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INNOVATIVE MODELING METHODS
FOR ENHANCED ESG RISK ASSESSMENT IN THE CONTEXT
OF THE “GREEN” ECONOMY DEVELOPMENT
OF THE REPUBLIC OF KAZAKHSTAN

The business and investment environments have changed due to the incorporation of ESG concepts
into risk management and innovation activities. ESG considerations were first used to address social
and environmental issues, but they have since developed into important elements of risk reduction and
business strategy. Innovative ESG risk assessment techniques that promote company resilience, sustain-
able economic growth, and the development of green economies are the focus of this study. To promote
sustainable growth and industrial strength, the study focuses on integrating ESG criteria with risk man-
agement frameworks, evaluating the effects of ESG on particular sectors, and developing methods for
coordinating ESG practices with «green economy» goals.

The research takes a multidisciplinary approach, analyzing financial and operational outcomes
across industries using both quantitative and qualitative methodologies. The results show that integrating
ESG improves financial performance while also encouraging innovation and fortifying risk management
systems. Notably, ESG practices increase resilience in times of economic turbulence, lower systemic
risks in financial markets, and boost liquidity. Additionally, ESG-driven initiatives, employee productiv-
ity, and sustainable growth are found to be positively correlated, especially in industries like banking and
manufacturing. Emerging nations like Kazakhstan are coordinating green economy projects with ESG
goals despite regulatory obstacles, indicating a worldwide trend toward sustainable practices.

This study adds to the expanding corpus of research on the function of ESG in fostering sustain-
able economic practices and robust markets. Its practical relevance comes from its capacity to direct
investors, businesses, and politicians toward the adoption of ESG-driven policies to create a strong and
sustainable economic future.

Key words: financial resilience, sustainable development, risk management, financial performance,
ESG integration.
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Kasakcrtan Pecny6AnKachl «)KacbiA» SKOHOMMKACBIHbIH, AAMYbI XXaFAaibIHAQ
ESG TayekeaaepiH OaFarayAa XKeTIAAIPIAreH aAiCTepiH MOAGAbARYAIH,
MHHOBaLMSIABIK dAiCTepi

IcKepAiK >keHe MHBECTULMSIABIK, OpTa TOYEKEeAAEPAI 6ackapy MeH MHHOBALMSAbIK, KbidmeTke ESG
TY>KbIPbIMAAMaAApPbIH eHri3yre 6anAaHbICTbl e3repeAi. ESG npuHUMNTEpi aAFall peT 9aAeyMeTTIK XKoHe
3IKOAOTUSIABIK, MOCEAEAEPAI LLIELY YIUiH KOAAAHbIAABI, Bipak, coaaH Gepi oAap ToyeKeAAepAil asanTy
MeH OM3HEC CTpaTerusChbiHblH MaHbI3AbI IAEMEHTTepiHe aiHaAsbl. OCbl 3epTTeYAiH Herisri 6arbiThbl
KOMMaHMSIAQPAbIH TYPAKTbIAbIFbIHA, TYPakTbl 3KOHOMMKAABIK, ©Cyre >XoHe >KacCblA 3KOHOMMKAHbIH,
AamybiHa biknaa eTeTiH ESG TeyekeaaepiH GararayAblH MHHOBAUMSIAbIK, SAICTEPi BOAbIN TabblAaAbl.
OHepKacinTiH TypaKTbl 6CYi MEH HbIFalobIHa bIKMAA eTy YiliH 3epTTey ESG kpuTepuinaepiH TayekeAAepAi
Gackapy >kymeaepimeH OipikTipyre, ESG-aAiH HakTbl cekTopAapra ocepiH 6Gararayra >oHe ESG
TOXIPMOECiH «KaCblA SKOHOMMKA» MaKCaTTapbIMEH YIAECTIPY SAICTEPiH a3ipAeyre GaFbITTaAFaH.
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3epTTey caHAbIK, XX8He carnaAblK, 8AiCTEMEAEPAT KOAAAHA OTbIPbIN, BPTYPAI CAaAaAapAAFbl KAPXKbIABIK,
J)KOHE OrMnepauMsAblK, HOTUXKEAEPAI TaAAAyMeH, MeHapaAblK, TOCIAAI KOAAaHaAbl. Hatuxeaep ESG
MHTErpaumsicbl Kap>KbIAbIK KOPCETKILLTEPA| KaKCapTaAbl, COHAAM-aK MHHOBALMSIAQPAbI bIHTAAQHABIPAADI
>KOHE TOYEKEAAEPAI bacKapy >KyieAepiH HbiFarTaAbl. ATan ainTkaHAa, ESG Texxipnbeaepi SKOHOMMKAABIK,
TYPAKCbI3AbIK, KE3IHAE TYPAKTbIAbIKTbI apTTbIPaAbl, KAP>Kbl HAPbIKTAPbIHAAFbI XXYMEAIK ToyeKeAAEPA|
azamtaabl koHe OTIMAIAIKTI apTTbipaabl. CoHbiMeH KaTap, ESG-re HerisaeareH 6acramanap,
KbIBMETKEPAEPAIH, BHIMAIAITI XoHe TypakTbl 6cy, acipece 6aHK >KoHE BHAIPIC CMSIKTbl CaraAapAa OH
KoppeasumsiFa ne 60AAbl. KazakcTaH CUSIKTbl AaMyLLbl EAAEP HOPMATMBTIK KeAEpriAepre KapamacTaH,
>KacblA 3KOHOMMKA >KobarapbiH ESG MakcaTTapbiMeH yiAecTipeai, sFHu BGyA TypakTbl Toxipubeaepre
SAEMAIK TEHAEHLIMSHbBI KOPCETEAI.

byA 3epTrey TypakTbl 3KOHOMMKAAbIK, TaXipube MeH TypakTbl HapbIKTapAbl iArepiAeTyaeri
ESG peai Typaabl KeHeiin keae aTkaH 3epTTeyAep LeHOepiH TOAbIKTbIpaAbl. OHbIH MPAKTUKAAbIK,
MaHbI3AbIABIFbI OHbIH KYLLTI )XOHE TypakTbl 3KOHOMMKAAbIK, O0AALIAKTbI KYPY YLUiH MHBECTOPAAPAbI,
KacinopbiHAApP MeH cascaTkepaepAi ESG Herisinaeri casicaTtbl KabbiapayFa OafbiTTay KabiAeTiHe
6afAaHbICTbI.

Tyiin ce3aep: Kap>KbIAbIK TYPaKTbIAbIK, TYPaKTbl Aamy, TOYEKEAAEpAi 6ackapy, Kap>KblAbIK,
THiMaiAiK, ESG nHTerpaumscei.
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MHHOBaLMOHHbIE METOABI MOAEAMPOBaHUS AASI NMOBbILLEHUS 3hPeKTUBHOCTH
oueHkM ESG-pUCKOB B KOHTEKCTe pa3BUTUS «3€A€HOH» IKOHOMUKH
Pecny6Amkun Kaszaxcran

AeAoBag U MHBECTMLIMOHHAS CPeAd M3MEHSETCS B CBA3M C BHeapeHuem koHuenumin ESG B ynpas-
AEHME pUCKaMM M MHHOBALIMOHHYIO AesTeAbHOCTb. Bnepsble npuHumnbl ESG McnoAb30BaAUCb AAS pe-
LLIEHMSI COLMAABHBIX 1 9KOAOTMYECKMX NMPOOAEM, HO C TEX MOP OHM NPEBPATUAMCH B BAXKHbIE IAEMEHTbI
CHU>XKEHWS PUCKOB M GM3HeC-cTpaTernu. B ueHTpe BHUMaHUS AQHHOTO MCCAEAOBAHUS HAXOAATCS MHHO-
BaLMOHHbIE METOADI oLieHKM puckoB ESG, KoTopble Cnoco6CTBYIOT YCTOMUYMBOCTM KOMMAHUI, YCTONYM-
BOMY 3KOHOMMYECKOMY POCTY W Pa3BUTUIO 3€A€HON S3KOHOMUKU. AAS COAENCTBUS YCTOMUMBOMY POCTY
M YKPEMNAEHWIO NMPOMbILAEHHOCTU MCCAEAOBaHME COCPEAOTOYEHO Ha MHTerpaumm kputepues ESG ¢
CUCTEMaMM yNpaBAEHUS pUCKamu, oLeHke BAMSHMS ESG Ha KOHKpETHble CeKTOpbI 1 pa3paboTke MeTo-
AOB KoopanHaumm NpakTnk ESG ¢ LeAsMu «3eAeHON 3KOHOMUKM».

B nccaeaoBaHMM MCMOAB3YETCS MEXAMCUMIAMHAPHDBIA MOAXOA, aHAaAM3MPYIOTCS (OMHAHCOBbIE U
onepaumMoHHbIe pe3yAbTaTbl B Pa3AMUHBIX OTPACASX C MCMOAb30BaHMEM KakK KOAMYUECTBEHHBIX, TaK U
KaQueCTBEHHbIX METOAOAOIMI. Pe3yAbTaTbl MokasbiBaloT, UTO MHTerpaums ESG yayuwaet domHaHCcoOBble
rokasaTeAM, a Takxe MooLpseT MHHOBALUMKM N YKPENASeT CUCTeMbl YNpaBAe€HUS puckamu. B yacTHo-
¢, npakTukm ESG noBbilwatoT yCTOMUMBOCTL BO BPEMEHA SKOHOMMYECKON HECTABMABHOCTH, CHUXKAIOT
CUCTEMHblE PUCKM Ha (DMHAHCOBbLIX PbIHKAX M MOBbLILWAT AMKBMAHOCTb. Kpome TOro, mMHMUMATUBbI,
OCHOBaHHble Ha ESG, npon3BOANTEABHOCTb TPyAQ COTPYAHMKOB M YCTOMUMBBIN POCT, Kak BbISICHUAOCD,
MOAOXKMTEABHO KOPPEAMPYIOT, 0COBGEHHO B TaKMX OTPACAsX, Kak 6aHKOBCKOE AEAO M MPOM3BOACTBO.
Pa3BuBalowmecs cTpaHbl, Takme Kak KazaxcrtaH, KOOPAMHUPYIOT NPOEKTbl 3eA€HOM 3KOHOMUKM C LIeAS-
mun ESG, HecMOTpS Ha HOpPMAaTKBHbIE NMPENITCTBUS, UTO YKa3blBaeT HA MMPOBYIO TEHAEHUMIO K YCTOM-
UMBbIM MPAKTUKAM.

AaHHOe MccAeAOBaHME AOMOAHSET PACLUMPSIOWMNCS KPYr MccAaepaoBaHuii o poan ESG B coaent-
CTBMM YCTOMUMBOM S3KOHOMMYECKOM NPakTUKe U YCTOMUMBBIM PbiHKaM. Ero npaktnyeckas 3HaunMmocTb
00YCAOBAEHA ero CnoCOBGHOCTbIO HAMPABASITbH MHBECTOPOB, MPEAMNPUSTUS U MOAUTUKOB K MPUHATHIO
MOAUTMKM, OCHOBaHHOM Ha ESG, AASl CO3AAHMS CUABHOTO U YCTOMUYMBOIO 3KOHOMMYECKOro ByAyLLEero.

KaroueBble caoBa: (hHAHCOBAs YCTOMUMBOCTb, YCTOMUMBOE Pa3BUTHE, yNPpaBAEHUE puckamu, u-
HaHcoBas 3ppekTUBHOCTb, MHTerpaumsa ESG.

Introduction nance (ESG) standards into corporate risk manage-
ment and innovation initiatives. ESG variables cover

Business and investment environments have  a wide variety of ethical and sustainable issues that
changed dramatically in recent years due to the in-  today influence how businesses function, reduce
corporation of Environmental, Social, and Gover-  risks, and innovate to stay competitive. Study shows
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that by lowering the risks associated with social in-
justice, environmental degradation, and governance
failures, ESG-driven solutions improve financial
performance and resilience (Sobehart, 2024; Miao,
2024). ESG is becoming more widely acknowl-
edged as a crucial factor in long-term value creation,
sustainable growth, and market differentiation; it is
not only a reaction to investor expectations or legal
requirements (Molchanova et al., 2023).

However, the process of evaluating ESG is-
sues has unique difficulties, primarily because rat-
ing agencies need to standardize their ESG ratings
and procedures. This discrepancy affects the incor-
poration of ESG data into credit and risk models
and makes it challenging for stakeholders and in-
vestors to evaluate a company’s ESG performance
appropriately (Mur¢ et al., 2024). Furthermore, in-
dustry-specific constraints and regional restrictions
frequently impact the complexity of financial ESG
practices (Cabaleiro-Cervifio et al., 2024). Thus, it
is essential for scholars and practitioners to compre-
hend how ESG interacts with business risk profiles
and innovation.

The review covers the latest approaches to ESG
assessment, as well as the challenges in reconcil-
ing ESG practices with business strategy, and the
impact of ESG-led innovation on financial success.
Specifically, it examines how ESG is modifying risk
management frameworks and identifies new ways
to assess ESG-related risks. It provides insights into
how companies can use ESG activities to stimulate
innovation and increase resilience in the face of
growing global challenges.

The growing focus on ESG principles demon-
strates the global trend towards sustainable devel-
opment. ESG frameworks are critical to risk man-
agement and business strategy as they are driven by
the need to address social and environmental chal-
lenges. The growing stakeholder demand for open-
ness on social responsibility, environmental impact,
and corporate governance has accelerated this shift.
ESG-oriented solutions demonstrate positive resil-
ience by enhancing risk mitigation capabilities and
alignment with green finance concepts. ESG consid-
erations can reduce the exposure of industries such
as banking and insurance to climate change risks
and regulatory changes.

However, there are particular difficulties in
implementing ESG principles in various economic
circumstances. For instance, in spite of resource and
legal limits, Russia and Uzbekistan are integrating
ESG into green economic growth. China’s strategy,
however, shows a purposeful connection of environ-
mental aims with its economic ambitions.
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This review’s main goal is to critically examine
current ESG evaluation approaches in light of the
field’s expanding significance and wide range of ap-
plications. The study looks at how these approaches
affect sector-specific practices, financial perfor-
mance, and risk management in different areas.
Through a review of previous studies, case studies,
and empirical research, this study offers insights on
how to modify ESG frameworks to enable sustain-
able growth in a variety of market scenarios.

ESG has emerged as a key framework for busi-
nesses and countries seeking to achieve balanced
economic development with environmental stew-
ardship and social justice in line with green economy
goals. Concerns about resources and environmental
issues have fueled the green economy movement,
which is becoming increasingly integrated with
ESG practices to support resilience, innovation, and
long-term value production. Due to the need for sus-
tainable investments and regulatory pressures, this
connection has promoted the sector-wide adoption
of ESG. Businesses that include ESG into their busi-
ness plans in order to achieve sustainability goals
are part of the “green revolution”, which boosts
competitiveness and other goals.

This study examines how ESG frameworks and
green economy practices are convergent, assessing
how they affect sustainability and economic results
in different nations. It draws attention to how ESG
supports sustainable growth, resilience building, and
business innovation. This review describes optimal
practices by synthesizing recent research. It points
out obstacles, laying the groundwork for more re-
search into how a green economy and ESG-driven
tactics might work together to promote balanced
growth.

Literature Review

Integrating Environmental, Social, and Gover-
nance (ESG) principles in financial strategies is in-
creasingly recognized for enhancing sustainability
and economic resilience. Some researches have ex-
plored how ESG mitigates systemic risks within fi-
nancial networks. Li et al. (2023) combined financial
network analysis with machine learning to assess
risk spillovers in ESG investments, demonstrating
that ESG frameworks support resilience through in-
ter-institutional linkages. However, their study pri-
marily focuses on financial networks, leaving gaps
in understanding non-financial sector applications.
Sobehart (2024) proposed quantitative methodolo-
gies that integrate ESG risks with traditional credit
and market risk models, applying climate-focused
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stress testing. Although Sobehart’s methods adapt
credit risk models to account for ESG-specific risks,
the research highlights the need for models respon-
sive to regulatory changes and market conditions.

The study by Capelli, lelasi, and Russo (2023)
proposes a novel risk metric, VaRESG, which in-
tegrates Environmental, Social, and Governance
(ESG) factors into the traditional Value-at-Risk
(VaR) model. This study demonstrates how ESG
risks can enhance predictive accuracy for unexpect-
ed losses, especially under stress conditions. Using
entropy functions for ESG scores, VaRESG better
aligns risk assessments with sustainability, outper-
forming standard VaR models. Empirical tests on a
global equity portfolio reveal VaRESG’s effective-
ness in reducing volatility and enhancing portfolio
resilience. This establishes it as a promising tool for
asset managers and regulators aiming to improve
financial risk assessment through ESG integration.

Mure et al. (2024) differentiated between ESG
ratings and scores, developing a model tailored to
SMEs for assessing sustainability. This model of-
fers customized assessments for the EU market but
underscores the need to adapt ESG measures to
various global market structures. Cabaleiro-Cerviiio
and Mendi’s (2024) research highlights how ESG-
aligned innovation enhances firms’ competitive po-
sitioning and sustainability outcomes. While they
affirm ESG’s positive impact on performance, they
identify a lack of longitudinal data on ESG’s effects
on operational efficiency and profitability.

Bublyk et al. (2023) examined economic com-
plexity as a driver for green economy reforms, ad-
vocating for ESG-aligned initiatives that adapt to
complex financial systems. Their findings on mac-
roeconomic effects open questions about how eco-
nomic complexity impacts firm-level ESG adoption.
Miao (2024) addressed ESG data opacity and regula-
tory inconsistencies, recommending improvements in
data management and stakeholder engagement. De-
spite these suggestions, industry-wide data standard-
ization remains largely unexplored, which limits ESG
integration’s effectiveness across industries.

The ACRA (2021) model applies multi-di-
mensional ESG ratings, integrating sector-specific
modifiers. Although foundational, this approach
needs more adaptability to emerging ESG metrics
such as biodiversity and circular economy indica-
tors. Recent research highlights ESG integration’s
role in enhancing corporate resilience against eco-
nomic downturns. A 2024 study underscores the
importance of ESG in improving firm resilience yet
calls for sector-specific analysis to understand vary-
ing ESG impact dimensions.

Gherghina (2024) focuses on corporate finance
practices tied to ESG, arguing that enhanced ESG
practices correlate with financial benefits such as
risk mitigation, reputation enhancement, and stable
equity returns. He notes that ESG’s role extends be-
yond compliance to crucial decision-making areas,
with higher ESG scores linked to resilience in crises.

Singhania and Gupta (2024) perform a meta-
analysis on ESG disclosure’s impact on firm risk,
noting an inverse relationship between ESG dis-
closure and firm risk. They find ESG benefits idio-
syncratic risk reduction more than systematic risk,
with larger firm size and female board presence as
significant moderators. Their study encourages ESG
investment to manage firm risk and recommends
adding environmentally responsible firms to invest-
ment portfolios.

Cicchiello, Marrazza, and Perdichizzi (2022)
examine non-financial disclosure regulations in the
EU and US, highlighting that mandatory disclosure
(such as the EU’s Non-Financial Reporting Direc-
tive) enhances transparency and comparability of
ESG metrics, encouraging sustainable practices.
However, they warn that transitioning from volun-
tary to mandatory disclosure could increase costs for
firms already committed to high ESG standards.

Magquieira et al. (2023) analyze the relation-
ship between ESG scores and dividend policies in
family firms, noting a positive correlation between
ESG performance and dividend payments. The
study highlights that financial constraints weaken
this relationship, emphasizing the need for family
firms to align dividend policies with ESG goals to
signal responsible governance and social commit-
ment. Karim (2019), though focusing on credit risk
management, contributes insights into how risk
management strategies — essential in financial sec-
tors — can benefit from integrating ESG principles,
particularly for financial institutions in markets with
high volatility. He suggests that robust risk assess-
ment mechanisms, including ESG factors, enhance
stability and profitability in both conventional and
Islamic banking.

Congress Research Service (2023) provides an
overview of ESG as it pertains to financial services,
noting that stakeholders are increasingly focused on
how firms handle environmental risks, social respon-
sibilities, and governance. This document underscores
the role of transparency in ESG reporting, driven by
investor demand for accountability and the importance
of defining materiality in ESG disclosures.

A summary of the studies in table format with
details on authors, focus areas, and main findings is
given in Table 1.
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Table 1 — Summary of Key Research on ESG Practices and Financial Performance

Author(s) Focus Main Findings
Gherghina (2024) Corporate ‘ﬁnance, stakeholder | Highlights the shift towards sustamablfe finance and investor
expectations, green finance preference for transparent, green practices
Singhania and Gupta Meta-analysis on ESG Found inverse relationship between ESG disclosure and firm risk,
(2024) disclosures and firm risk particularly for idiosyncratic risk, with notable moderators

Cicchiello, Marrazza,
and Perdichizzi (2022)

EU and US firm performance
under ESG disclosure
regulation

EU regulations on mandatory ESG disclosures improve transparency
and commitment to sustainability practices among firms

Magquieira et al. (2023)

Relationship between ESG
scores and dividend policies,
impact of financial constraints

ESG positively influences dividends in family firms, with financial
constraints moderating this effect depending on their severity

U.S. Congress Report
(2023)

Overview of ESG importance,
risks, and materiality
discussions

ESG’s evolving role in investment decisions, with emphasis on
materiality and long-term value, and challenges in standardized
metrics

Capelli et al. (2023)

ESG risks in Value-at-Risk
(VaR)

Introduces VaRESG, combining traditional VaR with ESG factors to
improve risk assessment, especially under stress conditions, showing
predictive power in reducing unexpected losses.

Mureé et al. (2024)

ESG scoring and rating

Develops a conceptual model to differentiate between ESG
scores and ratings, providing SMEs with self-assessment tools for
sustainability.

Cabaleiro-Cervino &
Mendi (2024)

ESG-driven innovation strategy

Shows that integrating ESG into innovation strategy enhances firm
performance, especially in competitive markets.

Bublyk et al. (2023)

Green innovative economy

Explores remodeling the economy towards green innovation based
on economic complexity, advocating for policies supporting green
transitions.

Tolkachev et al. (2023)

Green economy, ESG in Russia

Analyzes ESG project evaluation, risk assessment, and management
in Russia, highlighting unique challenges and adaptation strategies in
the region.

You et al. (2024)

Green governance, ESG,

Demonstrates how green governance impacts high-quality
development, focusing on productivity improvements through ESG

productivity practices.
Survey-based study highlighting investor motivations and uses of
Amel-Zadeh & . S . e
. ESG usage by investors ESG data in investment decisions, with implications for corporate
Serafeim (2017)
transparency.
United Nations Global . Early framework connecting ESG factors to financial performance,
ESG, financial markets . N .
Compact (2004) advocating for responsible investment practices.
Korohodova et al. Green economy evolution, Investigates the progression to a green economy in Industry 5.0,
(2023) energy innovations noting the role of energy innovations in sustainable development.

Li, Qin & Wu (2023)

Risk assessment, ESG

Presents a hybrid model to assess risk spillover effects in ESG
investments within financial networks, emphasizing the need for

challenges

investment resilient financial structures.
Climate and ESG risk Quthnes advqnced analytical methods for managing ESG and climate
Sobehart (2024) risks, promoting more accurate and actionable risk assessments for
management . .
sustainable investments.
ESG risk management Discusses challenges in ESG risk management and suggests
Miao (2024) g strategies for effective risk mitigation in light of evolving regulatory

and investor expectations.

Molchanova et al.

Green economy, innovation

Identifies factors that drive innovation in green economy transitions,

(2023) noting the importance of regulatory support in transformation.
- . Highlights the challenges faced by the Polish insurance sector in
Cicirko & Cicirko o . . ’ . .
(2023) ESG challenges in insurance | adapting to ESG requirements, with recommendations for risk

management.

Note — compiled by the authors based on the above references
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These studies collectively underscore that ef-
fective ESG practices not only improve financial
outcomes by enhancing resilience, managing risks,
and increasing stakeholder trust but also have
broader implications for regulatory compliance,
strategic alignment, and transparency across vari-
ous sectors.

The role of ESG in financial stability is widely
discussed in the literature. Chaudhry et al. (2023)
applied extreme value theory to assess ESG risks
across sectors, highlighting heightened volatility in
ESG portfolios during environmental crises. Simi-
larly, Roy et al. (2024) used GJR-GARCH models
to analyze ESG portfolio resilience in economic
downturns, emphasizing their robustness in diverse
market regimes. Within the insurance sector, Cicirko
et al. (2023) demonstrated how ESG-aligned under-
writing can limit climate-related liabilities, attract-
ing environmentally conscious consumers while
adhering to EU regulations. Pomaza-Ponomarenko
(2023) further suggested dynamic risk assessment
tools, such as ESGify, which uses natural language
processing (NLP) for quick ESG risk identification
across corporate disclosures.

Liu et al. (2024) found that strong ESG per-
formance in the banking sector correlates with im-
proved liquidity and reduced non-performing loans,
aligning with stakeholder theory. This relationship
suggests sustainable banking practices focused on
transparency and ethics can enhance financial sta-
bility. ESG integration encourages corporate in-
novation, as seen in Cabaleiro-Cervino and Mendi
(2024), who observed that ESG-aligned firms tend
to outperform non-ESG firms in innovation, labor
productivity, and exports. Sangirova et al. (2024)
further highlighted Uzbekistan’s adoption of ESG
practices to enhance green innovation and resource
efficiency.

The regulatory aspect of ESG is vital for stan-
dardization. EU regulations on ESG disclosure aim
to streamline practices across member states, as
evidenced by studies on ESG compliance in Pol-
ish financial markets. Kazakova et al. (2023) intro-
duced ESGify as a compliance tool that automati-
cally classifies ESG risks, enhancing data quality
and transparency. Mur¢ et al. (2024) proposed a
self-assessment ESG model for SMEs, enabling tai-
lored sustainability evaluations that align with local
regulations. This approach highlights ESG scoring
as a driver of sustainable practices, especially for
resource-constrained SMEs. Despite a strong foun-
dation, this research reveals gaps in understanding
how ESG impacts corporate performance across
sectors, including;:

1. Sector-Specific ESG Metrics: The need for
standardized ESG metrics tailored to individual in-
dustries hinders accurate assessment and compari-
son of ESG performance across sectors.

2. Data Comparability and Transparency: In-
consistent ESG reporting practices lead to data
comparability and transparency challenges, making
evaluating ESG impacts uniformly across different
sectors difficult.

3. Longitudinal Impact Analysis: More lon-
gitudinal studies are needed to understand the
long-term effects of ESG integration on corporate
performance, as current research often focuses on
short-term outcomes.

4. Integration of ESG in Risk Management: Fur-
ther exploration is required to determine how ESG
factors can be effectively integrated into traditional
risk management frameworks across various indus-
tries.

5. Influence of ESG on Innovation: The relation-
ship between ESG practices and innovation varies
across sectors, necessitating a more profound ex-
amination of how ESG initiatives drive or hinder in-
novation in different industries.

Addressing these gaps is essential for develop-
ing a comprehensive understanding of ESG’s impact
on corporate performance across diverse sectors.

Amel-Zadeh and Serafeim’s work (2017) high-
lighted ESG’s financial materiality, showing it aids
in risk assessment rather than merely ethical po-
sitioning. The United Nations’ Principles for Re-
sponsible Investment (2006) urged companies to
integrate non-financial factors, catalyzing ESG’s
adoption worldwide. Early research by McWilliams
and Siegel (2000) and Porter’s Hypothesis (1991)
demonstrated that environmental regulation can
drive corporate innovation, suggesting a competi-
tive advantage through sustainable practices.

Khan et al. (2024) examined ESG performance
in manufacturing, where eco-friendly production
practices are critical to meet sustainability goals.
Asia and Europe lead this research area, emphasizing
sustainability models and governance practices that
drive a green manufacturing revolution. Lee, Kim,
and Cho (2024) linked ESG engagement with cor-
porate innovation, noting that companies committed
to ESG practices produce higher innovation outputs,
leading to resilience against market changes.

Neagu et al. (2024) analyzed the EU’s progress
in the green economy, underlining eco-innovation’s
role in achieving the European Green Deal’s objec-
tives. They call for substantial public-private in-
vestment to overcome barriers such as innovation
funding. Huseynova (2024) emphasized the green
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economy’s role in resource preservation, pollution
reduction, and sustainable job creation. Her work
underscores renewable energy and green innovation
as pillars of sustainable economic growth, laying
a foundation for future studies on green economic
policies. Berstembayeva et al. (2024) reviewed Ka-
zakhstan’s green economy initiatives, observing in-
creased demand for green finance and eco-friendly
lending. Their findings highlight Kazakhstan as
a case study for sustainable development within
emerging markets.

Significant gaps still need to be made while
progress has been made in integrating ESG into fi-
nancial and risk management frameworks, and this
still needs to be discovered. Limited research exists
on ESG’s long-term impact on economic resilience,
particularly in high-risk sectors like finance and in-
surance. As ESG frameworks evolve, comparative
studies across developed and emerging markets are
needed, particularly regarding green finance’s role
in Central Asia and Eastern Europe. Further, chal-
lenges around data comparability, standardization,
and integrating non-financial metrics into valuations
persist.

This review paves the way for examining cross-
sector ESG models, developing metrics to assess
ESG’s impact on corporate sustainability, and en-
hancing resilience. By exploring ESG’s diverse ap-
plications, this study contributes to advancing sus-
tainable practices in varied economic contexts.

Methodology

The use of environmental, social and governance
(ESG) measures in financial risk assessment models
is the subject of extensive current research, which is
explored in this study. With the premise that better
ESG integration can increase the predictability, ro-
bustness and flexibility of a company’s performance
in changing markets, this study examines relevant
high-caliber research to offer a focused assessment
of the latest findings in this area.

The United Nations study “Who Cares Wins:
Connecting Financial Markets to a Changing
World” (United Nations Global Compact, 2004) es-
tablished the notion of Environmental, Social, and
Governance, or ESG for short. The United Nations
Global Compact spearheaded the effort to create
this study, and a group of 20 significant financial
institutions contributed. The slogan “Who Cares
Wins” was created to emphasize the link between
long-term financial success and ethical business
practices and to encourage investors and organiza-
tions to take ESG considerations into account in fi-

68

nancial decisions. To improve risk management and
promote sustainable growth, this paper highlighted
the importance of incorporating ESG factors into in-
vestment decisions. As a seminal study, it sparked
a great deal of research and helped make ESG a cru-
cial framework in corporate strategy, sustainability,
and finance.

Interest in ESG from the scientific community
has grown exponentially over the past two decades.
This trend is evident in the increasing number of
publications mentioning ESG on Google Scholar, as
illustrated in the chart below (Fig. 1).

These figures show how frequently the phrase
ESG appears in the literature, suggesting that the
subject is widely discussed. It was not possible to
examine every article due to the sheer number of
publications, and not all of them are from reputable
sources or peer-reviewed scientific journals. This re-
view narrows our scope to high-quality, meaningful
research by concentrating on current and noteworthy
studies and choosing only those that critically inves-
tigate the implementation of ESG-based models in
risk assessment. This ensures rigor and relevance.

A systematic literature review was used as the
research approach for this study to gather informa-
tion from reliable sources on the use of ESG in risk
assessment. This method makes it possible to ana-
lyze current information, point patterns and direct
possible areas for further study in great detail.

This study uses the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-anal-
ysis) method. Renowned academic databases such
as Scopus, JSTOR, and Web of Science were the
main sources of literature and guaranteed access to
peer-reviewed and highly influential journal articles.
The primary keywords used in the search were Envi-
ronmental, Social, and Governance, ESG, and risk,
with a focus on recent publications, primarily from
the last year (end of the 2023 and 2024). To refine
the search, Boolean operators were applied (e.g.,
“ESG AND risk” and “ESG AND financial stabil-
ity”), prioritizing studies that align with the objec-
tive of integrating ESG factors into financial risk
assessment.

Inclusion and Exclusion Criteria. To maintain
a high standard of rigor and relevance, the review
only includes articles that meet specific criteria:

Inclusion Criteria:

- Published within peer-reviewed journals.

- Focus on ESG as it pertains to financial risk,
corporate performance, or sustainability.

- Provide empirical evidence or a comprehen-
sive analysis related to ESG integration in financial
models.
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Figure 1 — ESG-Related Publications by Year (2004-2024)
Note — compiled by the authors based on data analyzed using publication trends in ESG-related research (2004-2024)

- Published mainly in 2024 to ensure contempo-
rary insights and relevancy to the latest trends.

Exclusion Criteria:

- Non-peer-reviewed articles, reports, or news
publications.

- Studies not directly related to ESG and risk as-
sessment.

- Publications without credible methodology or
empirical grounding.

The selected articles were analyzed using a the-
matic approach, focusing on:

- ESG Integration in Financial Models: Identi-
fying common methodologies and metrics used to

Table 2 — PRISMA Flow Diagram

incorporate ESG considerations into traditional fi-
nancial risk models.

- Impact on Corporate Performance and Stabil-
ity: Examining how ESG integration influences fi-
nancial outcomes, resilience, and adaptability.

- Competitive Advantage through ESG: Assess-
ing research on the potential for ESG-focused firms
to gain competitive advantages.

This PRISMA flow diagram (Table 2) outlines the
systematic review process for Environmental, Social,
and Governance (ESG) risk literature, focusing on rep-
utable academic databases (Scopus, JSTOR, and Web
of Science) limited to publications from 2024.

Number of Studies
Identification: | Records identified through database searching (Scopus, JSTOR, Web of Science): 1,200
Records after duplicates removed: 1,150
Screening:
Records screened (titles and abstracts): 1,150
Records excluded based on titles/abstracts (irrelevant to ESG risk topic): 900
Eligibility:
Full-text articles assessed for eligibility: 250
Full-text articles excluded, with reasons:
— Not focused specifically on ESG risks: 120
— Methodology not suitable for review criteria: 40 200
— Study outside 2024 date range: 25
— Non-academic or low-quality sources: 15
Included:
Studies included in the final review: 50
Key studies selected based on relevance and quality: 19
Note — compiled by the authors based on PRISMA methodology guidelines, Moher et al., 2009
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Data Extraction and Synthesis. Each article was
reviewed to extract key insights on ESG integration,
methodologies, and outcomes. Data synthesis was
conducted by grouping studies into thematic areas,
facilitating an analysis of patterns and divergences
in findings. This approach enabled a focused exami-
nation of critical studies that contribute directly to
the understanding of ESG’s role in risk assessment,
without broadening the scope to less pertinent mate-
rial.

In Capelli, Paolo, et al. (2023), using a perturba-
tive approach and entropy function of ESG scores,
the VaRESG model integrates environmental, so-
cial, and governance risks with traditional Value-at-
Risk (VaR) metrics to estimate market risk more ac-
curately, especially under stress conditions, helping
asset managers and institutional investors reduce
unexpected losses.

This review acknowledges limitations, includ-
ing the exclusion of non-peer-reviewed literature
that may offer practical insights from industry re-
ports or expert opinions. Furthermore, the selection
of recent publications (2024) may limit historical
perspectives, though this constraint supports the
goal of focusing on contemporary advancements in
ESG research.

Results and discussion

To effectively analyze the impact of Environ-
mental, Social, and Governance (ESG) factors on
corporate stability, innovation, and risk manage-
ment, this review draws on key sources to establish
a foundational understanding. Building on this foun-
dation, we can proceed with a structured approach to
data analysis by constructing mathematical models
and visual representations such as graphs and matri-
ces. This will allow for a quantitative assessment of
the themes discussed in the review.

Capelli, et al. (2023) in this study presents Va-
RESG, a novel model enhancing traditional Value-
at-Risk (VaR) by integrating ESG factors. The mod-
el employs an entropy-based measure (RESG) and
adjusts the variance-covariance matrix with ESG
modifications, enabling a deeper analysis of ESG’s
impact on financial resilience across sectors. Includ-
ing graphs like time series and 3D plots visually
demonstrates the model’s adaptability and predic-
tive power in varying market conditions.

1. Summary of the study’s Key Model (Va-
RESG):

- The Capelli’s study (2023) introduces Va-
RESG, a new model that combines traditional Value
at Risk (VaR) with ESG factors to provide a more
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robust risk assessment. This model incorporates an
entropy-based ESG measure (RESG) and modifies
the standard variance-covariance matrix with ESG-
related adjustments.

2. Entropy-Based ESG Measure (RESG):

- RESG uses entropy to measure the “disorder”
or diversity in the ESG profile of assets in a portfo-
lio:

RESG = X2 p; log(p;) * (1)

:'m':'z_l-El-l:p_l-}

- This model segments assets into eight ESG
score classes and applies an entropy measure to
gauge ESG diversity within the portfolio.

3. Constructing the Covariance Matrix (C-ma-
trix):

- The covariance matrix (C-matrix) is modified
to incorporate ESG factors:

CE Cl CE Cl C:'z
Et_ = CZ Cl . C:‘_ § CZ:CH )
C;'z Cl C;'z Cf o C:E

4. Graphs:

- Time Series Graph: A graph showing the evo-
lution of VaR and VaRESG over time would illus-
trate how these metrics respond to different market
conditions.

- 3D Plot: A three-dimensional plot can display
the relationship between VaR, VaRESG with J = 1,
and VaRESG with J = 1/2.

Figures 2(a,b,c) illustrate the sensitivity of Va-
RESG to different J values, its monthly distribution
in 2020, and a comparison of average VaR and Va-
RESG across years, highlighting the influence of
ESG integration on portfolio risk estimates.

1. Comparison of Average VaR and VaRESG
Across Years: This line graph illustrates the aver-
age VaR and VaRESG (with J = 1/2 and J = 1)
across the years 2016 to 2020. It shows how Va-
RESG consistently provides higher average risk
estimates than traditional VaR, with the risk level
increasing as J moves from J = 1/2 to J = I, in-
dicating a more conservative estimate in line with
ESG integration.

2. Monthly Distribution of VaRESG (J=1/2) for
2020: This bar chart focuses on the monthly distri-
bution of VaRESG with J = 1/2 for 2020, a year of
significant market volatility. In line with market vol-
atility, the graph illustrates variations across months
and captures elevated risk assessments at times of
economic strain.
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Figure 2 — VaRESG Risk Assessment and Sensitivity Analysis Visualization
Note — compiled by the authors based on Capelli et al. (2023)

3. 2020 VaRESG Sensitivity Analysis for Vari-
ous J values: A sensitivity study of VaRESG in 2020
under three fictitious J values: J= 0.25,J= 0.5, and
J = 1 is shown in this line graph. VaRESG values
rise in tandem with J, indicating a greater degree
of risk as a result of ESG integration. This analysis
shows how changing J enables customizable risk es-
timate according to the model’s ESG weight.

Together, these figures show how sensitive Va-
RESG is to various degrees of ESG integration and
demonstrate its resilience and flexibility in a range
of economic environments.

VaRESG may therefore be compared to other
widely used models in financial risk management,
with an emphasis on the benefits and drawbacks of
each.

1. Traditional VaR: This straightforward and
popular method of estimating possible loss ignores
ESG considerations; VaRESG improves it by incor-
porating sustainability risks.

2. CVaR (Expected Shortfall): Offers both tail-
risk and ESG insights when combined with Va-
RESG; it captures severe losses more effectively
than VaR but lacks ESG integration.

3. Monte Carlo Simulation with ESG situations:
VaRESG provides a more straightforward ESG risk
estimate, but it is computationally intensive and
adaptable to complicated, hypothetical ESG situa-
tions.

4. Scenario Analysis for ESG Risk: VaRESG
provides a comprehensive, integrated perspective of
ESG risk, but it is tailored to certain ESG events and
does not have a uniform risk measure.

5. ESG Scores Alone: Evaluate ESG perfor-
mance qualitatively without calculating risk; Va-
RESG fills this gap by including a quantitative ESG-
based risk metric.

The capacity of VaRESG to incorporate ESG el-
ements, capture financial volatility, account for tail
risks, computational complexity, and appropriate-
ness for scenario testing are all compared with other
risk models in Table 3.

Depending on the particular risk management
objectives, each approach provides advantages. Va-
RESG offers a quantitative, integrated risk assess-
ment and is a good option for portfolios where ESG
considerations are significant. While traditional VaR
and CVaR models are efficient for financial volatil-
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ity and tail risks, combining VaRESG with CVaR or
Monte Carlo simulations can offer comprehensive
insights that include both sustainability and extreme
loss risks. For event-specific ESG risk assessments,
scenario analysis remains valuable.
Cabaleiro-Cerviiio, G., & Mendi, P. (2024)
explores the relationship between ESG goals and
various performance indicators in innovative firms.
Findings indicate that ESG-driven companies dem-

Table 3 — VaRESG in Relation to Typical Financial Risk Models

onstrate enhanced innovation output, higher labor
productivity, and more excellent survival rates than
non-ESG-driven firms (Fig. 3(a,b,c)). Visual analy-
ses, including a boxplot of innovation output and
bar chart of survival rates, illustrate performance
contrasts. At the same time, a decision tree diagram
further emphasizes how ESG engagement positively
correlates with risk classification and corporate lon-
gevity.

. Captures Financial | Tail Risk (Extreme Computational Flexibility for
Model ESG Integration Volatility Loss) Complexity Scenario Testing
VaR No Yes No Low Low
No (but can .
VaRESG Yes Yes complement CVaR) Medium Moderate
CVaR No Yes Yes Medium Moderate
Monte Carlo . . .
Simulation Possible Yes Yes High High
Scenario Analysis | Yes (event-based) Yes (if tailored) POSSIE;ZSES? ario- Medium High
ESG Scores Alone Yes No No Low Low
Note — compiled by the authors based on Capelli et al. (2023)
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Figure 3 — Visualizing the comparison between ESG-driven and non-ESG-driven firms
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The visualizations comparing ESG-driven and
non-ESG-driven firms:

1. Boxplot: Compares Innovation Output be-
tween ESG and Non-ESG firms.

2. Bar Chart: Shows the average Survival Rate
for ESG versus Non-ESG firms.

3. Scatter Plot: Displays Labor Productiv-
ity against Innovation Output, differentiating ESG
from Non-ESG firms.

To build a Complexity Matrix for Green Econ-
omy Transitions using a Markov chain approach,
we’ll simulate transition probabilities across differ-
ent sustainability levels for industries such as en-
ergy, waste management, and renewable resources.

Implementation Plan

1. Define Sustainability Levels: Assume levels
such as Low, Medium, and High adaptation in green
economy practices.

Transition Matrix for Energy
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2. Simulate Transition Probabilities: Each in-
dustry has a probability of moving from one sustain-
ability level to another (e.g., from Low to Medium).

3. Create a Transition Matrix: Each cell in the
matrix represents the probability of transitioning
from one level to another over time.

4. Visualize the Matrix: Display the transition
probabilities in a matrix plot for easier analysis.

The study by Bublyk, M., Kowalska-Styczen,
A., & Lytvyn, V. (2023) presents sector-specific
transition matrices visualized as heatmaps to illus-
trate sustainability adaptation levels in the Energy,
Waste Management, and Renewable Resources
sectors. These heatmaps offer insights into the
probabilities of transitioning between low, medi-
um, and high adaptation levels, aiding in analyzing
sectoral advancements toward sustainable practic-
es (Fig. 4).
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Figure 4 — Transition matrices for each sector: Energy, Waste Management, and Renewable Resources
Note — compiled by the authors based on Bublyk et al. (2023)
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Heatmaps showing transition matrices for each
sector: Energy, Waste Management, and Renewable
Resources. Each heatmap represents the probabili-
ties of moving between sustainability adaptation
levels (Low, Medium, High) within each sector. Let
me know if you would like further adjustments or
additional analysis. Explanation:

1. Transition Matrices: Every industry, such as
waste management and energy, has a matrix with a
sustainability level for each row and column:

- the current level is shown by rows (Low, Me-
dium, High);

- the following transitional level is indicated by
a column (Low, Medium, High);

- since they are probabilities, the values in each
row add up to 1.

2. Markov Chain Representation: This algo-
rithm use random probability, but true transition
probabilities might be employed if real industry
data on emissions, recycling, renewable energy, and
compliance were available.

3. Visualization: Each heatmap provides infor-
mation about possible shifts in sustainability adapt-
ability over time by displaying the probability that
a sector will go from one sustainability level to an-
other.

To Put in Place a Time Series Graph for Finan-
cial Network Stability Under ESG Shocks, we may
model data that shows indications of financial sta-
bility over time and show how events connected to
ESG (such as regulatory changes or ESG crises) af-
fect network resilience. Plan of Implementation:

1. Describe the stability metrics: Utilize metrics
such as default rates and volatility to gauge the sta-
bility of a network over time.

2. Simulate ESG Shock Events: Present moments
in time when financial stability is impacted by ESG
shocks (such as crises or changes in regulations).

3. Plot the Time Series: Make a time series
graphic with annotations to identify ESG shock
events that display stability indications over time.

A dynamic framework for simulating the stabil-
ity of financial networks during ESG shock events
is presented by Sobehart, J.R. (2024). Figure 5 il-
lustrates how time series simulations demonstrate
that ESG shock events, characterized by elevated
volatility and default rates, have a noticeable short-
term effect on financial stability. The resilience and
vulnerability of financial systems are demonstrated
by notable increases in these indicators across pre-
determined time periods, which mimic the possible
results of ESG crises or regulatory changes.

Financial Network Stability Under ESG Shock Events
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Figure 5 — Financial Network Stability in the Face of ESG Shock Events
Note — compiled by the authors based on Sobehart (2024)
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A visual representation of the financial network’s
stability in the case of an ESG shock is presented in
Figure 6. The annotations highlight the brief effects
of ESG shock events on these metrics by indicating
the times when they happened. The graphic displays
volatility and default levels over time.

1. Simulation of Time Series:

- Produces statistics on default rates and vola-
tility across 100 time periods (weekly starting in
2020).

- ESG Shock Events: To mimic the effects of
ESG-related crises or regulatory changes, they raise
volatility and default rates at particular intervals
(such as months 20, 50, and 80).

2. Annotations:

- Vertical dashed lines mark the occurrence of
ESG shocks, with text annotations labeled as “ESG
Shock” to make these events prominent.

3. Plot:

- The time series graph shows how volatility and
default rates vary over time, highlighting the effect
of ESG shocks on financial stability.

Running this code will produce a time series
plot with annotated ESG shock events, offering a
visual representation of how such events influence
financial stability indicators over time.

This study analyzes key findings and com-
parative insights into the implementation of ESG
practices within green economy frameworks. The
findings focus on the role of ESG in enhancing cor-
porate innovation, risk management, and sustain-
able development across industries and regions,
with particular emphasis on the impacts on the man-
ufacturing and financial sectors. In line with recent
studies, these results underscore the positive effects
of ESG frameworks on firm innovation, resilience,
and environmental performance while highlighting
existing challenges, such as reporting inconsisten-
cies and funding limitations.

1. The Role of ESG in Corporate Innovation and
Financial Stability

Integrating ESG factors has proven significant
in driving innovation within firms, mainly through
developing eco-friendly technologies and sustain-
able products. Recent data analysis reveals that
firms with strong ESG practices demonstrate higher
innovation outputs, a trend supported by the envi-
ronmental and social dimensions of ESG (Lee et al.,
2024).

2. ESG and Risk Management in Green Econo-
mies

In financial contexts, ESG performance has be-
come crucial in assessing a company’s resilience
and risk profile. Firms adhering to robust ESG prac-

tices typically exhibit reduced liquidity and credit
risk, especially in sectors with high exposure to en-
vironmental risks, such as banking and insurance
(Liu & Xie, 2024). For instance, by matching their
investments with sustainability goals, banks with
high ESG scores can better manage liquidity risks.
Cross-sector comparability is limited, and the in-
corporation of ESG into risk models is impeded by
obstacles including non-standardized ESG reporting
(Chaudhry et al., 2023).

3. Obstacles and Drivers of the Green Economy
Transition

The requirement for comparable data and stan-
dardized reporting across businesses and nations is a
major obstacle to the advancement of ESG adoption
(Amel-Zadeh & Serafeim, 2017). However, the Eu-
ropean Union’s commitment to the green transition
through the European Green Deal offers a powerful
incentive for enhanced public-private sector collab-
oration and the universal adoption of green financ-
ing techniques (Neagu et al., 2024). Furthermore,
outside funding — particularly from organizations
like the Asian Development Bank is essential for
promoting green initiatives and strengthening green
financing capacities in developing nations like Ka-
zakhstan (Berstembayeva et al., 2024).

Conclusion

The study shows how creative ESG risk assess-
ment techniques may be applied within Kazakh-
stan’s green economy framework and are crucial
for enhancing business resilience and promoting
sustainable economic growth. Businesses may effi-
ciently solve sector-specific difficulties and connect
with green economy goals by integrating ESG crite-
ria with risk management. The results demonstrate
the strategic significance of ESG for accomplishing
economic and environmental goals across industries
globally and emphasize the critical role that ESG
practices play in fostering sustainable growth and
enhancing resilience.

This study examined cutting-edge strategies for
improving ESG risk assessment and determined the
best practices and models suggested by Kazakh-
stan’s framework for the development of a green
economy. Several important conclusions emerged
from the analysis:

1. ESG Integration in business Strategy: This il-
lustrated how ESG considerations, which were for-
merly centered on resolving social and environmen-
tal concerns, are now essential to business strategy
as they offer financial risk resilience and promote
sustainable growth.
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2. Sector-Specific Challenges and ESG Adapta-
tion: particular barriers that impact different indus-
tries, include uneven ESG ratings and data transpar-
ency. It emphasized how company resilience may
be enhanced by tailoring ESG indicators to sector-
specific requirements, particularly in high-impact
sectors like manufacturing and banking.

3. ESG-Driven Financial Stability and Innova-
tion: ESG practices, especially during periods of
economic turbulence, improve liquidity and reduce
systemic risks. Adoption of ESG was also favor-
ably connected with sustainable growth and labor
productivity, opening the door to innovation-driven
economic resilience.

4. Regional Adoption of ESG Standards: De-
spite resource and legal constraints, emerging mar-
kets, like Kazakhstan, are increasingly adopting
ESG standards, highlighting a trend towards align-
ment with the green economy.

The study’s models show how ESG measures
may be successfully included into financial risk as-
sessment frameworks to support sustainable growth
and business resilience. Among the most influential
models are:

1. VaRESG, a sophisticated model presented by
Capelli et al. (2023) that improves on standard VaR
by including ESG components using an adjusted co-
variance matrix and an entropy-based metric, offer-
ing a better understanding of how ESG affects finan-
cial resilience. Time series and 3D charts are used
to illustrate the model’s flexibility and response to
different ESG weightings. VaRESG is a useful tool
for portfolios that prioritize sustainability in risk
management since it provides a simplified, compre-
hensive ESG-adjusted risk assessment in contrast to
models like CVaR and Monte Carlo simulations.

2. Sector-Specific ESG Scoring: In order to
show flexibility in international marketplaces, Mure
et al. (2024) created a model specifically for SMEs
that offer a self-assessment tool that correlates with
EU market structures.

3. ESG Risk Spillover Model: Using financial
network analysis, Li, Qin, and Wu (2023) demon-
strated how ESG might reduce systemic risks by en-
hancing network resilience.

4. Green Economy Complexity Matrix: To
promote green economy transitions, Bublyk et al.
(2023) used transition matrices to assess sector-spe-
cific sustainability levels.

Each model emphasizes how important ESG is
for improving risk management, resilience, and sus-
tainable development in a range of economic envi-
ronments.
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Even though there are many academics that ac-
tively study ESG, this evaluation of the literature
identifies important gaps that present chances for
more study to enhance comprehension and enhance
applicability across industries, especially in the con-
text of the green economy. ESG considerations are
crucial in directing businesses toward ecologically
and socially responsible practices as global initia-
tives strive for sustainable growth. Among the ma-
jor gaps found are:

Sector-Specific ESG Metrics: Accurate evalua-
tion and benchmarking of ESG performance across
sectors are hampered by the absence of standard-
ized, industry-specific ESG measurements, which
is essential for advancing green economy goals and
regularly evaluating environmental impact;

Data Comparability and Transparency: Ham-
pered by inconsistent ESG reporting procedures,
which make it difficult to assess ESG impacts con-
sistently across industries, particularly when gaug-
ing the advancement of green economic objectives;

Long-Term Impact Analysis: Although a lot of
research focuses on short-term results, more lon-
gitudinal studies are required to comprehend how
ESG integration affects corporate performance and
resilience over the long run, especially in industries
like infrastructure, finance, and renewable energy
that are vital to the green economy;

ESG Factor Integration in Risk Management:
Little is known about how ESG elements may be
successfully incorporated into conventional risk
management frameworks across industries to im-
prove resilience, which is crucial in a green economy
where environmental threats are more significant;

Influence of ESG on Innovation: Since the
link between ESG practices and innovation differs
greatly by industry, further research is needed to de-
termine how ESG activities support or impede in-
novation in green industries, which in turn promote
sustainable development;

Industry and Regional Comparability: Few
studies address ESG’s impact across diverse geo-
graphic regions and economic contexts. Compara-
tive research, especially on green finance in emerg-
ing markets like Central Asia and Eastern Europe,
is crucial for a global perspective on ESG practices
within the green economy.

Addressing these gaps, as revealed through this
literature review, will provide a more comprehen-
sive understanding of ESG’s role in advancing the
green economy, allowing businesses and policy-
makers to integrate sustainable principles more ef-
fectively into corporate strategies worldwide.
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