximum-based specification is retained as a
transparent and conservative baseline.

The analytical procedure is carried out in four stages. First, macroeconomic
data is collected and normalized, and attention is given to the structure of GDP and
the role of the various sectors of the national economy. The second phase involves
identifying the functions in the business that are relevant to Al and mapping them to
the different sectors of the economy to pinpoint areas where businesses can benefit
from Al and intelligent systems for improved productivity. In the third step, Al
impact coefficients are applied to each sector to estimate potential productivity gains
at both the minimum and maximum levels. The final stage involves consolidating
results from the various sectors to calculate the overall potential economic impact
of using Al at the national level. The estimates obtained are expressed in absolute
monetary units (USD) and in relative terms (as percentage of GDP) for ease of
comparison with international benchmarks and cross-country studies.

There are several limitations in the proposed methodology which should be
taken into account when interpreting the results. It does not explicitly consider
dynamic feedback effects in the system between the sectors and long-term
structural shifts which could occur due to the widespread use of AIl. Moreover, Al
impact coefficients are derived from external sources and may create estimation
bias since they are derived in different institutional and economic conditions.
Moreover, micro level firm data are not included in the approach that could offer
more detailed knowledge about the different effects on productivity at the firm
level. The proposed assessment should therefore be interpreted as a potential rather
than observed estimate of the economic effect of Al adoption in Kazakhstan. The
reported range reflects variation in minimum and maximum impact coefficients, but
it does not represent a full probabilistic uncertainty interval. The model also does
not include implementation costs, differences in firms’ technological readiness, or a
sensitivity analysis with respect to all possible methodological assumptions. These
limitations define the results as an indicative baseline for further empirical research
rather than as a definitive measurement of Al adoption effects in Kazakhstan.

While it has its constraints, the approach can be considered a first-order
approximation in an economy centered around resources like Kazakhstan, offering
an analytical starting point for future empirical studies as well as policy-oriented
research.
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Results. The results of the sectoral assessment indicate that the economic impact
of artificial intelligence (Al) in Kazakhstan is highly concentrated in a limited
number of large-scale sectors. As shown in Figure 2, the national economy is
strongly resource-oriented, with industry (including extractive activities), trade, and
transport forming the dominant components of GDP. This structural configuration
largely determines the distribution of potential Al-related gains.

Mining. Qil and gas

Mining. Other minerals

Industry. Oil refining

Health care
: Education
Other activities 15.6% (26 )
s Agriculture and fishing
10.7% (18) Building
1M1.7%(19)
Industry. Other production 4
Ty P Transport and communication

Finance and real estate
Figure 2 — Structure of Kazakhstan’s GDP.

Theresults of the estimation (Table 1) show thatthe economic impactofusing Al is
greatestin the industrial sector, where the potential increase in value ranges from USD
0.62 to 0.96 billion. The large percentage of manufacturing-oriented activities such
as production optimization, predictive maintenance and supply chain automation,
are the main factors behind this outcome. Trade is the second major contributor
with estimated gains ranging from USD 0.35 to 0.63 billion, underscoring the
potential of Al in logistics optimization, demand forecasting, and risk management.
Given the functioning of the industries in Kazakhstan, the economic prospects of
the use of Al in the Republic of Kazakhstan can be assessed (Table 1). In the table:
Fj— Manufacturing, F>— Risk, Fz— Supply-chain management, Fy— Product
and/or service development.

Table 1 —Estimated economic effect of Al by sector.

Branch of the economy V Fy |Fy |F3 |Fy4 | pmax| pmin | pmax
Industry 48.77 149 |2 11 39 [2.6 |4.0 [0.62 |0.96
Trade 29.18 |7 9 38 13 |3.2 |5.7 10.35 10.63
Transport 14.49 |14 4 18 |34 149 |64 10.24 10.32
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Branch of the economy v Fy |Fy |Fy |Fy | ™0 mex| gmin [ pmax
Agriculture and fishing 7.66 |*30 |- - - 12.4 13.7 [0.06 10.09
Finance and real estate 19.93 |6 40 |7 126 (2.5 |52 ]0.20 [0.41
Health care 4.85 |9 19 |21 |28 [2.9 |3.7 ]0.04 ]|0.05
Communication 3.62 |22 |23 |26 |45 2.9 |6.3 |0.05 |0.10
Power supply 323 |19 [14 |14 [41 |1.8 |1.9 |0.02 [0.03
Note: compiled by the authors based on (Bureau of National Statistics, 2026; McKinsey and
Company, 2023). * Approximate value.

Under the adopted assumptions, the indicative potential gains from Al
technologies in Kazakhstan are estimated at USD 1.6-2.59 billion, or 0.9-1.5% of
GDP. This range should be understood as a model-based scenario estimate rather
than as a direct measurement of realized economic gains. The transport sector
shows high potential and pledges estimated benefits ranging from USD 0.24 to 0.32
billion. This is connected to route optimization, fleet management and predictive
analysis on infrastructure usage. The three sectors make up the bulk of the national
estimated Al-driven economic impact.

Other industries, such as finance, agriculture, communications, health care, and
energy, show comparatively smaller, but significant contributions. In the cases of
agriculture and healthcare, the absolute increases in efficiency are comparatively
small, because the size of the sector is comparatively small and the level of
digitalization is comparatively low. Finance, by contrast, demonstrates relatively
strong efficiency gains. The aggregated results indicate that the total potential
economic impact of the use of Al in Kazakhstan can be from USD 1.6 billion
to USD 2.59 billion per year, or about 0.9% — 1.5% of the national income. The
estimate is significant because it indicates that the use of Al, even to a limited
extent, can have meaningful macroeconomic impacts, especially in industries with
significant industrial and logistics components.

The benefits of these gains, however, remain unevenly distributed, and there
is clearly a focus on sectors already structurally dominant in the economy. The
result shows that the current use of Al is more of an efficiency tool, rather than a
driver of structural change. The findings observed were consistent with the results
in international studies, which also predicted a very economy-specific effect of
Al (Zhao, 2018; McKinsey and Company, 2023). For Kazakhstan, the reliance on
resource extraction and logistics demands heightens the operational optimization
impact of Al, while also curbing its potential for transformation.

Discussion. The GDP structure is still dominated by resource-based industries,
leading to the highest gains in Al in the industry, trade and transport sector, as
shown in Figure 2. This supports the hypothesis that adoption of Al in resource-
oriented economies will reinforce existing patterns of structure rather than disrupt
them. Meanwhile, the relatively smaller (but not insignificant) impact of finance,
health care and communications suggest that pathways of diversification are
beginning to operate. These industries are more closely tied to data-intensive and
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knowledge-based activities, and are more likely to be sensitive to generative Al and
large language models in the long run.

Large Language Models (LLMs) and Generative Al add a new layer of economic
analysis. GenAl systems are different from conventional machine learning systems,
which are traditionally used for prediction and classification, and can be used to
create content, make decisions, and automate cognitive tasks in various areas.
These technologies can broaden the scope of the use of Al in Kazakhstan's sectors
such as finance, public administration, healthcare, and education. However, their
economic role is still limited due to the infrastructure constraints and lack of
specialized human capital and data. This is consistent with the global research that
shows a wide disparity in the rate of uptake of advanced Al tools by countries and
industry sectors (Raiaan et al., 2024; Mannuru et al., 2023).

The results found are in line with findings from other high-resource countries
utilizing Al to enhance extraction, distribution and operational efficiency, but not
for structural transformation. In fact, as seen from the experience of countries
around the world including Norway, Saudi Arabia and Chile, increased gains from
the adoption of Al technologies can be realized in the long term, when accompanied
by institutional development and diversification strategies.

On the other hand, countries with a major dependence on resource extraction,
without the presence of any high technology industry, experience low multipliers.
This further confirms that there is a need for complementary reforms in education,
innovation policy and institutional capabilities to transform the economic fabric
alongside the role of Al

The findings indicate that the use of Al in Kazakhstan should not be limited
to individual sectors, as it also needs to transform the system. The maximum
economic benefits will likely be realized through the combination of industrial
diversification, human capital investment and building digital infrastructure in
support of Al adoption.

It is crucial to pay special attention to creating conditions for scaling Al beyond
extractive industries, such as developing national data ecosystems and supporting
innovation-driven industries. If these steps aren't taken, Al will continue to be
viewed as a means to incremental efficiency gains and won't usher in a permanent
economic restructuring.

In general, the outcomes show that the economic value of Al is promising but
not uniform in Kazakhstan. Results indicate a macroeconomic relevance of up
to 1.5% of GDP, but with a high focus of benefits in the few sectors, it shows
limitations in the economic structure based on resources. The results also indicate
a need for synergic technological, institutional, and educational changes in order to
move from an efficiency to an Al-driven transformation.

Conclusion. The study focused on the economic opportunities and structural
factors affecting the implementation of artificial intelligence (Al) in the context
of the economy of Kazakhstan, which is dominated by the extractive sector and is
relatively undeveloped in terms of its high-tech component. The research employs
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a sectoral decomposition methodology and estimates of Al productivity gains at
the international level to give a ballpark figure of the potential macroeconomic
effects of Al in major sectors of the economy. Under the adopted assumptions, the
model-based scenario estimate suggests that the potential economic impact of Al
adoption could reach USD 1.6-2.59 billion, or roughly 0.9%—-1.5% of GDP per
year. This estimate should be interpreted as an indicative potential effect based on
international productivity coefficients and Kazakhstan’s current sectoral structure,
not as an empirical measurement of the current level of Al implementation in
Kazakhstani enterprises. The biggest absolute improvements are found in industry,
trade and transport, driven by the criticality of the field and the significant role of Al
for optimisation. These other sectors include finance, communications, healthcare,
agriculture and energy, and show potential benefits albeit on a smaller scale, in areas
including data processing, risk management, and decision support. The study also
revealed that the potential impact of Al on the country's economy is structurally
limited by the national economy. Current use of Al is mostly about optimizing
processes within existing industries and sectors, and is not yet transformative. If
Al isn't diversified, it could further reinforce the current economic trends and not
usher in a knowledge economy. The study also reveals that new technologies like
Generative Al and large language models bring more possibilities for the use of
automation than with conventional technology. While these technologies have
special significance for the finance sector, public administration, healthcare and
education, their successful implementation requires access to digital infrastructure,
qualified human resources and good national data ecosystems. The study indicates
that the economic prospects of Al in Kazakhstan will depend on the extent and speed
of its adoption and the scale of institutional reforms and strategic diversification
measures. To turn Al from an efficiency tool to a catalyst for sustainable economic
development, it is crucial to build up the capacity of RandD, invest in digital
skills, and promote innovation ecosystems between sectors. Additional studies will
require more detailed micro-level information, dynamic modelling of inter-sectoral
effects and analysis of the cumulative impacts of generative Al technologies, which
are likely to have a growing influence in driving economic outcomes in resource-
rich nations.
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