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Abstract

Although climate change is increasingly recognized as a material risk for firms, the extent
to which climate-related risks are operationally integrated into enterprise risk management
(ERM) processes remains unclear. This article presents a structured literature review to
answer the question of how firms have integrated climate risk assessment, considering both
physical and transition risks, into ERM processes. Following the PRISMA 2020 protocol,
22 published articles from Web of Science and Scopus, published between 2018 and 2026,
were included in the review. Articles covering financial institutions, as well as policy-only
and sectoral-only studies, were excluded. The articles were screened through five eligibility
criteria: firm-level focus, governance, risk assessment, climate risk management and/or
ERM, and type of climate risk. All articles were assessed by two researchers to reduce
bias, and Cohen’s kappa was calculated. Following coding and qualitative analysis, the
findings indicate that firms have advanced governance structures, disclosure practices, and
analytical assessment tools for climate risk assessment, while operational integration into
ERM systems remains limited. Results also reveal persistent integration gaps, including
strategic–operational disconnection, temporal and methodological mismatches, symbolic
implementation, and systemic and knowledge barriers. These challenges constrain the
effective translation of climate risk information into risk management practices and strategic
planning. Overall, the study, based only on academic literature, concludes that climate
risk integration is still incomplete and weakly embedded within ERM systems. In the
expanding regulatory landscape, particularly with IFRS S2, the study provides a baseline
for understanding current firm-level practices and future developments in climate risk
integration at the academic level.

Keywords: climate risk; enterprise risk management; physical risk; transition risk; risk
management; climate risk management

1. Introduction
Climate change is increasingly recognized as a material source of economic and fi-

nancial risk for corporations and financial systems. Global risk assessments consistently
highlight climate-related threats among the most severe long-term challenges. For instance,
the Global Risks Report published by the World Economic Forum identifies environmental
risks, particularly the failure of climate action and extreme weather events, among the most
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likely and impactful global risks in recent years [1,2]. These assessments reflect growing
awareness that climate change can generate substantial economic consequences through
physical damage, supply chain disruptions, and broader systemic impacts. Empirical esti-
mates further reinforce this concern. Climate pathways consistent with limiting warming
to 1.5 ◦C or 2 ◦C could generate cumulative global economic impacts of USD 259 trillion
and USD 292 trillion, respectively, between 2015 and 2100, highlighting the magnitude of
the financial implications of climate change [3].

Alongside this growing recognition of financial materiality, the regulatory landscape
surrounding climate-related financial disclosure has evolved. In 2017, the Financial Stability
Board (FSB) established the Task Force on Climate-related Financial Disclosures (TCFD) to
improve the transparency and consistency of climate-related financial reporting for financial
institutions and enterprises [4]. The TCFD recommendations marked a shift in perspective
from focusing solely on how enterprises affect the climate to emphasizing how climate
change affects business performance and financial stability [5]. This regulatory momentum
intensified with the establishment of the International Sustainability Standards Board
(ISSB), which in 2023 issued the IFRS S1 and IFRS S2 standards to create a global baseline
for sustainability and climate-related financial disclosures [6,7]. These developments reflect
a broader transition from voluntary disclosure toward more structured and decision-useful
climate-related financial information.

In response to these regulatory developments, an increasing number of jurisdictions,
including Australia, Brazil, China, the European Union, India, Japan, New Zealand, Switzer-
land, Thailand, the United Kingdom, and the United States, have established regulatory
frameworks or incentives to implement climate-related disclosure practices. Empirical
evidence indicates a growing trend in both the number of firms disclosing climate-related
risks and the sophistication of risk indicators [8]. For instance, corporate climate risk expo-
sure in China has shown notable increases aligned with major regulatory milestones [9],
while compliance levels in France have improved over time [10]. Similarly, the European
Union has advanced toward mandatory disclosure through the Corporate Sustainability
Reporting Directive (CSRD) [11].

Despite this progress, the literature highlights persistent limitations in the quality
and usefulness of climate-related disclosures. Many corporations continue to indicate low
levels of compliance with established standards, often relying on unclear data sources
and inconsistent calculation methodologies [12]. As a result, disclosures are frequently
incomplete or lack reliability, limiting their usefulness for decision-making [8]. Furthermore,
some firms may use climate reporting strategically to enhance legitimacy rather than to
provide substantive risk information [13,14]. These limitations suggest that increased
disclosure does not necessarily translate into effective risk management.

Climate risks are typically categorized into physical risks, associated with acute and
chronic climate impacts, and transition risks, arising from policy, market, and technological
changes [4,15–17]. At the same time, Enterprise Risk Management (ERM) is understood
as an integrated approach to managing organizational risks, aiming to systematically
identify, assess, and respond to risks across the enterprise, resulting in organizational
benefits [18–21].

Enterprise Risk Management (ERM) is conceptualized as a holistic and integrated
approach designed to identify, evaluate, and respond to all types of risks faced by an
organization across all its levels and functions [22–24]. Departing from traditional risk
management, which often operates in isolated “silos,” ERM examines risks jointly to
recognize their interrelationships and provide a comprehensive view of the enterprise’s risk
profile [22,23]. This framework, often structured according to global standards like COSO
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and ISO 31000, aims to align an organization’s risk appetite with its mission, strategy, and
business objectives [22–25].

Beyond mere regulatory compliance, effective ERM implementation is associated with
increased firm value, improved financial reporting quality, and enhanced organizational
resilience against systemic global challenges [22,24,25]. Moreover, when facing complex
pressures such as climate risk exposure, ERM drives firms to restructure their strategic
positioning, often leading to a trade-off between strategic aggressiveness and passive de-
fensiveness, while prompting proactive shifts toward active vertical integration to mitigate
systemic shocks and ensure long-term stability [26].

However, despite the growing emphasis on climate risk disclosure, the extent to which
these risks are operationally integrated into ERM processes remains unclear. Existing
research indicates a lack of unified assessment frameworks and limited consideration of
risk transmission mechanisms, opportunities, and adaptive capacity [27–30]. In addition,
previous studies have reported that organizational silos between sustainability and risk
management functions persist, contributing to the continued fragmentation of approaches
to climate risk integration [11,31,32].

The operational integration of risk within an Enterprise Risk Management (ERM)
framework is conceptualized as the holistic and systematic embedding of risk identification,
assessment, and response across all organizational levels and functional units [22,24,25].
This approach moves beyond traditional functional “silos” to ensure that risk manage-
ment becomes an integral part of the firm’s business strategy, aligning risk appetite with
mission and core values to improve strategic decision-making [23]. Effective operational-
ization transforms risk management from a reactive compliance exercise into a proactive,
performance-enhancing mechanism that reduces operational surprises and future perfor-
mance volatility [22,24].

In response to systemic challenges, operational integration also extends to strategic
structural adjustments, such as adopting vertically integrated supply chain strategies to
increase control over resources and mitigate volatility [26]. Ultimately, this comprehensive
integration strengthens organizational resilience and secures a competitive advantage by
embedding a proactive risk culture into the daily execution routines of the business [24].

Despite the increasing regulatory momentum and expansion of disclosure practices,
the literature provides limited evidence on how non-financial corporations operationalize
climate risk assessment within ERM systems. This study is guided by the following research
question: How has peer-reviewed academic literature addressed the integration of climate-
related risks into enterprise risk management at the firm level? To address this question, a
systematic literature review and bibliometric analyses were conducted to assess the extent
to which climate risks are operationally integrated into ERM systems, based exclusively on
peer-reviewed articles.

The article is structured as follows: Methods (Section 2) describes the methodologies
applied to conduct the literature review; Results and Discussion (Section 3) present the
main findings from the structured literature review, highlighting aspects of climate risk in-
tegration into ERM; Implications for ERM Practice (Section 4) provides a business-oriented
interpretation of the results in light of the research question, proposing integration path-
ways and a conceptual interpretation of maturity levels derived from the literature; and
the Conclusion (Section 5) summarizes the key contributions and recommendations for
future research.

2. Methods
In this study, a combined methodological approach was adopted, integrating a struc-

tured literature review (SLR) with a bibliometric analysis. This approach enables the
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quantitative assessment of selected articles while supporting the development of a scientifi-
cally grounded and critical understanding of the research topic [33]. Similar methodological
approaches have been adopted in other studies within the climate research field [33–38].

The review process was guided by the PRISMA 2020 (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) method [39], and the PRISMA checklist was
completed (File S1). The checklist provides a set of checkpoints to ensure methodologi-
cal rigor in systematic literature reviews (SLR), thereby enhancing the robustness of the
findings. This method has been widely adopted in studies related to sustainability and
management [33,36–38]. The review did not have its protocol registered.

The literature review process following the PRISMA method was structured into three
main stages: 2.1 Identification, 2.2 Screening, and 2.3 Inclusion.

2.1. Identification

Peer-reviewed articles were identified through systematic searches in the Scopus
and Web of Science (WoS) databases, selected due to their extensive coverage of peer-
reviewed academic journals and relevance to the fields of sustainability, risk management,
and corporate studies. The search strategy combined keywords related to climate risk
(physical and transition), corporate context (company, business, enterprise), and ERM (risk:
i. management, ii. assessment, iii. framework, and iv. strategy). Subject area exclusions
were applied to remove studies from disciplines not directly relevant to the research focus,
such as medicine and the arts.

Only peer-reviewed journal articles and review papers were included to ensure scien-
tific rigor and reliability. Grey literature, book chapters, and editorials were excluded due
to their limited methodological consistency and lack of standardization, which would make
comparability among studies difficult. This emphasizes the importance of standardization
and proper reporting in systematic reviews [40,41].

The temporal scope (January 2015–March 2026) was defined to capture the period
following the signing of the Paris Agreement, when the climate risk agenda and its incor-
poration by the corporate sector became more prominent. The review considered articles
published up to 30 March 2026. No restrictions were applied regarding geographic scope,
allowing for a globally representative perspective.

Through the initial screening, 190 peer-reviewed articles (Scopus: 67; WoS: 123) were
identified following the search criteria (Table 1). All identified records were exported and
consolidated into a single database, and duplicate entries across the two sources were
identified and removed prior to the screening stage. A total of 16 articles were eliminated
due to duplicate records.

Table 1. Criteria applied in the databases search.

Criterion Description

1. Time period From 2015 to March 2026.

2. Document type Original research articles and review papers published in peer-reviewed scientific journals.

3. Language English.

4. Search fields Title, abstract, and keywords
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Table 1. Cont.

Criterion Description

5. Scopus query string

(TITLE-ABS-KEY((“corporation*” OR “company*” OR “business*” OR “enterprise*”) AND
(“physical climate risk” OR “transition climate risk” OR “climate risk”) AND (“Enterprise
Risk Management” OR “ERM” OR “risk management” OR “risk assessment” OR “risk
framework” OR “risk strategy”)) AND PUBYEAR > 2014 AND PUBYEAR < 2027) AND
(climate risk management) AND (climate risk assessment) AND (enterprise) AND (firm)
AND (climate risk) AND (LIMIT-TO (PUBSTAGE,”final”)) AND (EXCLUDE
(SUBJAREA,”MEDI”) OR EXCLUDE (SUBJAREA,”ARTS”) OR EXCLUDE
(SUBJAREA,”PHYS”) OR EXCLUDE (SUBJAREA,”BIOC”) OR EXCLUDE
(SUBJAREA,”PSYC”)) AND (LIMIT-TO (DOCTYPE,”ar”)) AND (LIMIT-TO
(LANGUAGE,”English”))

6. Web of Science query string

(TOPIC((“corporation*” OR “company*” OR “business*” OR “enterprise*”) AND (“physical
climate risk” OR “transition climate risk” OR “climate risk”) AND (“Enterprise Risk
Management” OR “ERM” OR “risk management” OR “risk assessment” OR “risk
framework” OR “risk strategy”)) AND YEAR PUBLISHED (2014–2027) AND DOCUMENT
TYPE (Article) AND LANGUAGE (English) NOT WEB OF SCIENCE CATEGORIES
(“MEDI” OR “ARTS” OR “PHYS” OR “BIOC” OR “PSYC”)

2.2. Screening

Eligibility criteria were defined to provide guidance and alignment for the screening
stage. They were established a priori to ensure alignment between the research question,
the conceptual scope of the review, and the subsequent coding and synthesis procedures.
In accordance with PRISMA 2020 [39], the eligibility criteria specified the inclusion and
exclusion boundaries used during title/abstract screening and full-text assessment, thereby
supporting transparency and replicability in the selection process.

The eligibility criteria were grounded in five analytical dimensions derived from the
objective of the review: (i) firm-level focus, (ii) governance, (iii) risk assessment, (iv) climate
risk management and/or enterprise risk management, and (v) type of climate risk. The
firm-level focus delimited the unit of analysis to non-financial corporations and productive
sectors of the real economy. Governance and risk assessment captured the organizational
processes through which climate risks are identified, evaluated, addressed, assigned, and
overseen. The climate risk management and/or ERM criterion ensured alignment with
the review’s focus on risk-management integration, while the type of climate risk criterion
enabled differentiation and mapping between physical and transition risks. Table 2 presents
these dimensions. These criteria were used exclusively to determine study eligibility; the
final included studies were subsequently subjected to quality appraisal and thematic
coding (Section 2.4).

The first screening was conducted on the records obtained from the identification
stage (Scopus: 67 articles; WoS: 107), through title and abstract screening, with the aim of
removing those focused on (i) recommendations for financial institutions or financial use
cases, (ii) explicit mention of policy building or recommendations, or (iii) sectoral view only
(non-eligibility criterion). It is important to clarify that “sectoral view only” means that
companies were not included and that only the broader sectoral perspective was considered.
The exclusion of financial institutions was a deliberate scope definition to ensure analytical
consistency linked to firms. Risk management practices in financial institutions follow
distinct regulatory and methodological logics, which differ substantially from non-financial
corporations. This process resulted in the exclusion of 52 records (Scopus: 18 articles; WoS:
34). Only one record from the insurance sector was retained because of its abstract explicitly
reported results from companies.
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Table 2. Qualitative elements used as eligibility criteria during screening.

Dimension Description and Aspects

1. Firm-level focus
Productive sectors of the real economy and non-financial corporations. Ensures
that the review addresses non-financial corporations and productive sectors, rather
than banks, insurers, regulators, macro-policy studies, or a sectoral approach.

2. Governance Captures whether climate risk is connected to decision-making structures, roles,
responsibilities, and board/management oversight.

3. Risk assessment Ensures that included studies discuss tools, frameworks, scenarios, indicators,
monitoring, or assessment practices.

4. Climate risk management and/or ERM Aligns the sample with the core research question on integration into risk
management systems.

5. Type of climate risk Allows the review to distinguish between physical risk, transition risk, or both.

Subsequently, articles selected for retrieval were analyzed through abstract screen-
ing (Scopus: 49 articles; WoS: 73), following the methodology adopted in similar
studies [37,42], to identify the qualitative relevance of the selected studies based on the
predefined dimensions. This process was designed to ensure that only studies aligned
with the scope of the review and the research question were included. The identification of
qualitative relevance during the screening process followed a binary approach, in which
only articles meeting at least one predefined qualitative element (Table 2) were considered.
Among the abstracts reviewed, 54 reports (Scopus: 9; WoS: 45) were excluded because they
did not meet the eligibility criteria (Table 2).

Finally, a total of 68 peer-reviewed articles (Scopus: 40; WoS: 28) were selected for
full-text in-depth analysis. This final screening stage was guided by the identification of the
predefined qualitative elements (Table 2) in the full texts, enabling a deeper understanding
of the integration of climate risk into ERM in relation to the research question. The authors
used a summary table presenting extracted data generated by NotebookLM, detailed in
Supplementary Material (File S2), which also includes additional reference supporting
the discussion on climate risk management and sectoral adaptation [43]. This table was
used to confirm whether the articles presented qualitative information for each criterion.
In addition, reports that mainly consisted of compliance analyses of frameworks were
excluded. After the eligibility assessment, 46 articles were excluded (Scopus: 29; WoS: 17).
Six reports were excluded because full-text access was not available due to institutional
access limitations.

Inter-rater reliability was assessed during the eligibility screening stage using Cohen’s
kappa (k). Two reviewers independently applied the eligibility criteria to 68 records selected
for full-text in-depth analysis. The reviewers agreed on 22 included and 40 excluded records,
resulting in κ = 0.812, indicating almost perfect agreement. Disagreements were resolved
through discussion before defining the final sample.

2.3. Inclusion

After the full-text in-depth analysis, a total of 22 peer-reviewed articles (Sco-
pus: 11; WoS: 11) that met all the eligibility criteria were considered for this study.
Figure 1 (PRISMA flow diagram) shows the PRISMA stages strictly followed in this sys-
tematic literature review.
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Figure 1. Results of literature review following PRISMA 2020.

All articles excluded from the initial set of 190 articles are presented in File S3
for transparency.

An overview of the evolution and distribution of the research was conducted for the
22 selected peer-reviewed articles (Table 3) using the bibliometrix package version 5. 3.0 [36]
in the R environment, complemented by the interactive graphical interface biblioshiny.

Table 3. Articles included in review following PRISMA 2020.

Author Year Title Source

Thistlethwaite, J. et al. [44] 2018 Insurance and Climate Change Risk Management: Rescaling to
Look Beyond the Horizon Scopus

Kouloukoui, D. et al. [45] 2020 The impact of the board of directors on business climate change
management: case of Brazilian companies WoS

Huang, H.H. et al. [46] 2022 Firm climate risk, risk management, and bank loan financing Scopus

Sousa, D.S. et al. [47] 2022 A systemic approach for climate risk assessment applied to
thermoelectric power plants in northeastern coast of Brazil WoS

Ren, X. et al. [48] 2022 Climate risk and corporate environmental performance:
Empirical evidence from China Scopus

Singh, S. et al. [49] 2023 Enhancing climate resilience in businesses: The role of
artificial intelligence WoS

Kouloukoui, D. et al. [50] 2025 Business climate risk management: international perspectives
and strategic determinants WoS
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Table 3. Cont.

Author Year Title Source

Megeid, N.S.A. [51] 2024 The impact of climate risk disclosure on financial performance,
financial reporting and risk management: evidence from Egypt WoS

Juhola, S. et al. [43] 2024 Climate risks to the renewable energy sector: Assessment and
adaptation within energy companies Scopus

Tang, Y. et al. [52] 2024 Green Response: The Impact of Climate Risk Exposure on
ESG Performance WoS

Bachmann, L. et al. [53] 2024 Climate-resilient strategy planning using the SWOT
methodology: A case study of the Japanese wind energy sector WoS

Hazelhurst, T. et al. [54] 2024 Dollars and Sense; Reviewing Industry Implementation of the
Climate-Related Disclosures Mandate in New Zealand WoS

Fang, X. [55] 2024 Can climate risk exposure compel companies to undergo a
green transformation? Scopus

Georgiou, A. et al. [56] 2024 Climate Change Risk and Financial Performance in Cyprus:
Management Perceptions Scopus

Xhindole, C. et al. [11] 2025
Climate change and Task Force on Climate-related Financial
Disclosures (TCFD) reports. A comparison between Italy
and Spain

Scopus

Kumarasiri, J. et al. [57] 2025 Climate-Related Risk Reporting and the Role of
Management Accountants Scopus

Pang, X. et al. [12] 2025 Information Disclosure in the Context of Combating Climate
Change: Evidence from the Chinese Natural Gas Industry Scopus

Zhang, L. et al. [58] 2025 The impact of climate risk on sustainability performance of
enterprises: Evidence from China WoS

Karatzoudi, K. et al. [59] 2025 Conceptual perspectives on climate risk disclosures for
businesses and public sector WoS

Lee, C.-C. et al. [60] 2025 Corporate competition in climate scenario analysis: Current
challenges and solutions Scopus

Ren, Y. et al. [61] 2026 Before the rain falls: corporate climate risk perception and
supply chain stability WoS

Dou, Y. et al. [62] 2026 Does climate risk inhibit enterprise resilience? Evidence from
Chinese listed companies Scopus

Analyses were performed on annual scientific production, word clouds, thematic
maps, and term co-occurrence networks, enabling a systematic mapping of the literature on
the topic. Graphs were generated to present the results and are detailed in File S4, together
with additional references that are cited exclusively in the Supplementary Material [63–65].
Although the search strategy in the databases covered the period from 2015 onward, after
the PRISMA screening process, the included studies covered the period from 2018 onward.

2.4. Data Extraction, Coding and Thematic Synthesis

While the eligibility criteria were used to determine whether articles were included in
the review, the coding categories were applied after full-text selection to examine how the
included studies addressed each analytical dimension of the search strategy and eligibility
criteria, with particular attention to depth, mechanisms, integration, and limitations, as
adopted in other studies [33,37].

After the final sample of 22 articles was defined, each article was analyzed using a
standardized data extraction matrix. The extraction fields were designed to ensure that in-
formation relevant to the research question was collected consistently across studies. These
fields reflected the analytical dimensions that guided the search strategy and eligibility
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criteria, including firm-level focus, governance, risk assessment, climate risk management
and/or ERM, and type of climate risk. Table 4 summarizes the extraction fields used in the
review and their analytical function in supporting the subsequent coding and synthesis.

Table 4. Data extraction fields used in the review.

Extraction Field Description Analytical Function

Level of analysis Firm, asset, sector, systemic, financial or
mixed level Supports firm-level focus coding

Sector
Productive sector, non-financial
company, financial perspective, or
systemic context

Assesses alignment with the
review scope

Governance descriptions Decision-making processes, roles,
and responsibilities Supports governance coding

Risk assessment details Frameworks, tools, metrics, monitoring
practices, and strategic approaches Supports risk assessment coding

Climate risk management/ERM Explicit evidence of climate risk
management and/or ERM integration

Supports management and
ERM coding

Type of climate risk Physical, transition, combined, or other
climate-related risks

Supports climate risk
typology coding

Key contributions Main contribution of the article Supports synthesis

Quality appraisal Methodological transparency, analytical
depth, evidence strength, and usefulness Supports evidence weighting

The coding and synthesis procedure followed a sequential and iterative logic com-
posed of four steps. First, the standardized extraction matrix was completed for each
article to organize descriptive information and relevant textual evidence according to
the predefined analytical dimensions. Second, the extracted material was categorized
using a deductive coding framework derived from the review scope and research question.
These deductive categories captured whether and how each study addressed firm-level
focus, governance, risk assessment, climate risk management/ERM, and climate risk ty-
pology. Third, during full-text reading, the authors added inductive analytical codes to
capture recurrent patterns that were not fully anticipated by the initial framework, such as
strategic–operational disconnection, temporal misalignment, methodological uncertainty,
disclosure-driven implementation, symbolic implementation, and knowledge barriers.
Fourth, the coded evidence was consolidated by comparing recurring code combinations
across the final sample and grouping them into second-order analytical categories and
higher-order themes.

In practical terms, the categorization process moved from article-level evidence to
cross-study synthesis. Descriptive codes were first used to identify the presence, absence, or
partial treatment of specific dimensions, such as board oversight, scenario analysis, physical
risk assessment, transition risk assessment, or ERM integration. Interpretive codes were
then applied when the extracted evidence indicated a broader analytical pattern, such as
formal governance without operational embedding or disclosure-oriented implementation
without clear evidence of decision-making effects. The synthesis was developed by com-
paring these descriptive and interpretive codes across the 22 studies, identifying repeated
combinations, and consolidating them into broader themes. This procedure enabled the
review to distinguish between isolated article findings and recurrent patterns supported by
multiple studies.
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The coding framework was developed from the analytical dimensions that guided
the review. These dimensions were used as deductive coding categories because they
represented the core constructs required to answer the research question. However, cod-
ing was analytically distinct from screening under PRISMA. While screening determined
whether articles met the inclusion criteria, coding examined how each included article
addressed the dimensions in terms of depth, mechanisms, integration, and limitations.
Inductive analytical codes were created to capture recurrent patterns not fully anticipated
by the initial framework, such as strategic–operational gaps, temporal misalignment,
methodological uncertainty, disclosure-driven implementation, symbolic implementa-
tion, and knowledge barriers. The operational codes were defined based on the dimen-
sion’s content presented and identified by the authors during the full abstract reading.
Table 5 presents the main coding categories and operational codes used to classify the
extracted evidence.

Table 5. Coding categories and operational codes.

Coding Category Main Operational Codes Analytical Purpose

Firm-level focus FL-FIRM; FL-REAL; FL-SECTOR;
FL-FIN; FL-SYSTEMIC

Identifies whether the article analyzes
companies, productive sectors, or
corporate implications through sectoral,
financial, or systemic perspectives

Governance
GOV-BOARD; GOV-MGMT;
GOV-RISKCOM;
GOV-SILO; GOV-CROSS

Captures roles, responsibilities, and
decision-making structures

Risk assessment RA-FRAME; RA-SCEN; RA-METRICS;
RA-EXPOSURE; RA-DATA; RA-METH

Captures frameworks, tools, indicators,
scenarios, monitoring, and
methodological limitations

Climate risk management/ERM
CRM-ID; CRM-ASSESS; CRM-MIT;
CRM-MON; ERM-INT;
ERM-PART; ERM-CONCEPT

Captures the degree of integration into
climate risk management and/or ERM

Type of climate risk RISK-PHY; RISK-TRAN; RISK-COMB;
RISK-REG; RISK-MKT; RISK-LIAB Classifies the climate risks addressed

Gap and synthesis codes

GAP-STR-OP; GAP-TEMP;
GAP-METH; SYM-DISC;
SYM-FORMAL;
BARR-KNOW; BARR-SYS

Supports the movement from
descriptive codes to analytical themes

To ensure reliability and consistency in the coding process, the same extraction matrix,
codebook, and operational definitions were applied to all included articles. Coding was
based only on explicit evidence reported in the articles, and each code was assigned accord-
ing to predefined inclusion rules in the codebook. When an article contained ambiguous
evidence or overlapped across categories, the authors compared the extracted passage
with the code definitions and resolved the classification through discussion and consensus.
The coding matrix was subsequently reviewed to verify consistency across articles, iden-
tify redundant or overlapping codes, and confirm that the final themes were supported
by recurring evidence rather than isolated examples. The Supplementary Materials pro-
vide the full data extraction table, codebook, and coding matrix to enhance transparency,
reproducibility, and evidence-to-claim traceability.

To enhance transparency and demonstrate how the coding framework was applied,
selected examples of coded evidence are provided in Table 6. The application of the coding
framework was performed following the full article reading through the individual code
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application by dimension in each article. Subsequently an analytical interpretation of the
code combination was translated to the theme supported as presented in Table 6.

Table 6. Examples of coded evidence and analytical interpretation.

Study Extracted Evidence Applied Codes Analytical Interpretation Theme Supported

Abdel Megeid,
2024 [51]

Board oversight,
TCFD checklist,
scenario analysis,
expected
incorporation into
risk management

GOV-BOARD;
RA-SCEN;
RA-METRICS;
ERM-PART;
SYM-FORMAL

Formal governance and
assessment are present,
but ERM integration is
expected rather
than demonstrated

Symbolic
implementation;
strategic–
operational
disconnection

Sousa et al.,
2022 [47]

IPCC/ISO
frameworks, RCP 8.5,
exposure and
vulnerability metrics,
and
monitoring cycles

RA-FRAME;
RA-SCEN;
RA-EXPOSURE;
RA-MON; RISK-PHY

Strong asset-level
assessment, but limited
evidence of
enterprise-wide
ERM integration

Temporal and
methodologi-
cal gaps

Kumarasiri et al.,
2025 [57]

Disconnect between
strategic and
operational levels,
external consultants,
and limited
ERM integration

GOV-SILO;
RA-METH; ERM-
PART; GAP-STR-OP

Climate risk governance
remains weakly
embedded in
operational routines

Strategic–
operational
disconnection

Xhindole et al.,
2025 [11]

TCFD reports,
governance
committees, time
horizons, and
narrative disclosure

RA-FRAME;
RA-SCEN;
GAP-TEMP; SYM-
DISC; ERM-PART

Disclosure is structured,
but ERM integration
depends heavily on
narrative reporting

Symbolic
implementation;
temporal and
methodologi-
cal gaps

The table illustrates the analytical movement from extracted evidence to applied
codes, interpretation, and theme support. These examples were selected to show how the
coding procedure moved beyond a binary presence/absence classification used during the
PRISMA method and evolved to support the identification of recurrent patterns across the
reviewed literature providing consolidated results and discussions.

After coding the extracted evidence, recurring combinations of codes were compared
across the final sample. These code combinations were grouped into second-order analytical
categories and then synthesized into higher-order themes. This process enabled the review
to move from article-level evidence to cross-study patterns. Table 7 summarizes the
analytical pathway from first-order codes to second-order categories and final themes,
which structure the presentation of the results.

The consolidation of evidence was therefore not limited to counting the occurrence
of individual codes. Instead, the synthesis considered how codes appeared together and
what these combinations indicated about the maturity, depth, and limitations of climate
risk integration into corporate risk management and ERM. For example, the simultaneous
presence of governance and risk assessment codes, combined with partial or absent ERM
integration, supported the interpretation of strategic–operational disconnection. Similarly,
the recurrence of scenario, metrics, data, and methodological limitation codes supported
the theme of temporal and methodological gaps. This approach allowed the review to
generate an analytical synthesis while preserving traceability between the original extracted
evidence, the applied codes, and the final themes.
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Table 7. From codes to analytical themes.

First-Order Codes Second-Order Analytical Category Final Theme

GOV-BOARD; GOV-MGMT;
ERM-PART; ERM-OP absent;
GAP-STR-OP

Formal recognition without
operational integration Strategic–operational disconnection

RA-SCEN; RA-METRICS; RA-DATA;
RA-METH; GAP-TEMP

Long-term, uncertain, and uneven
assessment practices Temporal and methodological gaps

RA-FRAME; SYM-DISC;
SYM-FORMAL; ERM-CONCEPT

Disclosure-oriented or formalistic
implementation Symbolic implementation

BARR-KNOW; BARR-DATA;
BARR-STD; BARR-REG; BARR-SYS

Capability, institutional, and
systemic constraints Systemic and knowledge barriers

These themes provide an analytical structure for the results. “Strategic–operational
disconnection” captures the gap between climate risk recognition and operational integra-
tion. “Temporal and methodological gaps” reflect the challenges associated with long-term
scenarios, data uncertainty, metrics, and methodological comparability. “Symbolic imple-
mentation” captures cases in which climate risk practices are primarily disclosure-oriented
or formally adopted without clear evidence of substantive decision-making effects. Fi-
nally, “systemic and knowledge barriers” refer to the broader capability, institutional, and
methodological constraints that limit the integration of climate risk into corporate risk
management and ERM. Full data extraction table, codebook, and a coding matrix are
provided at File S5.

Generative artificial intelligence was used to support the organization of extracted
data. NotebookLM Plus was employed to structure information such as titles, abstracts,
keywords, and qualitative elements into tables. All AI-assisted outputs were critically
reviewed, validated, and refined by the authors. The authors retain full responsibility
for the interpretation, analysis, and conclusions presented in this study. The authors
acknowledge the use of ChatGPT (OpenAI) for brainstorming, refining research questions,
and structuring the literature review section of this study. All final conceptual decisions
and interpretations are those of the authors. ChatGPT-5.4 Thinking was specifically used to
build Figures 2–4. Supplementary Material (File S6) provides a table reporting the tools
used, the purpose of use or figure supported, the prompt applied, the nature of the output
generated, and the validation procedure for each AI tool used.

2.5. Limitations of the Research

This review is strictly intended to describe academic literature in order to under-
stand the science-based landscape regarding the research question. Therefore, broad
regulatory standards and corporate reports, such as TCFD/ISSB guidance, COSO mate-
rials, risk-management frameworks, and practitioner methodologies, were consciously
not included in this review. The authors acknowledge that excluding practitioner and
regulatory documents restricts the extent to which the findings can be generalized to actual
corporate practice.

Although the sample is consistent with the focused eligibility criteria adopted in
this review, it should be interpreted as a concentrated body of evidence rather than as
a comprehensive representation of the entire field. Therefore, the findings are better
understood as analytically informative patterns emerging from the selected literature,
rather than statistically generalized conclusions.

As this field of knowledge is still developing, some of the categories and themes
identified in the Results and Discussion should be interpreted with caution. The proposed
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themes, including organizational disconnection, symbolic implementation, and systemic
or knowledge-related barriers, are derived from the available evidence but may evolve as
more empirical studies are published.

3. Results and Discussions
This section presents the results obtained from the SLR with a qualitative synthesis

of the studies included. Building on this, the section advances the qualitative analysis
based on the five predetermined analytical dimensions. This approach enables a systematic
examination of how firms incorporate climate risk into their risk management processes,
linking observed practices presented to implications for risk identification, prioritization,
and strategic decision-making. The combined analysis provides a basis for identifying
cross-dimensional patterns and gaps in the integration of climate risk into ERM in peer-
reviewed articles.

3.1. Systematic Literature Review (SLR)

The SLR was conducted in accordance with the predefined eligibility criteria. The
results regarding the research analysis are presented in subsections corresponding to the
five dimensions described in Table 2, covering, respectively: 3.1.1. Firm-Level Focus
and Sectoral Scope; 3.1.2 Governance of Climate Risk; 3.1.3 Climate Risk Assessment
Practices; 3.1.4 Integration with ERM; and 3.1.5 Treatment of Physical and Transition
Risks. A structured synthesis of the main findings from the literature for each eligibility
criterion dimension is presented in Table 7, highlighting the elements identified through
the systematic literature review (SLR). Additionally, the key observations in terms of the
integration patterns are presented in Section 3.1.6, and, finally, Section 4 presents the
identification of the main gaps presented by the literature. As established in the methods
section, the analysis reflects exclusively the findings from the peer-reviewed literature and
reflects the analytical themes. As referenced in the Introduction, this study frames climate
risk integration into ERM as an organizational alignment problem across governance, risk
assessment practices, and ERM processes, rather than a lack of tools or frameworks.

3.1.1. Dimension 1: Firm-Level Focus and Sectoral Scope

The results indicate that climate risk is being studied extensively across a wide range
of industries and operational functions within the real economy, reflecting its status as
a material and systemic threat that impacts corporate assets, infrastructures, and value
chains [50,51,66]. The literature covers both high-emission carbon-intensive industries and
vulnerable non-financial sectors [48,50,62]. Sectoral coverage is broad, including industrial,
economic, and public sectors.

The analyzed articles focused on broad multisectoral groups of firms across different
regions. For instance, Chinese listed firms [62], well-known Taiwanese firms [8], diversified
US firms [46], among others. The energy sector emerges as a central focus in literature,
representing 18% of the reviewed studies. It was covered from natural gas to renewable
energy, reflecting its dual role as both a high-emitting sector and a set of assets exposed to
climate risks. More broadly, the energy sector is identified as one of the most exposed to
climate risks, followed by sectors such as basic materials [50]. Five main sectoral groupings
emerge as particularly prominent:

Energy and Extractive Industries: This is a primary area of focus due to the sector’s
high exposure to transition risks (policy and regulation) and physical risks to infrastruc-
ture [43,47,50].

Fossil Fuels: Extensive research covers oil and gas (exploration, production, and
refining), natural gas, and coal and consumable fuels [12,45].
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Renewable Energy: Studies investigate the wind energy sector, including offshore wind
in Japan and energy firms in Finland, and the broader renewable energy market [59,60].

Power Generation: Research evaluates thermoelectric power plants, electric utilities,
and the electric power sector [47].

Mining: Large-scale metals and mining operations are studied for their environmental
impact and vulnerability to extreme weather [45].

Overall, while sectoral analyses provide important insights into the distribution and
nature of climate risks across industries, they remain largely focused on exposure and
vulnerability. As such, they offer limited evidence on how climate risks are incorporated
into ERM processes at the firm level.

3.1.2. Dimension 2: Governance of Climate Risk

The literature identifies structured governance arrangements for climate risk. It
presents a hierarchy that begins with the Board of Directors, extends through specialized
committees and high-level executives, and includes cross-functional teams and outside
experts integrated into firms’ committees. In principle, these governance arrangements aim
to ensure that climate-related financial risks and opportunities are identified, evaluated,
and embedded into long-term strategic and financial planning and into firms’ core business
strategies [50,59,60]. The governance framework is structured to bridge the gap between
high-level strategic commitment and day-to-day financial and operational management.
However, evidence also points to a persistent gap. The literature finds significant discon-
nection between high-level strategic commitment and operational implementation at the
middle-management level [57]. In addition, the TCFD framework is frequently referenced as
a guiding structure for climate-related governance and reporting, being explicitly mentioned
in approximately half of the reviewed studies. To further examine governance practices for cli-
mate risk, the research findings were organized into three analytical layers: A. Organizational
Structures; B. Roles and Responsibilities; and C. Decision-Making Integration.

Organizational Structures

The literature presents a multi-tiered organizational framework in which responsi-
bility for climate risk is clearly defined across different layers of the corporate hierarchy.
This structure reflects an attempt to formalize climate risk governance within existing
organizational systems. However, the existence of formal structures does not necessar-
ily imply effective integration into ERM processes, as coordination across levels remains
disconnected. The four key structures are:

The Board of Directors (BoD): The BoD is consistently identified as the highest gov-
erning body for climate-related issues, responsible for overseeing the definition of the
organization’s response to climate change and ratifying critical decisions [11,45]. While
this positioning reflects strong top-level commitment, its influence on operational risk
management processes is not always evident.

Board-level Specialized Committees: Many firms establish dedicated board-level com-
mittees with independent directors, such as Sustainability Committees, Risk Management
Committees, or ESG Committees, to provide more focused oversight of climate-related
issues [11,12]. These committees enhance governance visibility but do not necessarily
ensure integration into enterprise-wide risk management processes.

Management-level Committees: Many firms establish dedicated management-level
committees to function at the senior executive or operational level to translate board-level
strategy into daily business practices [11,12]. However, the effectiveness of this translation
varies, and alignment with ERM processes is not consistently achieved.
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Hybrid and External Support: Due to internal expertise gaps, many firms utilize
hybrid structures that involve external specialists for specific tasks such as modeling and
scenario analysis [57]. While this enhances technical capacity, it may also reinforce the
separation between climate analytics and internal risk management systems.

Roles and Responsibilities

Governance roles and responsibilities are typically divided between board-level over-
sight and management-level execution, reflecting a separation between strategic direction
and operational implementation, with specific roles emerging as critical sponsors for cor-
porate climate action, alongside contributions from external experts. This division, while
structurally logical, may contribute to gaps in the integration of climate risk into ERM
processes. The main tasks identified include:

BoD: The board is tasked with ratifying all major decisions related to climate risk and
overseeing the definition of the firm’s climate response strategy. They are responsible for
setting performance objectives, overseeing capital expenditures, and monitoring progress
to ensure that climate issues serve as an input to financial planning [11,45,51]. The BoD
mandate includes strategic approval and ratification; policy and objective setting; financial
oversight; monitoring and accountability; and external participation formalization.

Board-level Specialized Committees: The committee is tasked with driving efficiency,
monitoring targets, and providing a cross-functional vision across multiple geographies
and business units [11]. It is considered one of the most effective tools for pressuring
firms to involve themselves substantively in climate management [45,50]. The Specialized
Committee’s mandate includes execution oversight, risk review, and target tracking; cross-
functional integration; and reporting support.

Management-level Committees: The committee is tasked with operational ownership.
Responsibility is often assigned to management-level positions, such as the Chief Financial
Officer (CFO), who frequently serves as the executive sponsor for all climate-risk-related
matters. The Chief Executive Officer (CEO) is highlighted as a champion whose leadership
is essential for ensuring that climate governance logic is embedded throughout the orga-
nization [54,57]. The management committee mandate includes executive accountability,
internal capacity building, multidisciplinary collaboration, resource allocation, and the
identification and resolution of climate-related risks and opportunities.

Hybrid and External Support: External support is tasked with addressing the complex-
ity of scenario modeling and fulfilling the current lack of internal climate change expertise.
Many firms require reliable suppliers for technical climate risk assessments, including roles
for external experts and consulting firms [57].

Management Accountants: These professionals are identified as having an important
role in providing data for identifying liabilities, conducting cost–benefit analyses, and
developing performance metrics. However, the articles note a current accounting gap,
where middle-level management accountants are often not meaningfully involved in cli-
mate activities, which are incorrectly viewed as the exclusive domain of sustainability
experts [57]. Additionally, the literature highlights a gap in their involvement, suggest-
ing that climate risk activities remain insufficiently embedded in core financial and risk
management functions [54,57].

Decision-Making Integration

A central objective of climate governance is to integrate climate-related information
into corporate strategic and financial decision-making processes, shifting from a defensive
posture to proactive planning. Despite this objective, the extent to which climate considera-
tions are systematically embedded into ERM-driven decision-making remains limited. The
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decision-making instruments identified as enabling improvements in climate governance
are listed below; however, the identification of instruments does not mean they have been
effectively implemented.

Strategic and Financial Planning (Transition Plans): Governance structures must
ensure that climate-related issues serve as inputs to the financial planning process. This
involves identifying how the business model might change to address potential risks
or to capitalize on opportunities in a low-carbon economy. In other words, firms are
increasingly required to develop climate transition plans that align corporate emission
reduction targets, or decarbonization pathways, climate risk management, and strategic
planning with ambitious climate science recommendations. It involves reviewing climate-
related issues when assessing annual budgets, business plans, and capital expenditures [11].

Scenario Analysis: This is an important tool used by governance bodies to explore
future climate conditions (e.g., 1.5 ◦C vs. 3 ◦C warming) and assess the resilience of the
organization’s strategy. Effective integration ensures these scenarios feed directly into
the planning cycle to inform long-term investment horizons. Unlike traditional finan-
cial projections that typically focus on short-term, 3-to-5-year cycles, climate scenario
analysis forces management to think about the future over long-term horizons, such as
2040 and 2050 [51,57]. Nevertheless, its integration into formal ERM processes is not
consistently demonstrated.

Financial Incentive Alignment and Accountability: A key mechanism for ensuring
accountability is the integration of climate-related targets into executive compensation
through management incentive schemes. For instance, some firms weigh climate targets
and key performance indicators (KPIs), such as carbon footprint reduction targets, at 15% to
25% of the total management objectives for bonuses [11]. Moreover, firms are encouraged
to establish executive accountability systems for climate governance, integrating climate
risk management into performance evaluations, board reviews, and enterprise-wide risk
control frameworks [61].

Procedural Constraints Definition: Reviewing purchasing policies in the supply chain
includes the adoption of stricter green compliance standards in supply chain manage-
ment and the selection of suppliers based on shared low-carbon values. Additionally, it
includes establishing institutionalized arrangements, such as long-term contracts with
environmental performance metrics [61].

Capital Allocation: By identifying climate-related risks, including which assets are
most vulnerable through quantitative risk assessment or anticipating regulatory changes
such as carbon pricing policies, governance bodies can prioritize resource allocation toward
mitigation or adaptation projects, rather than just reacting to shocks after they occur [50].
Similarly, they can reallocate capital toward green innovation, energy efficiency, and re-
search and development (R&D), viewing these not only as compliance costs but also as
essential for maintaining market value and competitive advantage [50,55,58]. Yet, these
practices are not systematically linked to enterprise risk prioritization frameworks.

3.1.3. Dimension 3: Climate Risk Assessment Practices

Climate risk assessment practices were examined across four analytical layers: A.
Frameworks; B. Tools; C. Monitoring practices; D. Strategic approaches. These dimensions
capture how firms identify, evaluate, and respond to climate-related risks in practice.
These practices serve different functions, from structuring disclosure to supporting risk
evaluation. The examples presented are not intended to be exhaustive but to illustrate how
those practices are implemented across firms and contexts.
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Frameworks

The literature shows that firms rely on a multi-layered set of frameworks for climate
risk assessment, ranging from high-level global disclosure standards to technical proto-
cols and specialized analytical methodologies [11,47]. These frameworks are designed to
identify vulnerabilities, evaluate financial implications, and inform long-term strategic
resilience. The following types of frameworks were found in the research; the quality of the
use of the frameworks has not been assessed.

Global Standardized Disclosure Frameworks: These frameworks provide the structural
backbone for how firms report climate-related risks to investors and regulators. For
instance, the TCFD Framework is mentioned as a step-change in the climate risk agenda [59].
Building on the TCFD, IFRS S2 requires firms to disclose material information regarding
climate-related risks and opportunities that could affect their cash flow and access to
capital. Correspondingly, many firms use the CDP questionnaire as an internal assessment
framework to identify “inherent risks” with significant financial or strategic impact [50].
While these frameworks enhance standardization and comparability, their application
remains largely disclosure-oriented and does not necessarily translate into operational
integration within ERM systems.

Technical Risk and Adaptation Frameworks: Few peer-reviewed articles were found
to identify firms that integrate climate considerations into established operational and
risk management standards to ensure daily business continuity as exemplified by the
use of standard norms such as: ISO 31000 (Risk Management) [67], used to define the
nature and characteristics of risks and evaluate organizational levels of tolerance; ISO
14090 (Adaptation to Climate Change) [68], used for pre-planning, impact assessment,
and the implementation of adaptation plans; ISO 14001 (Environmental Management Sys-
tems) [69] and ISO 50001 (Energy Management Systems) [70] for environmental and energy
management systems that provide protocols for monitoring and reviewing long-term cli-
mate governance; and COSO (Committee of Sponsoring Organizations of the Treadway
Commission) Framework, which is often used alongside ISO 31000, provides a multidisci-
plinary approach for assessing strategic and operational risk events [11,46,47]. Although
these frameworks offer a pathway for embedding climate risk into organizational processes,
their application remains limited and is not consistently integrated across enterprise-wide
risk management systems.

Specialized Tailor-Made Methodological Frameworks: In addition to standardized
frameworks, the literature shows that firms apply tailored methodologies to address the
complexity of climate risk assessment. One example was found: an 11-Stage Systemic
Methodology, which is a cyclical process developed for power plants to map Cause-and-
Effect Flowcharts, downscale climate models to regional resolutions and validate findings
with stakeholders [47]. While these approaches enhance analytical precision, they are
typically applied in isolated contexts providing standalone inputs to decision-making and
are not systematically linked to ERM processes.

Emerging Regulatory and Regional Frameworks: The literature also highlights the
growing influence of regulatory and regional frameworks, showing that firms adapt their
assessments to comply with specific jurisdictional mandates. The Corporate Sustainability
Reporting Directive (CSRD) and the European Sustainability Reporting Standards (ESRS)
require firms to disclose detailed climate transition plans aligned with the 1.5 ◦C goal.
AASB S2 (Australian Sustainability Reporting Standards) is a mandated standard modeled
on IFRS S2 that specifically requires Australian firms to disclose climate-related financial
risks; NOU 2018 (Norwegian Official Report, in English) is a pioneering national framework
that guides public and private sector entities in disclosing climate risks to infrastructure,
health, and finances [11,54,57,59]. These frameworks contribute to the institutionalization
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of climate risk assessment practices; however, their impact is primarily concentrated on
reporting and compliance, with limited evidence of direct integration into ERM processes.

Tools

The literature identifies that firms use an ecosystem of modeling and analytical tools
to navigate the complexities of climate risk assessment, with scenario analysis emerging as
a central instrument. These tools range from high-level to granular scientific models and
applications designed to quantify physical threats and transition uncertainties. While these
tools enhance analytical sophistication, their application is often project-based, and their
outputs are not consistently integrated into enterprise-wide risk management processes, as
presented below:

Scenario Analysis: Scenario analysis is considered the “cornerstone” of climate risk
disclosure, particularly under the TCFD and IFRS S2 frameworks. It relies on forward-
looking pathways, such as the Shared Socioeconomic Pathways (SSP) and Representative
Concentration Pathways (RCPs) from the IPCC for limiting warming to 1.5 ◦C and a high-
emissions business-as-usual scenario to test the resilience of their business models. For
transition risks, firms frequently adopt the International Energy Agency (IEA) Net Zero
scenario to evaluate the impact of rapid decarbonization on asset values and operating
costs [12,47,50,59].

Climate Modeling: To translate global trends into site-specific data, firms employ
various scientific modeling tools: Global Climate Models (GCMs) to project spatiotemporal
variability in temperature and precipitation; Downscaling Techniques for regional models
(such as the Eta/HadGEM2-ES) to downscale GCM data into regional grids of 1 to 10 km
resolution, providing the spatial precision needed for asset-level risk management; Spe-
cialized Hazard Models, including STORM (synthetic tropical cyclone datasets) and the
Global Wind Atlas, help energy firms assess historical and future risks related to typhoons
and wind energy production; Probabilistic Platforms, such as the open-source platform
CLIMADA, allow firms to integrate hazard maps, exposure data, and vulnerability func-
tions to calculate expected financial losses and the averted losses provided by adaptation
measures [47,49,50,53].

Public Platforms and Data Repositories: Moreover, firms often rely on external datasets
to ground their internal assessments, namely: National Institute for Space Research (INPE)
and National Institute of Meteorology (INMET) in Brazil, which provide downscaled
climate models (such as the Eta Model) and meteorological data for industrial risk as-
sessments; Taiwan Climate Change Projection Information and Adaptation Knowledge
Platform (TCCIP) and Joint Credit Information Center (JCIC) Platforms where firms access
high-resolution, peer-validated physical risk data [47,60].

Third-Party Indices: The research found that firms utilize the Germanwatch Climate
Risk Index (CRI) and CDP questionnaire scores to benchmark their performance and
perception against global peers [48,61].

Despite their analytical sophistication, these tools are often applied as standalone
exercises, and their outputs are not consistently integrated into enterprise-wide risk man-
agement processes.

Monitoring Practices

Monitoring practices are intended to link climate risk assessment with ongoing opera-
tional decision-making. They are intended to bridge the gap between sensing environmen-
tal change and reconfiguring corporate resources to meet that change. Without substantive
monitoring routines, corporate climate responses risk being purely symbolic rather than
effective. The literature identifies a limited set of monitoring practices in terms of KPIs

https://doi.org/10.3390/su18125900

https://doi.org/10.3390/su18125900


Sustainability 2026, 18, 5900 19 of 32

and risk metrics, in addition to those already listed in the global disclosure frameworks.
Most of them are linked to operational and site-specific monitoring indicators, such as:
(i) Thresholds: The number of hours per year that specific parameters, such as temperature
or humidity, remain above a critical threshold (e.g., 38.3 ◦C) that affects asset efficiency [47];
(ii) Energy Production: Tracking expected energy output under both normal and extreme
weather conditions for renewable sectors [53].

As presented, monitoring practices remain fragmented and are not consistently aligned
with ERM systems, limiting their role in supporting continuous risk evaluation.

Strategic Approaches

The literature provides selected examples of how climate risk assessment informs
strategic decision-making. Most of the literature points to the importance of integration,
thus providing recommendations based on benefits that could potentially arise from inte-
gration. The specific cases of strategic integration found were:

Asset Relocation and Sourcing: Practical strategic responses were found, including the
avoidance of new locations prone to flooding or hurricanes and the relocation of existing
operations to less vulnerable areas and the integration of climate data into scenario planning
for material supply, selecting partners who are actively addressing climate risks to ensure
supply chain continuity in the agricultural sector [46].

Budgeting and Capital Allocation: One of the most critical practices is using climate
scenarios as an input for budgeting and capital allocation decisions. For example, an energy
firm in Australia uses scenario results to re-evaluate capital expenditure (CapEx) and
operational expenditure (OpEx), ensuring that investments are resilient to future climate
states [57].

While these examples suggest an emerging link between climate risk assessment and
strategic decision-making, they remain limited in quantity and scope. Most studies empha-
size the importance of integration rather than documenting its systematic implementation.
As a result, the incorporation of climate risk into strategic and financial decision-making
remains uneven and not yet fully embedded within ERM frameworks.

3.1.4. Dimension 4: Integration with ERM

The literature highlights a clear distinction between the conceptual recognition of
climate risk within ERM frameworks and its operational integration into corporate risk
management processes. This distinction is central to understanding the current state of
climate risk integration, as conceptual alignment does not necessarily translate into effective
implementation within ERM systems, as reinforced in each layer of analysis.

Therefore, the results indicate explicit references to ERM and its instruments in a few
cases. ERM is positioned as the fundamental structure for administrative oversight, asset
protection and as a process that provides administrators with the information necessary
to effectively manage risks and optimize organizational outcomes, thereby protecting the
entity’s assets and integrity. However, the literature also argues that traditional ERM and
Risk Assessment practices have long been established but often lack the forward-looking
climate projections required to address modern environmental threats, such as climate [47].
Furthermore, ERM is identified as a multidisciplinary firm-wide identification, assessment,
and management process with firm-level practical examples of using an ERM model devel-
oped in accordance with the COSO framework to assess strategic, external, and operational
risk events across all levels of the organization; integrating the analysis of ESG factors and
climate change directly into its ERM methodology to foster an effective organizational
culture based on risk prevention, and highlighting ERM processes that incorporate the
identification and monitoring of climate-related risks [11]. These examples suggest the
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potential for integration, but they remain limited in scope and are not representative of
extensive practice. Finally, the use of risk registries is presented as a practical step in
integration, through the creation of a separate risk register for climate risk or the inclusion
of climate-specific line items in the general register. These registries help track the likeli-
hood and magnitude of impacts over different time horizons [50,54]. While this practice
represents a meaningful step toward formalizing climate risk within ERM systems, it is not
yet consistently implemented across firms.

Overall, the literature indicates that while ERM provides a theoretically robust frame-
work for managing climate risk, its practical implementation remains limited. The integra-
tion of climate risk into ERM can therefore be characterized as emerging but incomplete,
with isolated examples of operationalization coexisting alongside widespread conceptual
alignment and persistent structural barriers.

3.1.5. Dimension 5: Treatment of Physical and Transition Risks

The literature consistently identifies both physical and transition risks as central
components of climate risk assessment, with these risks being presented in 90,9% of the
peer-reviewed articles and often emphasizing the importance of addressing them jointly
within corporate strategies.

The main physical risks identified across the research include: (i) Acute Extreme
Weather Events: Storms and Cyclones; Flooding; Extreme Temperatures; Wildfires;
(ii) Chronic Long-Term Climate Shifts: Rising Sea Levels; Precipitation Pattern Changes;
Temperature Increases; Ecosystem and Resource Degradation. Ecosystem degradation and
biodiversity loss are also noted as long-term physical consequences [49,50,55,62].

The main transition risks include the following: (i) Policy and Legal Risks: Car-
bon Pricing and Taxes; Emission Reporting and Limits; Renewable Energy Regulations;
and Climate-Related Litigation. (ii) Technology Risks: Substitution of Existing Products;
R&D and Capital Costs; and Stranded Assets. (iii) Market Risks: Shifts in Consumer
Behavior; Supply Chain Disruptions; and Resource Scarcity and Price Volatility. (iv) Rep-
utational and Social Risks; Stakeholder Trust; Greenwashing Backlash; and Access to
Capital [11,50–52,54,59,62].

Regulatory or policy risk was the most frequent specific subcategory, appearing in
17 studies, followed by reputational risk in 14 studies and market risk in 12 studies. Legal
or liability risk was identified in 9 studies, while systemic or cascading risk appeared in
only 3 studies, suggesting that systemic risk remains comparatively less developed in the
firm-level climate risk peer-reviewed literature.

Although the results present a concept of holistic strategic integration required by
TCFD/IFRS S2, which encourages a future-forward mindset that integrates both types
of climate risks into core business strategy and financial planning and is often managed
through ERM systems, physical and transition risks are presented in varying depth and
are treated both jointly and independently. Transition risks are often more prominently
integrated. Research on Chinese firms indicates that while both types improve resilience,
the effect of transition risk is more prominent because its policy-driven and mandatory
nature touches the core of firm development. Similarly, transition risk is effective at
compelling firms to undergo transformation, whereas the influence of physical risk on
such strategic shifts is often statistically insignificant [55,62]. Physical risk appears more
like a reactive trigger. Physical risks are often realized over shorter timeframes and may
be met with reactive or adaptive measures that do not necessarily trigger a full strategic
transformation [55]. This asymmetry further contributes to the fragmentation of climate
risk integration within ERM processes.
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In conclusion, the full analytical process across the five dimensions has been strategi-
cally synthesized. The main results regarding what the peer-reviewed academic literature
presents in each assessed dimension are consolidated in Table 8.

Table 8. Summary of the main thematic characteristics from the by eligibility criteria dimension.

Dimensions Description and Aspects

1. Firm-level focus Multisectoral coverage, with emphasis on the energy sector

2. Governance

Organizational Structures:

• Board of Directors
• Board-level Specialized Committees
• Management-level Committees
• Hybrid and External Support

Roles and Responsibilities:

• Strategic approval and ratification; policy and objective setting; financial
oversight; monitoring and accountability

• Execution oversight, risk review and target tracking; cross-functional
integration and reporting support

• Risk review and target tracking; cross-functional integration and reporting
support; internal capacity building; multidisciplinary collaboration; and
resource allocation

Decision-Making Integration:

• Transition Plans
• Scenario Analysis
• Financial incentives and accountability
• Constraint policies
• Capital allocation

3. Risk assessment

Frameworks:

• Global Standardized Disclosure Frameworks
• Technical Risk and Adaptation Frameworks
• Specialized Tailor-Made Methodological Frameworks
• Emerging Regulatory and Regional Frameworks

Tools:

• Scenario Analysis
• Climate Modeling
• Public Platforms and Data Repositories
• Third-Party Indices

Strategic approaches:

• Asset Relocation and Sourcing
• Budgeting and Capital Allocation

4. Climate risk management and/or ERM Integration of climate change into ERM methodology
Risk Registries

5. Type of climate risks Physical risk appears more as a reactive trigger
Transition risks are more prominently integrated

3.1.6. Cross-Dimensional Synthesis: Patterns

The analysis of the five analytical dimensions reveals a set of recurring patterns that
characterize how climate risk is assessed and managed across this literature. These patterns
reflect reported field-level dynamics shaped by regulatory pressures, sectoral exposure,
and methodological developments marked by a shift toward standardization through
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international frameworks, a significant discrepancy between firm sizes and sectors, and
the emergence of symbolic rather than substantive reporting practices. Together, they
provide insights into the extent to which climate risk is expected to be integrated into
ERM processes.

Dominance of International Frameworks and Standards: A recurring pattern across
the literature is the reliance on international frameworks to structure the assessment and
disclosure of climate risks. Frameworks such as TCFD and IFRS S2 are identified as central
references for private sector disclosure, shaping how firms approach governance, strategy,
risk management, and metrics and targets [11,59]. In parallel, technical standards such as
ISO 31000 and ISO 14090 are used for foundational risk identification and as structured
guides for climate change adaptation [11,47]. Firms in the real economy frequently blend
these reporting frameworks with established risk management standards.

Common Drivers Affecting Assessment Quality: Across different geographic contexts,
the literature consistently identifies firm-level characteristics as key determinants of climate
risk assessment practices, for example, firm size, industry profile, and regulation [43,50,56].
Larger firms are more likely to conduct formal climate risk assessments and provide
detailed disclosures. They possess the financial resources and visibility to handle the high
costs associated with sophisticated modeling and external consulting [45,50,55]. Similarly,
firms in high-impact environmental sectors such as energy, mining, and utilities indicate
more advanced assessment practices due to higher exposure to reputational, physical, and
regulatory risks. The regulatory environment further reinforces these patterns through
mandatory reporting requirements, which act as a driver of increased assessment quality.
Firms in developed countries tend to disclose more due to stronger regulatory signals.
These findings highlight the importance of the firm-level focus dimension in shaping both
governance structures and risk assessment practices.

Transition and Physical Risk Profiles: There is an asymmetric treatment of transition
and physical climate risks. Transition risks arising from policy, legal, technology, and
market shifts are more frequently assessed and disclosed because they directly affect
the near-term performance or position of the firm and are often subject to regulatory
requirements [50,59,62]. In contrast, physical risks such as extreme weather events and
long-term climate shifts such as sea-level rise remain comparatively underreported. This is
largely attributed to their long-term nature and the methodological challenges associated
with quantifying physical impacts in specific monetary terms for financial statements [49].

Behavioral and Competitive Patterns: The literature indicates that as climate disclosure
becomes more widespread, new behavioral and competitive dynamics are emerging among
firms. Firms may resist full disclosure of severe risks due to concerns over reputational
damage, market reaction, litigation, and legal exposure, leading to cautious standardized
reporting. At the same time, competitive pressures can encourage firms to display visually
sophisticated scenarios and elaborate graphics in their reports, which do not necessarily
improve the quality or usability of risk information [60]. These dynamics influence both the
governance and risk assessment dimensions, which may potentially weaken the connection
between analytical outputs and their application in decision-making. As a result, the
integration of climate risk into ERM processes remains limited.

Technical and Methodological Trends: The literature further highlights significant
advances in the technical and methodological approaches used for climate risk assessment.
These include the use of quantitative modeling, AI, and deep learning algorithms to predict
extreme climate events [49]. In addition, more systemic approaches are being adopted
to assess cascading risks. These developments strengthen the risk assessment dimension
by enhancing analytical sophistication and precision [47]. However, these advances are
not consistently accompanied by corresponding developments in integration within ERM
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processes, resulting in a persistent disconnection between analytical capability and its
application in ERM systems.

Finally, the literature reveals a set of structural gaps that cut across the five analytical
dimensions. These include limited attention to small and medium-sized enterprises, the pre-
dominance of firm-level analyses that overlook systemic and interdependent risks, and the
persistent disconnect between strategic commitments and operational implementation [50].
In addition, current patterns focus on entity-level risks in isolation, failing to capture
systemic, cascading risks, cross-border impacts, or supply chain interdependencies [59].
Furthermore, an operational disconnection gap is clear, as commitments established at
the governance level are not consistently translated into the routines and processes man-
aged at the operational level [12,51,57]. These gaps reflect broader misalignments between
firm-level context, governance structures, risk assessment practices, and their integration
into ERM systems. Collectively, they reinforce the conclusion that climate risk integration
remains incomplete and uneven across organizations.

4. Implications for ERM Practice
The section identifies and synthesizes key integration gaps that hinder the effective

incorporation of climate risk into Enterprise Risk Management (ERM) systems. It highlights
structural misalignments across governance, operations, methodology, and organizational
processes, including the disconnect between strategic commitments and operational prac-
tices, temporal and methodological limitations in traditional ERM frameworks, and the
prevalence of symbolic rather than substantive implementation. Additionally, it discusses
systemic and knowledge barriers, as well as organizational constraints, which lead to
fragmented and partial integration. The integration gaps align with the analytical themes
identified during the coding process.

Identification of the Integration Gap

Building on the cross-dimensional patterns identified in the previous section, the litera-
ture reveals a set of persistent integration gaps that constrain the operational incorporation
of climate risk into ERM systems. These gaps reflect structural misalignments between
governance arrangements, analytical practices, organizational processes, and decision-
making routines. The following subsections synthesize the most recurrent integration gaps
identified across the reviewed literature.

Strategic and Operational Disconnection: A central integration gap identified in the
literature is the persistent disconnect between high-level strategic commitments and their
translation into operational practices. While boards may commit to climate goals in strategic
plans, such commitments often fail to translate into the daily routines and decision-making
processes of middle management [43,57]. Climate risk is frequently delegated to sustain-
ability experts rather than being managed as a multidisciplinary business concern [12,57].
As a result, sustainability experts often assume an advisory role, with limited influence
over core business decisions, which continue to be driven by short-term financial priorities.
This reflects a pattern of hierarchical siloing [12,57]. In addition, there is a significant
lack of involvement by management accountants and mid-level finance teams in climate
risk management. This prevents the effective identification of risks and liabilities and the
translation of climate data into actionable financial metrics within ERM systems [57].

Temporal and Methodological Gaps: The literature also highlights a set of temporal
and methodological gaps that limit the capacity of traditional ERM frameworks to incor-
porate climate-related risks. Traditional ERM frameworks are structurally limited in their
ability to absorb the long-term, non-linear nature of climate change. Standard business
planning typically operates on short-term cycles, while climate change requires assessing
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horizons out to 2040 or 2050 [57]. Meanwhile, traditional risk models often focus on the
present or past, whereas climate risk management requires a shift toward forward-looking,
uncertain scenarios [12,51,57]. As a result, while governance and disclosure practices
may appear advanced, the underlying integration of climate risk into ERM processes
remains limited.

Symbolic vs. Substantive Implementation: A further gap emerges in the distinction
between symbolic and substantive implementation of climate risk management practices.
The increasing pressure to comply with global standards has led many firms to adopt
symbolic gestures rather than deep internal governance changes. In this context, climate
disclosures are often used as tools for reputational management rather than as an input
to enterprise risk decision-making [54,57]. In some markets, firms compete to display
visual sophistication and elaborate graphics in their reports, which may obscure critical
risk information and lead to greenwashing [60]. Moreover, firms frequently hire external
consultants to develop scenario analyses, limiting the development of internal strategic
and analytical capabilities [57]. This reliance prevents the development of internal strategic
capacity and may result in superficial engagement with climate risk, further weakening its
integration into ERM systems.

Systemic Oversight and Knowledge Barriers: The literature also identifies systemic and
knowledge-related barriers that constrain the effective integration of climate risk into ERM
frameworks. Current approaches often treat climate risk as an isolated, firm-level issue,
failing to capture broader systemic interdependencies, such as supply chain disruptions
and cross-sectoral impacts. This approach limits the ability of firms to assess cascading and
interconnected risks. In addition, the role of public institutions is frequently overlooked,
despite their importance in shaping infrastructure resilience, adaptation capacity, and
funding [54]. Furthermore, there is a lack of literacy required to translate climate indicators
(e.g., consecutive dry days) into concrete operational or financial consequences, among
BoD members and financial professionals [54,57].

Overall, the literature identifies a broad sustainability-context gap where traditional
ERM cycles struggle to align with the radical uncertainty and extended timeframes of
climate reality. This gap reflects the difficulty of aligning short-term, financially driven
risk management processes with the long-term, uncertain, and systemic nature of climate
change. Bridging these gaps requires organizational changes, including stronger integra-
tion between sustainability and finance functions, enhanced analytical capabilities, and
the incorporation of climate risk into core decision-making processes. Without such trans-
formations, climate risk is likely to remain only partially embedded within enterprise risk
management systems. In conclusion, the literature suggests that firms have integrated
climate risk into ERM primarily through governance, disclosure, and analytical assessment
practices, while operational embedding into enterprise-wide risk management remains
limited and fragmented.

Figure 2 is proposed by the authors to illustrate the core integration gaps from the
peer-reviewed academic literature that constrains the incorporation of climate risk into
ERM processes. By showing how these gaps interfere with the expected ERM flow, the
figure provides a practical and visual representation of the main barriers identified in the
literature. It can also provide firms with an exercise to recognize where organizational,
methodological, and operational improvements are needed to strengthen the integration of
climate risk into risk management routines and decision-making processes.

How peer-reviewed academic literature addresses the integration of climate-related
risks into ERM at the firm level: The literature indicates that firms have integrated climate
risk assessment with ERM primarily through governance structures, disclosure-oriented
frameworks, and analytical tools, rather than through full operational embedding in
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ERM systems. Although both physical and transition risks are increasingly recognized,
their incorporation remains uneven, with transition risks being more frequently linked
to strategic and financial considerations and physical risks more often being addressed
through isolated or reactive assessments [50,55,62]. As a result, literature suggests climate
risk integration remains partial, fragmented, and weakly embedded in enterprise-wide risk
management processes.

Figure 2. Core Gaps in the integration of Climate Risk into ERM.

This finding suggests that integration occurs predominantly at the levels of recogni-
tion, disclosure, and assessment, while the incorporation of climate risk into core ERM
routines, such as risk prioritization, aggregation, and decision-making, remains limited.
Translating climate risk into traditional planning and financial variables is challenging. Con-
sequently, climate risk is not systematically incorporated into enterprise risk management
systems and capital allocation processes, reducing its influence on strategic and operational
decisions [12,51,54,56,57].

To further illustrate how climate risk is integrated into ERM, Figure 3 contrasts the
expected integration pathway with the observed practices identified in the literature,
presenting the steps of the currently observed practices. While the ideal pathway assumes a
sequential process from risk identification to monitoring and decision-making, the evidence
reveals a fragmented reality characterized by weak embedding in ERM systems and limited
influence on corporate decisions.

Organizational Barriers to Effective Climate Risk Integration: The uneven nature of
climate risk integration can be explained by a set of structural and organizational constraints.
A key barrier is the misalignment between strategic commitments and operational practices,
which limits the translation of governance-level objectives into day-to-day risk management
routines, potentially causing execution risk [51,57]. This is reinforced by the functional
separation between sustainability, risk management, and finance functions, which restricts
the integration of climate-related information into financial analysis and enterprise risk
processes [51,54,57]. In addition, the temporal and methodological mismatch between long-
term uncertain climate risks and the short-term orientation of traditional ERM frameworks
constrains their incorporation into existing systems. The fragmented treatment of risks
further limits comparability and aggregation, causing an inability to aggregate enterprise
exposure, while the weak embedding of climate risk within ERM cycles reduces its role

https://doi.org/10.3390/su18125900

https://doi.org/10.3390/su18125900


Sustainability 2026, 18, 5900 26 of 32

in risk prioritization and decision-making [50,57,59]. Together, these factors explain why
advances in governance and assessment do not result in full operational integration, leading
to delayed risk response and implications of risk visibility at the executive level.

Figure 3. Expected Climate Risk Integration Pathway versus Observed Corporate Practice.

What Corporate Practices from Peer-Reviewed Academic Literature Reveal about Cli-
mate Risk Integration: The observable corporate practices identified in the Results section
reflect how climate risk is currently incorporated into corporate risk management systems.
The dominance of international frameworks illustrates the central role of disclosure in
shaping integration practices [59], while the increasing use of analytical tools suggests
growing technical capacity [44,49,60]. However, the persistence of symbolic reporting
practices, which means limited strategic signaling and real risk control, and fragmented
risk treatment highlight the limited translation of these developments into operational ERM
processes. These observable corporate practices therefore represent different expressions of
partial integration rather than evidence of fully embedded risk management.

Beyond Frameworks—Climate Risk Integration as an Organizational Challenge: This
study contributes to the literature by connecting theory to organizational design and gover-
nance effectiveness, demonstrating that climate risk integration is not primarily constrained
by the absence of frameworks or analytical tools, but by misalignment across organizational
dimensions. The findings highlight that integration depends on the coherence between
governance structures, risk assessment practices, and ERM processes. This reframes climate
risk integration as an organizational and structural challenge, rather than a purely technical
or disclosure-driven issue. Firms are not failing due to a lack of tools, but due to a lack
of integration into business processes. Research demonstrating the effectiveness of ERM
integration provides a theoretical foundation for corporate practice [71,72].

Operationalizing Climate Risk in Corporate Risk Management Practices: From a
practical perspective, advancing climate risk integration requires firms to move beyond
disclosure-oriented approaches and embed climate considerations within core ERM pro-
cesses. This includes strengthening collaboration between sustainability, risk management,
and finance functions, adapting ERM frameworks to long-term uncertainty, and developing
internal analytical capabilities. This means integration into capital allocation processes
and risk-adjusted performance metrics. Without such alignment, climate risk is likely
to remain confined to reporting and assessment activities, limiting its role in enterprise-
wide decision-making and distancing it from CEO and CFO levels. Furthermore, the
progressive consolidation of IFRS S2 may also increase pressure on firms to move beyond
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disclosure and strengthen the operational integration of climate risk into ERM systems
with decision-useful risk metrics.

The State of Climate Risk Integration in Firms from Peer-Reviewed Academic
Literature—Key Takeaways: Overall, based on peer-reviewed academic literature cap-
tured by the search strategy, climate risk integration in corporations is best understood as a
fragmented and evolving process. While governance, disclosure, and analytical practices
have advanced, their alignment with ERM systems remains limited. Addressing this gap
is essential for enabling firms to effectively incorporate climate-related risks into strategic
and operational decision-making. Based on the core integration gaps presented in the
climate risk integration pathway and in the observed corporate practice from the research,
the authors propose three categories for firm maturity in ERM integration: Fragmented,
Partial, and Embedded Integration, each characterized by the level of gaps and barriers
overcome described in the maturity model below (Figure 4). This Climate Risk Integration
Maturity Model should be understood as a conceptual interpretation derived from the
literature captured by the search strategy, and it is made available by the authors for firms
to perform qualitative self-assessment and, indicatively, improve their capacity to deal with
their integration barriers. This model has not been empirically validated, or it is a direct
adaptation of an existing maturity framework.

Figure 4. Climate Risk Integration Maturity Model.

Further consideration regarding the integration gaps concerns the evidentiary bound-
aries of this review. The apparent predominance of studies focused on climate-related
disclosure, governance structures, and risk assessment tools may not necessarily indicate
the absence of more advanced internal ERM practices within firms. Peer-reviewed articles
may underreport internal ERM processes because these practices are often embedded
in confidential corporate routines, proprietary risk models, board-level deliberations, or
commercially sensitive decision-making systems. As a result, literature may capture more
visible and externally reportable dimensions of climate risk integration, while underrepre-
senting internal management practices that are not publicly disclosed or are only partially
described in academic publications. In addition, the search strategy adopted in this review,
although appropriate for identifying academic work on climate risk, corporate governance,
risk assessment, and ERM, may have favored studies that rely on disclosure frameworks,
sustainability reports, and externally available information. Therefore, the findings should
be interpreted as evidence of how climate risk integrates into ERM represented in the peer-
reviewed literature, rather than as a definitive measure of the actual maturity of corporate
ERM practices.
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5. Conclusions
This research examined how peer-reviewed academic literature has addressed the

integration of climate-related risks, including both physical and transition risks, into en-
terprise risk management systems at the firm level. The findings indicate that integration
occurs primarily through governance structures, disclosure-oriented frameworks, and
analytical tools, rather than through consistent operational embedding in ERM processes.
Although climate risks are increasingly recognized and assessed, their incorporation re-
mains disconnected, with transition risks more frequently integrated into strategic and
financial considerations and physical risks more often addressed through fragmented or
reactive approaches.

A central contribution of this study is the identification of an integration gap, charac-
terized by misalignments across governance, risk assessment practices, risk typologies, and
ERM processes. A comparison between expected integration pathways and the observed
practices identified was developed, providing evidence of these gaps in peer-reviewed
articles. These misalignments suggest constraints in the effective operationalization of
climate risk within broader ERM systems.

The findings suggest that climate risk integration is not primarily limited by the
absence of frameworks or analytical tools, but by organizational and structural barriers that
prevent their alignment within ERM processes. As a result, climate risk remains only partially
embedded in corporate risk management, which is why a conceptual climate risk maturity
model is proposed to help firms perform their own self-assessments. Advancing integration
requires firms to move beyond disclosure and assessment toward the systematic incorporation
of climate risk into core risk management routines and decision-making processes.

Future Research on Climate Risk Integration in Corporate ERM: The findings highlight
the need for further empirical research on how climate risk is operationally integrated
into ERM systems, particularly in non-financial sectors and in financial models. Future
studies should explore how physical and transition risks can be incorporated into unified
frameworks and how organizational structures influence integration outcomes. Expanding
the scope to include small and medium-sized enterprises and systemic risk perspectives
represents an important avenue for advancing the field. In addition, considering the
limitations associated with the exclusion of grey literature, future research could evolve
to include practitioner-based intelligence in academic literature to better approximate this
emerging field of knowledge. Finally, as noted in the Introduction, the regulatory effects
associated with IFRS S2 are likely to intensify, pressuring the evolution of maturity levels
and influencing future developments in climate risk management and ERM integration.
In this sense, the present study establishes a baseline for understanding how firms have
integrated the assessment of physical and transition climate risks into enterprise risk
management prior to the full adoption and regulatory consolidation of IFRS S2. This
creates an important opportunity for future research to replicate the method and compare
subsequent changes in relation to the patterns and integration gaps identified in this review.
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The following abbreviations are used in this manuscript:

AASB S2 Australian Sustainability Reporting Standards
AI Artificial Intelligence
BoD Board of Directors
CapEx Capital expenditure
CDP CDP
CEO Chief Executive Officer
CFO Chief Financial Officer
COSO Committee of Sponsoring Organizations of the Treadway Commission
CRI Climate Risk Index
CSRD Corporate Sustainability Reporting Directive
ERM Enterprise Risk Management
ESG Environmental, Social and Governance
ESRS European Sustainability Reporting Standards
FSB Financial Stability Board
GCMs Global Climate Models
IEA International Energy Agency
IFRS International Financial Reporting Standards
IFRS S1 General Requirements for Disclosure of Sustainability-related Financial Information
IFRS S2 Climate-related Disclosures
INMET National Institute of Meteorology
INPE National Institute for Space Research
IPCC Intergovernmental Panel on Climate Change
ISSB International Sustainability Standards Board
ISO International Organization for Standardization
JCIC Joint Credit Information Center
KPIs Key performance indicators
OpEx Operational expenditure
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
R&D Research and Development
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RCPs Representative Concentration Pathways
SLR Systematic literature review
SSP Shared Socioeconomic Pathways
SWOT Strengths, Weaknesses, Opportunities, and Threats
TCCIP Taiwan Climate Change Projection Information and Adaptation Knowledge Platform
TCFD Task Force on Climate-related Financial Disclosures
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