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RISK MANAGEMENT OF LARGE-SCALE MINING PROJECTS: THEORETICAL
FOUNDATIONS AND A BIBLIOMETRIC LITERATURE REVIEW

Abstract

The relevance of this study stems from the growing importance of large-scale mining projects in
Kazakhstan’s economy and the increasing complexity of their geological, technological,
environmental, financial, organisational, and country risks. This requires a systematic synthesis of
global and domestic knowledge on risk management.

The paper aims to systematise the theoretical and methodological foundations of risk
management in large-scale mining projects and identify gaps in the scientific literature specific to
Kazakhstan. The methodology combines a structured literature review with elements of bibliometric
analysis. Publications indexed in Scopus, Web of Science, Google Scholar, and CyberLeninka from
1921 to 2026 were examined, with a substantive focus on 1996-2026. Following relevance screening,
a corpus of 40 sources was analysed by publication period and thematic cluster and subjected to
qualitative narrative synthesis.

The review shows that risk-management theory is well developed, from Knight’s distinction
between risk and uncertainty to ISO 31000, ISO/IEC 31010, PMBOK, and COSO ERM. Mining-
project risks are also represented through an established four-dimensional classification covering
geological, technological, economic-managerial, and environmental risks. This study systematises this
classification for Kazakhstan rather than presenting it as original.

The bibliometric analysis indicates growth in publications during 2023-2026, which account for
11 of the 40 sources. Recent research focuses primarily on digitalisation, including the Internet of
Things, digital twins, predictive analytics, and blockchain. However, Kazakhstan’s literature remains
fragmented, predominantly general economic in nature, and lacks dedicated empirical studies based
on major domestic mining enterprises. To address this gap, the paper proposes a conceptual model
and three working hypotheses for subsequent empirical research. The findings provide a theoretical
foundation for future studies of risk management in Kazakhstan’s large-scale mining projects.

Keywords: risk management, mining industry, large-scale projects, bibliometric analysis,
digitalization, country risk
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YIIPABJIEHUE PUCKAMMU KPYITHOMACHITABHbBIX 'OPHOJOBbIBAIOIIIUX
MPOEKTOB: TEOPETUYECKHUE OCHOBBI U BUBJINMOMETPUYECKUI
OB30P JIMTEPATYPbI

Annomayus

AKTyallbHOCTh HCCIIEIOBaHUSI O0YCJIOBJIEHA BO3PACTAaIOLICH POJIBI0 KPYIHBIX TOPHOJOOBIBAIO-
IIUX HPOEKTOB B 3KOHOMHUKE KazaxcraHa M YCIO)XKHEHUEM CBSI3aHHBIX C HUMH TI'€OJOIMUYECKUX,
TEXHOJIOTUYECKUX, SKOJIOTUYECKHX, (DUHAHCOBBIX, OPTaHU3ALMOHHBIX U CTPAHOBBIX PHCKOB. JTO
TpeOyeT CHCTeMaTH3aluu MEXIyHApOJHBIX M OTEYECTBEHHBIX HAYYHBIX 3HAaHWA B 00JACTH
yIIPaBJICHUS] PUCKAMH.

[lenp uccnenoBaHMs 3aKJIIOYAETCS B CHCTEMAaTU3allUd TEOPETUKO-METOJOJIOIMUYECKUX OCHOB
yIIPaBJICHUS] PUCKAMU KPYIHBIX TOPHOAOOBIBAIONINX MPOEKTOB M BBISABICHUH MPOOEIOB B HAYYHOU
JIuTepaType NpuMeHuTeNbHO K Kasaxcrany. MeTomonorust ocCHoBaHa Ha CTPYKTYPHPOBaHHOM 0030pe
JUTEpaTypbl C DJJIEMEHTaMH OMOJMOMETPUYECKOro aHaiu3a. PaccMoTpeHbl mIyOJIMKanuwy,
npencraeieHnbie B 6azax Scopus, Web of Science, Google Scholar u CyberLeninka 3a 1921-2026
rOJIbl, C OCHOBHBIM akiieHTOM Ha mepuop 1996-2026 romos. Ilocme orGopa 1o peneBaHTHOCTH
kopryc u3 40 MCTOYHMKOB ObLI MPOAHAJU3UPOBAH IO MEPUOAAM IYOJIMKALKMU U TEMaTUYECKUM
KJIacTe€paM C MOCJIEAYIOUIMM KaYECTBEHHBIM HAPPATUBHBIM CUHTE30M.

O0630p nokasai, 4To TEOpHsl YIpaBJIEHHUs PUCKAMU JIOCTATOYHO Pa3BUTa — OT pa3rpaHUYEHUS
pucka u HeomnpeaenéHHoctT @. Haiitom no cranmaproB ISO 31000, ISO/IEC 31010, PMBOK u
koHueniuu COSO ERM. Pucku ropHOAOOBIBAIOMIMX IPOEKTOB MPEACTABICHBI YCTOSIBIICHCS
YeThIpEXMEPHON KiaccuuKkaruen, BKIIOYAIOIE IeoJorndeckrue, TEXHOIOTHUECKHEe, YIKOHOMUKO-
yIpaBIEHYECKHME M  HOKOJIOTMYECKWe pHUCKM. B ucciegoBaHuM  JaHHas — KiacCH(UKaIUS
CHCTEMaTH3MPOBAaHA IPUMEHNUTENBHO K Ka3axcTaHy v He paccMaTpHUBaeTCsl KaK aBTOPCKasl.

bubnmomerpruyeckuil aHaiau3 BBISBUI POCT KojuuecTBa myonukanuii B 2023-2026 rogax: Ha
atoT mepuop npuxoautcs 11 n3 40 mcrounukoB. COBpeMEHHBIE MCCIEIOBAHUSA COCPENOTOUEHBI
MIPEUMYILIECTBEHHO Ha LIM(POBU3ALIMN YIPABICHUs PUCKaMU C WCIOJIb30BaHWEM VHTepHeTa Belleil,
IU(POBBIX JBOMHHMKOB, TMPOTHO3HOM aHAJIMTUKU M OjokuyeiHa. Bmecte ¢ TeM Ka3zaxcraHckas
nuTepaTypa octaércsi parMeHTapHON, HOCUT MPEUMYIIIECTBEHHO OOIIEIKOHOMHYECKUM XapaKTep U
NPAaKTUUECKH HE COACPXKUT CHELUUATbHBIX SMIUPUYECKHX MCCIEIOBAaHUN Ha 0a3e KpYMHBIX
OTEYECTBEHHBIX TOPHONOOBIBAIOIIMX MNpeAnpusTHil. s ycTpaHeHHs BbISBIEHHOrO Mmpodena
NPEAJIOKEHbl KOHLENTyallbHasi MOJAENb W TPH pabodyue TUHOTe3bl NAIbHEHIIEero 3MIMPUYECKOro
UCCIIEIOBaHMSL.

KnioueBble cioBa:  ynpaBleHHE  pHCKaMH, TOPHOAOOBIBAIOIIAS  MPOMBIIUIEHHOCTD,
KpYITHOMACIHITaOHbIE TPOEKThI, OMOINOMETPUUECKUI aHAIN3, TU(PPOBU3ALMS, CTPAHOBOM PHCK.
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IPI TAY-KEH ’KOBAJIAPBIHIAT'BI TOYEKEJIJIEPIAI BACKAPY:
TEOPUAJIBIK HET'I3IEP ) KOHE 9J/IEBUETKE BUBJIMOMETPUSAJIBIK LIOJIY

Anoamna

3eprreynin e3ekTiniri Ka3zakcraH SKOHOMUKACBIHAAFBI ipi Tay-KeH *KOOalapbIHBIH MaHbI3bIHBIH
apTYbIMEH XOHE OJIApFa TOH T'€OJIOTHSUIBIK, TEXHOJOTHSIIBIK, SKOJOTHSIBIK, KAP)KbUIBIK, YHBIMIAC-
TBHIPYIIBUIBIK JKOHE K TOyeKeNAepiH KypAeiaeHyiMeH ailkplHaanaasl. by toyekennepai Oackapy
YKOHIHJIET] XAIIBIKAPAJIBIK JKOHE OTAH/IBIK FRUIBIMU OLTIMJII XKYHeTi Typ/ie )KUHAKTay bl Tajarl eTeli.

3epTTeyliH MakcaThl — ipl Tay-KeH >oOallapbIHAarbl TOyeKeNnAepAl OacKapyablH TEOPHUSIIBIK-
o/liCHAMAJIBIK HETI3NepiH Kyheney jkoHe KaszakcranFa KaThICThI FBUIBIMH OICOMETTErl 3epTTey
OJIKbUIBIKTAPbIH aHBIKTAy. OJicHaMa OMOIMOMETPUSIIBIK TallAay 3JIeMEHTTepl 0ap KypbUIbIMIAIFaH
omebu tmromyra Herizgenmmi. Scopus, Web of Science, Google Scholar xone CyberLeninka
O0azaapeiHaa 1921-2026 kpUigapsl KapuslaHFaH eHOSKTep KapacThIPbUIBII, HEri3ri Hazap 1996—
2026 xpuigap apajbiFblHA aylapbUibl. PeneBaHTTHUIBIK OOWBIHIIA ipikTeyneH keliH 40 mepexke3
KapUsJIaHy Ke3eHIepl MEH TaKbIPBIITHIK KiacTepiep OOHbIHINA TajlaHbII, calajiblK HappaTHBTIK
CHHTE3 KYPTi3iii.

Hlomy HallTTeIH Toyeken MeH Oenrici3/iik apachlHAarsl ailblpMaiibuiblFbiHad Oactan ISO 31000,
ISO/IEC 31010, PMBOK xone COSO ERM crangapTrapsl ME€H TY>KbIpbIMJaMallapblHa JEHIHT1
ToyeKkenaepal 0ackapy TEOpUSCBHIHBIH >KETKUTIKTI JaMbIFaHbIH KepceTTi. Tay-KeH XoOadapbIHbIH
TOyeKeNepl TeOJNOTHSIIBIK, TEXHOJOTHSIIBIK, SKOHOMHKAJIBIK-0aCKapYIIBUIBIK JKOHE JKOJOTHSIIBIK
ToyeKeNJepli KaMTUTBIH KaJlbIITaCKaH TOPT OJIIEeMAl KIKTey apKpUIbl Kyienenai. byn xikrey
3epTTey/e aBTOPIBIK >KaHAIBIK peTiHae eMec, KazakcraH skarmaiibiHa OeHIMICITeH TEOPHUSIIBIK HET13
peTiH/ie YCHIHBUIABI.

bubnmomerpusnbik Tanaay 2023—2026 xbliiapbl KapusiIaHbIMIAP CaHBIHBIH ©CKEHIH KOPCETTI:
ocsl ke3eHre 40 nepekkesin 11-1 Tuecuni. COHFBI 3epTTeyIep/e 3aTTap HHTEPHETI, HUQPIIbIK eri3aep,
OoJDKaMIbIK aHAJTUTHKA JKOHE OJIOKYEHH HEeTI31HJET! Toyekenaepai HudpiblK Oackapyra 0achIMIbIK
Oepinred. Kazakcranaplk ofedueT (pparMeHTTIK CHUMaTTa KaJbll, ipi OTAHIBIK Tay-KeH KOCIIOpBIH-
JapblHAa HETI3EIAreH apHaibl ASMIUPHUKAIBIK 3€pTTeyNiep >KETKUIKCI3. AHBIKTAJFaH OJIKbUIBIK
HETI31H/1e KeHIHT1 SMIUPUKAIBIK 3epTTEYre apHaIFaH TYXKbIPIMIAMAIBIK MOJIEb MEH YII JKYMBIC
THITOTE3aChl YCHIHBUIIBI.

Tyiiin ce3mep: Toyekennepai 6ackapy, Tay-KeH OHEpKICiOi, ipi xobamap, OMOIHOMETPHUSIIBIK
Tanaay, MUQpIaHabIPy, eIIIK TOYeKe.

Introduction

The development of deposits by open-pit and underground methods, the construction of mining
and processing plants and the commissioning of new processing capacities remain among the key
drivers of industrial production, export revenues and employment in the economy of Kazakhstan.
These projects are characterised by high capital intensity, multi-year investment cycles, irreducible
geological uncertainty, and increased sensitivity to swings in global commodity markets. Thus, the
management of related risks is not an additional activity, but a system-forming management function.
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The spectrum of risks affecting such projects has broadened considerably over the past decade: in
addition to traditional geological, technological and environmental risks, cyber risks have emerged,
originating from the digitalisation of production processes, as well as country and political risks,
which are particularly relevant for projects implemented in jurisdictions with developing institutional
environments.

The theory of risk management has been developed over the past century — from F. Knight’s
classic distinction between risk and uncertainty (Knight, 1921) to the modern international standards
ISO 31000 (International Organization for Standardization [ISO], 2018) and ISO/IEC 31010
(International Organization for Standardization [ISO] & International Electrotechnical Commission
[IEC], 2019) , the PMBOK® body of knowledge (Project Management Institute [PMI], 2017) , and
the COSO ERM framework — and provides a mature methodological foundation applicable across a
wide range of industries. However, the integration of this theoretical apparatus with the industry-
specific features of mining projects on one hand, and with the institutional, geological and climatic
context of individual emerging market countries on the other, remains the subject of an actively
developing, yet still fragmented, academic debate. Special attention has recently been paid to the
impact of digital technologies (Internet of Things, digital twins, predictive analytics, big data and
blockchain) on mining companies’ risk-management models and practices.

The article aims to systematise the theoretical and methodological bases of risk management in
large-scale mining projects, and through a structured review of the literature, which contains elements
of bibliometric analysis, to identify a gap in the existing body of scientific knowledge as applied to
Kazakhstan. The proposed approach supplements the substantive analysis with a descriptive
bibliometric profile of the selected publications — their distribution by publication period and thematic
area, unlike a traditional narrative literature review limited to a sequential account of individual
sources. This allows a more objective trace of the development of research interest and a more precise
identification of the present gap. The combination of systematic review and bibliometric analysis is a
well-established format in the current international practice. Similar methodological approaches have
been applied, in particular, in a bibliometric study of the relationship between sustainable
development and risk management based on 1,233 publications in Scopus; in a systematic review and
bibliometric analysis of enterprise-wide integrated risk-management research; and in a recent review
of barriers to digitalisation in the mining industry carried out under the PRISMA protocol with
bibliometric elements and based on 41 publications in Web of Science and Scopus.

To this end, the following objectives were taken into account:

1) To present and apply a methodology for structured selection and bibliometric characterisation
of relevant publications;

2) To organise the conceptual and theoretical basis of risk management and carry out a
comparative analysis of the main international standards and frameworks;

3) To identify the industry-specific risks of large-scale mining projects and to systematise the
classification of such risks established in the international literature as applied to the conditions of
Kazakhstan;

4) To analyse modern models and digital technologies of risk management in the mining industry;

5) To assess the country and political risks of mining projects in developing countries;

6) To explain the institutional context of Kazakhstan and point to the empirical gap;

7) To develop a conceptual model for further empirical research.

Materials and methods

The research was carried out as a systematic literature review with elements of bibliometric
analysis. The format is methodologically somewhere between a traditional narrative review and a
formal systematic review following the PRISMA protocol that involves exhaustive data extraction
from bibliographic databases using specialised software. Such a format was defined by the specifics
of the research task: the article is theoretical and based on review, and does not contain a quantitative
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meta-analysis of effects. At the same time, systematising a rapidly growing and thematically diverse
body of publications requires elements of descriptive bibliometric statistics in addition to qualitative
narrative analysis.

Scopus, Web of Science and Google Scholar were used to search for publications, and
CyberLeninka and eLibrary.ru were used additionally for Kazakhstani and Russian-language sources.
The search was conducted from 1921, when F. Knight’s seminal work was published until 2026, with
a substantive focus on publications between 1996 and 2026. The search strategy was a combination of
keywords in English and their Russian-language equivalents: ("risk management" OR "enterprise risk
management") AND ("mining" OR "mining industry" OR "mining project") AND (ISO 31000 OR
PMBOK OR COSO OR digitalisation OR Kazakhstan OR "developing countries" OR "emerging
markets"). Russian terms for risk management, mining, digitalisation and Kazakhstan were also
searched for. The criteria for including a source in the final corpus were as follows:

a) substantive relevance to risk theory, international risk-management standards, industry-specific
risks of mining projects, digital risk-management technologies, or country/political risks of
developing economies;

b) the peer review or institutional standing of the source (an international standard, a report of an
international organization or an official government website);

¢) for domestic sources, the relevance to risk management, industrial safety or digitalisation of the
Kazakhstan mining industry.

Publications that were not directly substantively relevant to these areas, and sources that were
duplicative of one another in content, were excluded from analysis.

Source selection proceeded in two stages. At the first stage, the titles and abstracts of the
publications retrieved from the databases listed above were screened for their thematic relevance to
the topic of the study. At the second stage, publications that passed the initial screening were assessed
in full text against inclusion criteria (a)—(c) above; at this same stage, sources that duplicated one
another in content were identified and removed. Publications that failed to meet the inclusion criteria,
or that duplicated sources already included, were excluded from the final corpus.

Therefore, the final corpus consisted of 40 sources: international standards and bodies of
knowledge, peer-reviewed articles in international journals, monographs and educational publications,
analytical reports of international organisations and consulting firms, official materials from
government bodies and industry regulations of the Republic of Kazakhstan. The selected corpus was
analysed through descriptive bibliometric analysis in two dimensions:

1) distribution of sources by publication period, which makes it possible to trace changes in
research interest over time;

2) distribution of sources into six substantive thematic clusters revealed by qualitative coding of
each publication: "international standards and general risk theory", "industry-specific mining risks",
"digital risk-management technologies", "country and political risks of developing economies",
"Kazakhstan's institutional context", and "review and bibliometric methodology". The boundaries of
the thematic clusters were defined deductively, on the basis of the study's objectives (see items 2—6
above), and refined inductively as the content of the sources was reviewed. Each source was assigned
to a single cluster corresponding to its main (dominant) substantive contribution; publications
addressing several themes at once were assigned to the cluster that most fully reflected their central
research problem. Coding of sources was carried out by one of the authors on the basis of a full-text
reading of each publication, with a sample of results cross-checked by a second author.
Characteristics of the leading sources in the selected corpus were also identified.

Based on the theoretical foundations and the structured literature-search methodology set out
above, the following conceptual model for further empirical research is proposed (Figure 3); it will be
examined against the results of the bibliometric analysis in the following section. The model rests on
the premise that the maturity of a large-scale mining project's risk-management system is shaped
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jointly by Kazakhstan's institutional, geological and climatic context and by the degree of
digitalisation of risk management, with digitalisation simultaneously giving rise to a new risk
category — cybersecurity of the industrial Internet of Things; in turn, the maturity of the risk-
management system determines project performance and sustainability, and this relationship is
moderated by country and political risk specific to Kazakhstan's institutional context. Within this
model, the following working hypotheses are advanced:

Kazakhstan's institutional, Digitalisation of risk
geological and climatic management (loT, digital
context twins, predictive analytics)

Maturity of the mining
project's risk-management

system New risk category
(cybersecurity of
industrial loT)

Country and political risk
(institutional context)
Performance and sustainability

of the large-scale mining
project

Figure 3 — Conceptual model for further empirical research (compiled by the authors)

H1. Kazakhstan's institutional, geological and climatic context requires substantive adaptation of
international risk-management standards (ISO 31000, PMBOK, COSO ERM); consequently, the
maturity level of risk-management systems at large domestic mining enterprises differs significantly
from the level implicitly assumed by the direct (unadapted) application of these standards.

H2. The adoption of digital risk-management technologies (Internet of Things, digital twins,
predictive analytics) is positively associated with the maturity of a mining project's risk-management
system, and is simultaneously accompanied by the emergence of a new risk category — cybersecurity
of the industrial Internet of Things — that requires separate treatment within the corporate risk
register.

H3. Country and political risk specific to Kazakhstan's institutional context significantly
moderates the relationship between the maturity of the risk-management system and the performance
(sustainability) of a large-scale mining project.

Testing hypotheses HI-H3 is the subject of the subsequent empirical stage of the research and
falls outside the scope of the present structured literature review.

Results and discussion

The distribution of selected sources by publication period demonstrates a clear, but not strictly
monotonic, increase in the research interest in mining-project risk management over the last fifteen
years (Figure 1). The last corpus had six sources published before 2016 and eight published in 2016-
2019, while the period 2023-2026 contributed 11 publications, the highest number of all periods. This
indicates an increasing academic interest in the setting of the fast-paced digital transformation of the
mining industry and the increasing geopolitical uncertainty in commodity markets.
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Number of Sources

Before 2016 2016-2019 2020-2022 2023-2024 2025-2026
Publication Period
Figure 1 — Distribution of selected sources by publication period
Note: compiled by the authors

Thematic structure of the selected corpus (Figure 2) shows that the two most widely represented
clusters are “international standards and general risk theory” (10 sources) and ‘“Kazakhstan’s
institutional context” (10 sources). This corresponds to the dual aims of the review, which are to
systematise general theory and to identify a country-specific gap. The clusters “digital risk-management
technologies” and “country and political risks of developing economies” contain six sources each,
which indicates that these are some growing areas of study, but not comprehensively researched yet.
The cluster of “industry-specific mining risks” is formed by key works on classification and systematic
reviews of risk-assessment methods in the industry and contains five sources.

The methodological cluster combines examples of bibliometric reviews used to justify the design
of this study and contains three sources.

International standards
and general risk theory

Kazakhstani
institutional context

Digital technologies
of risk management

Country and political risk
in emerging economies

Industry-specific risks
in the mining sector

Review methodology
and bibliometrics

0 2 4 6 8 10 12
Number of sources (N = 40)

Figure 2 — Thematic structure of the selected publication corpus
Note: compiled by the authors
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Analysis of the distribution of sources by publication outlet shows that the selected research
articles were most frequently published in MDPI’s Applied Sciences and Resources Policy while the
ISO series of international standards is represented by two documents: ISO 31000 and ISO/IEC
31010. The other 31 sources each have only one publication and appear in a variety of outlets. Such
dispersion of publishing activity across a wide range of journals, reports, and institutional sources,
rather than concentration within a narrow set of specialised publications, is typical of a rapidly
growing interdisciplinary field.

In the mining industry, the theoretical basis of risk management takes on a number of important
industry-specific characteristics, due to the capital intensive and long-term nature of projects — from
the geological exploration through to mine closure — irreducible geological uncertainty, the
dependence of project economics on volatile global commodity prices, heightened industrial and
environmental safety requirements, and significant impacts on local communities and the
environment. Among the first comprehensive hierarchical classifications of risks in a new mining
project are those which group identified risks into broad categories and indicate that although risk-
management tools are widely used, a significant number of major mining projects fail precisely
because some risk categories are underestimated or overlooked (Badri et al., 2012). In a later
systematic review of risk-assessment methods in mining this classification is further developed by
identifying four broad dimensions: human-factor risks, equipment and technical-system risks, general
(managerial and economic) risks and environmental risks. It also demonstrates that the industry norms
and regulatory documents are mostly structured around the same division (Tubis et al., 2020).

In the last decade, classical risk-management models, which typically involve periodic expert
reassessment of the risk register (usually annually or quarterly), have been increasingly supplemented
by dynamic, data-driven approaches. This is a bigger paradigm shift from reactive risk management to
proactive and predictive management. The Internet of Things enables continuous data collection from
sensors installed on geotechnical structures (open-pit walls, tailings facilities), on mining transport
equipment, and in underground ventilation systems. This enables the switch from periodic visual
inspection to continuous real-time monitoring of slope stability and equipment condition. Among the
most promising directions for such monitoring, the literature considers the creation of adaptive IoT
platforms to predict the structural and environmental risks of tailings facilities. Digital-twin
technologies create a virtual model of a physical asset, which is updated in real time with streaming
sensor data. They are used by leading mining companies to simulate abnormal situations and predict
failures of equipment and infrastructure without affecting physically the real asset, as confirmed by a
systematic review of predictive maintenance, digital twin and intelligent asset management in mining
(Rojas et al., 2025).

Blockchain is considered as a means to improve data integrity and traceability in mineral supply
chains and thus to mitigate risks of information falsification as well as opaque interactions between
participants along the production chain. Artificial intelligence and machine-learning approaches
improve the capabilities of risk management with predictive analytics, anomaly detection systems,
and automation of risk assessment processes. A systematic review of artificial intelligence algorithms
and IoT platforms for predicting anomalies and failures in industrial equipment confirms that these
solutions improve the speed and evidential basis of management decisions in high-risk production
environments. At the same time, the expansion of digital infrastructure introduces new categories of
risk. The growing number of connected industrial devices increases the attack surface of critical
infrastructure. Therefore, cybersecurity for the Industrial Internet of Things should be included in the
scope of enterprise risk management as an independent risk category, and not to be treated solely as a
technical issue for the IT department (Mekala et al., 2023) . A separate body of work on country and
political risks of investment in extractive industries in developing markets should be paid attention.
Analytical materials of international insurance and consulting companies show that political
instability in a number of mining jurisdictions continues to create significant uncertainty for mining
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companies and their financial partners and stimulates the development of specialised political and
credit risk insurance instruments. Research into political-risk management by multinational
enterprises involved in infrastructure and resource projects in a variety of developing markets
explicitly labels this as a “under-researched” problem and calls for further research into political-risk
management mechanisms in international projects. One example is the Global Emerging Markets
Risk Database (GEMs Risk Database), which is an empirically based country-specific approach to
risk assessment. This consortium of development institutions and multilateral development banks
combines data on the realised credit risk of projects in low- and middle-income countries and finds
that this risk does not always match traditional sovereign-rating assessments. The findings underscore
the need for empirically-based methods of riskassessment rather than methods transferred universally
from developed economies (Global Emerging Markets Risk Database [ GEMs] Consortium, 2025).

Research on critical mineral and metal supply chains in emerging markets confirms the robustness
of the four-part classification of industry risk across levels of analysis from an individual project to a
national industry, and extends it to the supply-chain level, confirming the persistence of the issue at the
industry level. A study of risk-management practices in mining projects in Kwale County, Kenya
(Muthui et al., 2024) confirms the relevance of the identified patterns in an African context. In contrast,
a study on the relationship between risk-management practices and sustainability and performance of
construction projects in Brazil, India and South Africa shows that the relationship is still under studied
in developing economies, where institutional uncertainty and limited infrastructure make the
achievement of project sustainability objectives much more complex. This conclusion, though based on
the construction industry, is broadly applicable to the mining sector of the emerging-market countries
including Kazakhstan, where research in this field is now almost non-existent.

A diagnostic report by the World Bank Group on Kazakhstan's mining sector identifies a twofold
problem. On the one hand, the country holds a substantial resource base, with about 8,000 registered
deposits of solid minerals and hydrocarbons in the national register; on the other hand, it faces the
depletion of easily recoverable reserves amid insufficient investment in geological exploration, while
the economy as a whole remains highly dependent on extractive industries with limited
diversification. The report, however, provides a macroeconomic and institutional diagnosis of the
sector and does not offer a systematic methodology for identifying, assessing and mitigating risks at
the level of an individual large-scale mining project.

In Kazakhstan, research on risk management as an independent field is still scarce and is mainly of
a general-economic nature rather than industry-specific. R.K. Kaziyeva and M.A. Kusainova (Kaziyeva
& Kusainova, 2016), in their study of risk-management practice in Kazakhstan using the example of
franchising relationships, conclude that risk management at Kazakhstani enterprises ‘“has not yet
received proper development”, and that existing internal-control systems are often unable to provide a
complete picture of the scale of risks or prevent their materialisation (Balabanov,1996). The educational
and methodological publication by G.S. Myakenkaya and A.M. Seitkaziyeva provides a theoretical and
practical basis for managing project risks in Kazakhstani higher education, although it does not treat
mining projects as a separate object of research (Myakenkaya & Seitkaziyeva, 2015). Another strand of
domestic research addresses methods of industrial-risk assessment: S.S. Kudryavtsev and co-authors, in
a paper titled “The Development of a Risk Management System in the Field of Industrial Safety in the
Republic of Kazakhstan” published in an international peer-reviewed journal, confirm the existence of
an established methodological culture of industrial-risk assessment in Kazakhstan (Kudryavtsev et al.,
2018), while T.S. Kadyrzhanova examines international trends in occupational safety and health as
applied to domestic conditions and emphasises the importance of adapting international experience
rather than simply copying foreign solutions (Kadyrzhanova, 2024). This methodological culture,
however, remains tied to individual production factors (industrial safety, occupational health) and has
not yet been extended to an integrated risk-management system for the mining project as a whole.
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Practical introduction of digital technologies of risk management in the Republic of Kazakhstan is
still at the pilot stage. The phased digitalisation of separate segments of the production chain, without
the need for a simultaneous radical transformation of the entire enterprise, allows for the
implementation of projects such as the "smart quarry"”, "smart factory", "digital mine". Recent
publications in scientific journals indicate that the digitalisation of mining companies in Kazakhstan is
at an early but rapidly developing stage. A review of the current state and prospects for the
digitalisation of mining enterprises notes the uneven distribution of technology adoption by large and
medium-sized companies. A study of innovation and digitalisation in the mining industry of
Kazakhstan records at the same time productivity growth rates of about 15% at individual enterprises
with the introduction of digital solutions, despite the presence of institutional and investment barriers.
The need for digitalisation in the industry is related to harsh climatic conditions in the mining areas,
increased industrial-safety requirements and the lack of highly qualified personnel, according to the
official materials of the relevant government agency (Ministry of Industry and Construction of the
Republic of Kazakhstan, 2024) .The structured literature review, supplemented with the components
of bibliometric analysis, allows us to reveal the following gap in the existing scientific knowledge.
Although there is a well-developed general risk management theory (ISO 31000, PMBOK, COSO
ERM), and the international research on mining project risk management is growing, there is no
comprehensive study in the domestic and international literature that integrates the identification,
assessment and mitigation methods of large-scale mining project risks considering the specific
institutional, geological, climatic and technological context of the Republic of Kazakhstan and the
potential of modern digital technologies.

To plug the identified gap, a shift in focus from descriptive literature analysis to a testable
research model is needed, consistent with the conceptual model and working hypotheses (H1-H3)
already presented in the Materials and Research Methods section above (Figure 3).

Conclusion

The structured literature review with bibliometric analysis elements allows us to support several
conclusions: First, the theoretical framework of risk management is mature. From F. Knight’s classic
distinction between risk and uncertainty, to the international standards ISO 31000 and ISO/IEC
31010, the body of knowledge on PMBOK and the COSO ERM framework, a stable and internally
consistent methodological framework has emerged that is applicable to a wide array of industries and
management levels, from an individual project to a corporate board of directors.

Second, the international literature has comprehensively evaluated the industry-specific risks of
large-scale mining projects. They are capable of being systematised in a four-part classification of
geological, technological, economic-managerial and environmental risks, complemented by
quantitative tools for the evaluation of the investment performance under uncertainty and a qualitative
matrix of probability and impact in the early stages of a project. It should be emphasised that this
classification is systematised and adapted here to the institutional, geological and climatic context of
Kazakhstan, and is not presented in this article as an original development of the authors.

Third, the bibliometric analysis of the selected corpus of 40 sources revealed a stable increase in
research interest in recent years, with 11 out of the 40 sources published in 2023-2026. This interest
focuses on the digital transformation of risk management — the Internet of Things, digital twins,
Artificial Intelligence-based predictive analytics, and blockchain. At the same time, these
technologies create new types of risk, especially risks of cybersecurity of the Industrial Internet of
Things.

Fourth, country and political risks of mining projects in developing economies is a rapidly
expanding research area. This research is however, mainly concentrated in Sub-Saharan Africa and
Latin America in a geographical sense. The institutional, geological and climatic context of Central
Asia and in particular of Kazakhstan is highly fragmented in the literature.

48




Abau amwvinoazvr Kas¥I11Y-niy XABAPIIIBICHI « Oxonomuxay cepusicor Ne 3 (89), 2026 a.

Fifth, the Kazakhstani academic literature on risk management is mainly limited to the general-
economic studies and studies on industrial safety and occupational health. There is no systematic
study in the literature on the integration of international risk-management methodology, specifics of
large-scale mining projects, and potential of digital technologies in the Kazakhstani context.

The scientific novelty of this article does not lie in developing a new classification of mining-
project risks: the four-part classification used in the article (geological, technological, economic-
managerial, environmental risks) was already established in the international literature. The novelty
lies instead in: (1) applying a combination of structured bibliometric analysis and qualitative content
analysis to systematise the theoretical and methodological foundations of mining-project risk
management; (2) systematising and adapting this classification, together with international risk-
management standards (ISO 31000, PMBOK, COSO ERM), to the institutional, geological and
climatic context of Kazakhstan; (3) precisely localising the empirical gap in the Kazakhstani
academic literature on the topic; and (4) developing the authors' own conceptual model for further
empirical research, with three original working hypotheses (H1-H3). The practical significance of the
work is that the systematised theoretical frameworks and the proposed conceptual model are a direct
methodological basis for further empirical research at a large mining enterprise in Kazakhstan. The
research will include a qualitative diagnosis of the maturity of the existing risk-management system
and quantitative testing of the hypotheses formulated by means of structural modelling. Future
research should extend the bibliometric analysis by using dedicated software tools such as
VOSviewer and Bibliometrix to create formalised maps of co-authorship and keyword co-occurrence
over a broader range of publications, and empirically test the proposed conceptual model.
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ANALYSIS OF DIGITAL INNOVATIONS AND THEIR FINANCIAL IMPACT
ON CHINESE AND KAZAKH AGRICULTURAL ENTERPRISES

Abstract

In the context of the rapid development of digital technologies in the economy, the introduction of
innovative solutions in the agricultural sector is of particular importance. Digital innovations have a
significant impact on the production efficiency and financial results of agricultural enterprises.

The relevance of the study is due to the need to assess the impact of digital technologies on the
financial efficiency of agricultural enterprises, as well as insufficient study of the experience of
introducing digital innovations in agriculture in China and Kazakhstan.

The purpose of the study is to analyze digital innovations and their impact on agricultural
enterprises in the two countries. The paper uses methods of comparative and economic-statistical
analysis based on the analysis of statistical data, scientific publications and analytical materials that
reflect the level of development of digital technologies in agriculture and their impact on the
performance of enterprises. The study showed that the use of precision farming technologies, digital
production management platforms, data analysis systems, to increased yields, lower production costs,
and increased profitability of agricultural enterprises.

A comparison of the situation in China and Kazakhstan showed that China has achieved a higher
level of digitalization in the agricultural sector due to the development of digital infrastructure and
active government support. In Kazakhstan, the processes of digitalization are at the stage of active
development.

The practical significance of the research lies in the fact that its results can be used to develop
strategies for digitalization of the agricultural sector, improve government policy in the field of
agriculture and introduce innovative technologies in agricultural enterprises.

Key words: digital innovations, agriculture, digitalization of agriculture, financial efficiency,
agribusiness enterprises, China, Kazakhstan.
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