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ABSTRACT

Amid escalating environmental risks, this study explores the novel integration of the Task Force on Climate-related Financial
Disclosures (TCFD) and the Taskforce on Nature-related Financial Disclosures (TNFD) as a transformative approach to corpo-
rate sustainable risk management. Firms currently grapple with fragmented ESG frameworks and overlapping disclosure man-
dates, which heighten reporting burdens and exacerbate information asymmetry. Through a systematic literature review and
bibliometric analysis of 276 peer-reviewed articles, this research uncovers significant redundancies in sustainability reporting
and a pronounced imbalance between the established TCFD literature and the nascent TNFD scholarship. The study reveals that
embedding biodiversity risks within climate disclosures enhances corporate resilience, transparency, and strategic adaptability.
A critical theoretical synthesis drawing on legitimacy, stakeholder, institutional, agency, and signaling theories demonstrates
that aligning TCFD and TNFD frameworks fosters coherent, credible, and cost-effective reporting. This integration not only
streamlines compliance but also strengthens investor confidence and governance quality. By mapping thematic clusters and
identifying disclosure challenges, governance drivers, and adaptive strategies, the study offers a timely and original contribution
to sustainability discourse. It provides actionable insights for scholars, regulators, and policymakers seeking to harmonize cli-
mate and nature-related disclosures and advance global standards for integrated environmental risk management.

1 | Introduction fragmented reporting practices (Kerret and Gray 2007), and a
substantial reporting burden on corporations. Recent empirical

The integration of climate and biodiversity risks into corporate fi- work shows that large firms! already disclose nature-related

nancial decision making has become increasingly vital amid esca-
lating global environmental challenges (Hristov and Searcy 2025;
Stefanescu 2022; Marco-Fondevila and Alvarez-Etxeberria 2023).
The Task Force on Climate-related Financial Disclosures (TCFD)
and the Taskforce on Nature-related Financial Disclosures
(TNFD) have emerged as leading frameworks to enhance cor-
porate transparency and risk management in response to these
risks (Jérome and Poretti 2025; Chalabi-Jabado and Ziane 2024).
Despite their growing prominence, significant hurdles persist in
their practical adoption (Morrison et al. 2024), driven by inconsis-
tent regulatory standards (Huang and Ge 2025; Yoon et al. 2025),

impacts alongside climate, which indicates an interest toward
unified environmental risk management (Trim and Jones 2025).
However, existing research has not yet systematically examined
how the convergence of TCFD and TNFD frameworks can ad-
dress fragmentation in sustainability disclosure and advance an
integrated model for corporate sustainable risk management.

A key issue for firms is the reporting burden resulting from com-
plying with multiple Environmental, Social and Governance
(ESG) frameworks like TCFD and TNFD, which increase costs
and risks of inaccurate disclosures (Chan et al. 2024). This

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2025 The Author(s). Business Strategy and the Environment published by ERP Environment and John Wiley & Sons Ltd.

Business Strategy and the Environment, 2025; 0:1-16
https://doi.org/10.1002/bse.70463


https://doi.org/10.1002/bse.70463
https://doi.org/10.1002/bse.70463
https://orcid.org/0009-0003-9409-7404
mailto:
mailto:
https://orcid.org/0000-0001-8191-2412
https://orcid.org/0000-0002-4513-1480
mailto:monomita.nandy@brunel.ac.uk
mailto:ymalkhrijah@imamu.edu.sa
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fbse.70463&domain=pdf&date_stamp=2025-12-12

fragmentation stems from the inherent difficulty in connecting
climate and nature-related risks, as climate change accelerates
biodiversity loss, and ecosystem degradation amplifies climate
vulnerabilities (Sambo et al. 2023). Recognizing this interdepen-
dence, standard setters employed common principles, such as
governance, risk management, and scenario analysis, to develop
TCFD and TNFD. However, their regulatory adoption varies sig-
nificantly: TCFD is mandatory in jurisdictions like the UK and
EU but remains voluntary in many other countries, while TNFD
is largely voluntary globally (Nieto and Papathanassiou 2024).
Alongside this discrepancy, the risks associated with biodi-
versity loss, such as supply chain disruptions and reputational
damage, are severe, highlighting the urgency for integrated ap-
proaches (Yang et al. 2024).

Current research underscores the financial implications of
climate and biodiversity risks, showing their direct impact on
corporate performance, accounting practices, cost of capital,
and strategic decisions (Chaurasia and Singh 2023). Yet, a no-
table imbalance exists, with climate risks receiving far greater
attention than biodiversity risks (Fontanier et al. 2025),
suggesting gaps in holistic sustainability strategies (Rising
et al. 2022). Companies often face significant uncertainty in
quantifying and disclosing biodiversity-related risks due to
the lack of standardized metrics and methodologies, lead-
ing to less rigorous reporting and oversight compared with
climate disclosures. Robust ESG disclosures, when executed
effectively, can yield substantial financial benefits, such as re-
duced capital costs and enhanced market valuation, driven by
increased investor confidence and improved stakeholder rela-
tions (Hu et al. 2024). However, critical analyses reveal per-
vasive issues such as greenwashing, inconsistent ESG rating
methodologies, and superficial compliance, raising serious
doubts about the authenticity and reliability of ESG practices
and their actual financial and operational impacts, exacer-
bated by the extensive reporting burden (Ding et al. 2024).

Thus, in this research, we examine if the integration of TCFD
and TNFD frameworks could transform corporate sustainable
risk management strategies. We conduct a systematic literature
review (SLR) and bibliometric analysis to critically analyze the
following related research questions:

1. How does the fragmentation of existing climate and
nature-related disclosure frameworks increase firms' re-
porting burdens and information asymmetry, and what are
the implications for sustainable risk management?

2. To what extent do corporate governance structures and
stakeholder engagement influence the quality and ef-
fectiveness of integrated TCFD and TNFD reporting
practices?

3. How can the alignment of biodiversity and climate risk
assessments within the TCFD and TNFD framework
strengthen firms' financial resilience and strategic adapta-
tion to environmental risks?

4. What theoretical and policy pathways can support the
harmonization of TCFD and TNFD to promote globally
consistent, transparent, and cost-effective sustainability
reporting?

Through an in-depth analysis of recent high-quality research
papers, this study reveals critical insights into the current chal-
lenges and opportunities surrounding the need for integrating
these two frameworks in sustainable risk management. Firstly,
fragmented reporting frameworks significantly elevate firms'
cost of capital and amplify conservative accounting practices,
intensifying financial pressures and complexity in corporate
sustainability reporting (Free et al. 2024). Secondly, although
integrating ESG criteria into corporate financial practices has
been shown to reduce financing costs and encourage innova-
tion, the persistent issues of symbolic compliance and duplica-
tive reporting severely hinder the realization of these potential
benefits, undermining both investor confidence and regulatory
effectiveness (Al-Shaer and Zaman 2018). Thirdly, current dis-
closure practices under TCFD and TNFD predominantly prior-
itize climate transition risks while often marginalizing physical
and biodiversity-related risks, further complicating corporate
risk assessment and exacerbating overall reporting difficulties.
This imbalance significantly reduces the frameworks' effective-
ness in addressing comprehensive sustainability risks (Gebhardt
et al. 2024). Lastly, market reactions to ESG disclosures reflect
investor sentiment that strongly rewards transparency and ac-
curacy but harshly penalizes perceived inconsistencies or com-
plexities in reporting practices. These dynamics demonstrate the
critical need for simplified yet robust disclosure mechanisms to
facilitate better strategic responses by firms and more informed
decision-making by investors (Vestrelli et al. 2024).

In summary, this detailed analysis strongly proposes the ne-
cessity of regulatory harmonization to effectively alleviate the
extensive reporting burden and enhance the practical effective-
ness of corporate risk management. Policymakers and regula-
tors must focus on aligning and harmonizing TCFD and TNFD
requirements, adopting globally recognized standards and
metrics. This integration would significantly streamline sus-
tainability reporting processes, reduce corporate compliance
costs, and improve overall transparency and accountability.
By promoting deeper and more consistent integration between
TCFD and TNFD, policymakers can meaningfully advance
global sustainability objectives, fostering an environment
where corporations proactively and effectively manage the in-
terconnected risks of climate change and biodiversity loss.

The remainder of this paper is organized as follows. Section 2
describes the methodology including our sample selection strat-
egy and article clustering. In Section 3, we elaborate and focus
on our findings from the SLR and bibliographic analysis. The
paper concludes in Section 4 by drawing critical insights from
existing academic literature and proposing a future research
agenda related to the integration of the TCFD with the TNFD
framework in sustainability risk management.

2 | Methodology

2.1 | Sample Selection

Following prior research in business and finance, Figure 1 pres-
ents a PRISMA diagram that outlines the process of identifying,

selecting, screening, evaluating eligibility, and incorporating
data into the study (Ed-Dafali et al. 2025; Alaamri et al. 2024).
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 3,890)

Records removed before screening:
Duplicate records (n = 367)

Records marked as ineligible by automation

Registers (n = 0) tools (n = 0)
Records removed for other reasons (n = 0)
Records screened Records excluded
(n = 3,523) (n=0)

Reports sought for retrieval
(n = 3,523)

Reports not retrieved

(n=0)

Screening

Reports assessed for eligibility
(n = 3,523)

Reports excluded
Reasonl: Time Span:2015 - 2024 (n = 681)

New studies included in review

(n = 276)
Reports of new included studies
(n=0)

FIGURE1 | PRISMA flow diagram for the systematic literature review.

We use this process to ensure a structured, transparent, and
replicable analysis of existing research on the integration of
TCFD and TNFD to incorporate sustainability performance
and risk management (Roberts et al. 2021). The sample selec-
tion process is designed to identify high-quality, peer-reviewed
articles from Scopus that explore the practical application of
TCFD and TNFD in risk management and corporate sustain-
ability reporting.

The process begins with a Boolean search strategy across multiple
databases, utilizing four keyword groups (Appendix 1). We com-
bined these groups into two sets: (A AND C) OR (B AND C) for
risk assessment studies and (A AND D) OR (B AND D) for risk
evaluation and reporting studies, which yield an initial pool of
3890 articles, a similar sample to existing studies. After deduplica-
tion, 3523 unique articles are counted. We then applied a time filter
(2015-2025) to reflect recent developments in TCFD and TNFD
applications, reducing the sample to 2842 (Billio et al. 2024). The
main reason to consider the start date as January 1, 2015, is the
introduction of the Paris Agreement (Rogelj et al. 2016). The cutoff
date in 2025 is February 28, 2025. After restricting to article, re-
view type, and English language, the final sample consists of 2261
papers. To ensure academic rigor, we selected only journals ranked
ABS 2 or higher, resulting in 423 articles to ensure the quality of re-
search (Drivas and Kremmydas 2020). Finally, a detailed abstract

Reason2 (n = NA)
Reason3: Journal Ranking: Above ABS
2 (n = 1,890)

review identified 276 articles directly relevant to the application of
TCFD and TNFD in risk management and sustainability report-
ing (Vestrelli et al. 2024).

This rigorous process ensures a robust sample, capturing the
practical application of TCFD and TNFD frameworks, their
reporting burden, and their impact on corporate sustainability,
providing a solid foundation for subsequent analysis.

211 | SLR

This study employs a SLR to investigate the research questions.
The SLR aims to synthesize existing knowledge, identify re-
search gaps, and explore potential synergies between climate
and nature risks, ensuring a structured and reproducible analy-
sis (Awuah et al. 2024; Roberts et al. 2021). The review process
is designed to provide a comprehensive understanding of how
these frameworks influence corporate performance, risk man-
agement, and disclosure practices, with a focus on addressing
emerging challenges in sustainable risk management.

Given the nascent stage of TNFD, the SLR acknowledges the
limited direct evidence of TCFD and TNFD integration, adopt-
ing an exploratory approach to uncover emerging trends. The
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276 articles are subjected to thematic synthesis to categorize
findings into key areas, including financial impacts, disclosure
challenges, drivers of disclosures, and adaptive strategies for dis-
closures, aligning with the study's research questions. Following
the conventions of SLRs, relevant research articles have been cat-
egorized based on thematic focus and methodological approach.
The detailed classification is presented in Table 1 (Gulluscio
et al. 2020; O'Dwyer and Unerman 2020). This approach ensures
a robust analysis, leveraging indirect evidence from climate and
biodiversity risk literature to address the scarcity of integrated
studies.

To unify the findings from our SLR, we propose a conceptual
framework that connects the four thematic clusters: financial
impacts, disclosure challenges, governance drivers, and adap-
tive strategies within an integrated model of sustainable risk
management. As illustrated in Appendix 2, the framework posi-
tions TCFD and TNFD integration as a central mechanism that
reduces information asymmetry, enhances disclosure credibil-
ity, and strengthens strategic resilience. Each cluster is mapped
to a relevant theoretical lens. Cluster 1 draws on portfolio the-
ory and natural capital valuation, emphasizing the integration
of ecological and financial assets in risk assessment. Cluster 2
is informed by legitimacy theory and stakeholder theory, high-
lighting how social expectations and stakeholder engagement
shape disclosure practices. Cluster 3 relates to institutional the-
ory and agency theory, focusing on governance structures and
institutional pressures that influence sustainability reporting.
Cluster 4 is grounded in the resource-based view and signaling
theory, explaining how firms leverage internal capabilities and
external communication to build credibility and competitive

TABLE1 | System of article categorization for cluster.

1 Climate and natural risks' financial impacts

Climate change
Climate risk
Biodiversity

Financial performance
Financial markets

B. Challenges in climate and biodiversity disclosures

Biodiversity disclosure
Climate disclosure
TCFD

Greenwashing
Impression management

C. Governance and stakeholder drivers of disclosure
practices

Corporate governance
Corporate strategy
Managers
Stakeholder

D. Adaptive strategies for environmental resilience

Adaptation

Business strategy

Climate change adaptation
Green finance

advantage in sustainability disclosures. This framework offers a
coherent structure for interpreting the literature and highlights
the synergistic potential of aligning climate and nature disclo-
sures. It also provides a foundation for future empirical research
and policy development aimed at harmonizing ESG reporting
standards.

2.1.2 | Bibliographic Analysis

To complement the SLR, this study employs bibliometric anal-
ysis to quantitatively assess the intellectual structure and evo-
lution of research on the integration of the TCFD and TNFD
frameworks in corporate sustainable risk management.

Analysis adopts two key approaches: performance analysis
and scientific mapping. Performance analysis is conducted
using publication counts and citation rates to evaluate the pro-
ductivity and impact of the field, providing insights into the
growth trajectory and influence of TCFD and TNFD research
over time (Aria and Cuccurullo 2017). Scientific mapping,
on the other hand, utilizes co-citation analysis and keyword
co-occurrence analysis to map the intellectual structure,
identifying foundational works and thematic clusters within
the literature (Ferreira et al. 2016). Co-citation analysis high-
lights influential studies shaping the field, while keyword co-
occurrence analysis reveals research hotspots and thematic
connections, such as the interplay between climate risk and
biodiversity disclosure. This dual approach, supported by
tools like the bibliometric package in VOSviewer, enables a
comprehensive examination of the field's development, uncov-
ering patterns and gaps in the integration of TCFD and TNFD
(Khurshid and Islam 2025).

3 | Findings
3.1 | SLR

This section synthesizes findings from a SLR of 276 peer-
reviewed articles (2015-2024) to examine the proposed re-
search question related to the integration of TCFD and TNFD
frameworks in corporate sustainable risk management and
reporting. A detailed mapping of keywords and their frequen-
cies, derived from bibliometric data, has been included in
Table 2 to support the analysis of thematic prominence across
these clusters.

3.1.1 | Climate and Natural Risks’ Financial Impacts

The financial implications of climate change and biodiversity
loss on corporate performance have garnered increasing atten-
tion, particularly amid growing global focus on sustainability
(Pankratz et al. 2023). The integration of the TCFD and TNFD
frameworks aims to assist companies in identifying and disclos-
ing these risks, providing consistent and comparable informa-
tion to support decision making by investors and stakeholders.
This cluster examines how these risks influence corporate debt
costs, operational vulnerabilities, and overall value, while high-
lighting current trends and research gaps.
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TABLE 2 | Mapping of keywords to systematic literature review clusters with word frequencies.

Cluster

Matched keywords (frequency)

A. Climate and natural
risks’ financial impact

Asset pricing (4), banking (6), banks (3), capital (3), capital flow (3), carbon (7), carbon
emission (11), carbon emissions (7), climate change exposure (3), climate change

risk (3), climate change risks (7), climate risk (55), climate risks (11), credit risk (5),
economic activity (3), economic analysis (6), economic development (3), economic
growth (3), economic impact (6), economics (9), financial markets (6), financial
performance (3), financial risks (6), financial stability (6), financial system (10), firm
value (4), investments (15), risk (7), risk assessment (86), risk management (22), risk
spillover (4), systemic risk (6), transition risk (11), transition risks (6), valuation (5),

B. Challenges in climate and
biodiversity disclosures

Accountability (6), biodiversity disclosures (3), climate disclosure (5), corporate
disclosure (3), disclosure (3), environmental disclosure (6), governance

approach (9), greenwashing (3), impression management (3), information
asymmetry (4), integrated reporting (5), sustainability (19), tcfd (11), tcfd
recommendations (3), transparency (6), voluntary disclosure (4)

C. Governance and
stakeholder drivers of
disclosure practices

D. Adaptive strategies for
environmental resilience

Corporate governance (8), corporate social responsibility (6), corporate strategy (9),
governance (5), institutional framework (3), institutional investors (4), managers
(3), policy makers (3), policy making (8), public policy (4), stakeholder (9)

Adaptation (10), adaptive management (25), business development (3), business strategy
(3), climate adaptation (6), climate change adaptation (8), climate policy (3), decision

making (18), decision-making (4), environmental management (6), environmental policy
(18), green finance (4), green innovation (4), innovation (7), mitigation (5), resilience
(4), strategic approach (4), supply chain management (3), sustainable development (23),
sustainable development goal (3), sustainable development goals (3), sustainable finance (4)

Evidence suggests that climate risks significantly shape cor-
porate financial strategies. For instance, Ferdous et al. (2024)
demonstrate that firms exposed to climate risks tend to adopt
conservative accounting practices, particularly in environ-
mentally sensitive industries, potentially reducing finan-
cial transparency and exacerbating information asymmetry.
Taylor (2023) explores climate risk management from an ac-
tuarial perspective, underscoring the potential of scenario
analysis tools in addressing uncertainty, though these tools
remain limited in integrating biodiversity risks. Orpiszewski
et al. (2024), through an event study, reveal that negative ESG
news triggers significant market reactions in stock and option
markets, emphasizing the critical role of disclosure quality in
shaping investor responses.

On the biodiversity front, Treepongkaruna (2024) highlight
the impact of natural capital depletion on long-term corporate
value, noting that the TNFD framework struggles with data
availability and standardization challenges in quantifying
such risks. Kedward et al. (2023) investigate the synergistic ef-
fects of climate and biodiversity risks, finding that firms often
overlook their interplay in disclosures, resulting in incomplete
risk assessments. Further insights underscore the deepening
link between financial performance and climate and nature-
related risks yet point to persistent inconsistencies in disclo-
sure practices and a neglect of opportunity reporting (Chen
et al. 2024; Flammer et al. 2021).

Integrating TCFD's climate risk quantification with TNFD's
natural capital assessment can create a unified measurement
system, enabling firms to capture both transition and physi-
cal risks holistically (Berkman et al. 2024). This integration

directly supports sustainable risk management by aligning
financial materiality with ecological dependencies, thereby
improving firms' long-term resilience. So, future research
should prioritize developing precise quantification methods,
particularly for biodiversity risks, and explore how integrated
frameworks can enhance disclosure comparability to mitigate
information asymmetry and bolster corporate financial deci-
sion making (Dietz and Stern 2015).

3.1.2 | Challenges in Climate
and Biodiversity Disclosure

The current status of corporate climate and biodiversity infor-
mation disclosure is unsatisfactory. Keyword analysis indicates
critical issues with information disclosure (five occurrences),
governance (eight occurrences), transparency (six occurrences),
and greenwashing (three occurrences). Firms often practice se-
lective disclosure, especially emphasizing risk-related informa-
tion rather than opportunities, creating information asymmetry
in markets (Cheynel and Levine 2020).

Audit quality and governance structures are pivotal for en-
hancing the substantive and reliable nature of disclosures
(Callery 2023). Studies have found that increased female rep-
resentation on corporate boards significantly improves envi-
ronmental disclosure quality, reducing symbolic disclosures
and greenwashing (Carvajal et al. 2022). However, firms face
considerable standardization issues with data integration
between TCFD and TNFD frameworks, increasing auditing
difficulty and costs, consequently affecting the accuracy and
credibility of disclosures (Taylor 2023).
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Institutional investors positively influence disclosure quality
improvements, actively engaging through corporate boards
to advance strategic biodiversity and climate disclosures.
Nevertheless, shortcomings in current auditing and regulatory
mechanisms remain substantial barriers to achieving compre-
hensive transparency and authenticity in corporate disclosures
(Ali et al. 2024; Pham et al. 2024).

These studies reveal a persistent disconnect between sym-
bolic legitimacy seeking disclosures and substantive report-
ing practices, highlighting a key tension between legitimacy
theory and stakeholder theory, which question the credibil-
ity of voluntary reporting under fragmented frameworks
(Orazalin et al. 2024). Also, aligning TCFD and TNFD to
unify disclosure indicators reduces information asymmetry
from fragmented reporting, strengthening the effectiveness of
sustainable risk oversight. Future developments should focus
on strengthening governance structures and auditing mech-
anisms to address the integration challenges of TCFD and
TNFD frameworks, thereby enhancing transparency and the
effectiveness of corporate information disclosure relevant for
risk management.

3.1.3 | Governance and Stakeholder Drivers
of Disclosure Practice

Governance structures and stakeholder influence are key driv-
ers for effective integration of the TCFD and TNFD frame-
works (Kraft 2018). The frequent occurrence of keywords such
as corporate governance (eight occurrences) and stakeholders
(nine occurrences) underscores their significance in managing
environmental risks. Board gender diversity has been notably
associated with increased strategic environmental disclosures,
thereby enhancing corporate transparency and governance ef-
fectiveness (Haque and Jones 2020).

Foreign institutional investors and long-term investors play
essential roles in promoting corporate environmental disclo-
sures and strategic actions (Fan and Zhao 2025). Specifically,
these stakeholders drive the optimization of governance struc-
tures, compelling firms to adopt more proactive environmen-
tal risk management measures (Ali et al. 2024). The banking
sector, a critical stakeholder, notably excels in its risk man-
agement functions, aiding firms in effectively identifying and
managing climate and biodiversity risks (Lee and Alam 2024;
Shabir et al. 2024).

However, despite the positive association between governance
quality and disclosure depth, the evidence remains inconclusive
regarding whether governance mechanisms mitigate or rein-
force institutional pressures toward homogenized reporting,
indicating an unresolved theoretical divide within institutional
theory (Solimene et al. 2025). Integrating TCFD and TNFD
guides firms to build unified environmental risk governance
structures, reconciling stakeholder demands to improve the syn-
ergy of sustainable risk responses. Therefore, future research
should explore optimizing governance structures and stake-
holder interactions to maximize the synergistic effects of TCFD
and TNFD integration (Carvajal et al. 2022) leading toward risk
management.

3.1.4 | Adaptive Strategies
for Environmental Resilience

Strategic responses and innovation pathways adopted by firms
in facing environmental risks are critical. Keywords such as in-
novation (seven occurrences), strategy (nine occurrences), and
adaptive management (25 occurrences) emphasize the signifi-
cance of strategic innovation in environmental risk manage-
ment. Current research indicates that green finance policies
effectively encourage corporate technological innovation and
strategic transformation, mitigating negative impacts associated
with climate risks (He et al. 2024).

However, corporate strategic responses predominantly exhibit
short-termism, overlooking complex long-term systemic risks,
particularly reflected in insufficient corporate applications of
scenario analyses within the TCFD framework (Huiskamp
et al. 2022). Strategic integration of the TNFD framework
similarly suffers from incomplete implementation, necessitat-
ing further theoretical and practical enhancements (Carvalho
et al. 2023).

Optimizing supply chain resilience (supply chain management,
three occurrences) and risk management strategies offers firms
effective short- and long-term strategic tools (Er Kara et al.
2021), significantly reducing disruptions from physical climate
risks like extreme weather (Ge et al. 2025). Additionally, pro-
moting green finance provides strategic pathways and helps
firms achieve sustainable development and long-term risk
management goals (Lee et al. 2024). Promoting green finance
through the integration of TCFD's climate adaptation strategies
and TNFD's biodiversity-focused measures creates compound
resilience solutions that enhance firms' ability to cope with ex-
treme environmental risks.

Although adaptive strategies foster innovation and resilience,
the literature remains fragmented in linking these practices to
measurable financial outcomes (Danese and De Marchi 2024;
Zheng and Iatridis 2022; Zennaro et al. 2024). This fragmenta-
tion underscores the need for an integrated conceptual model
that connects strategic adaptation with disclosure quality
and long-term value creation. By advancing a more effective
integration of the TCFD and TNFD frameworks, firms can
strengthen this linkage, enhancing strategic responsiveness
and achieving long-term sustainability in the face of environ-
mental risks.

3.1.5 | Integrative Theoretical Perspectives on TCFD
and TNFD Convergence

This section builds on the conceptual framework presented in
Appendix 2, offering a deeper synthesis of how key theories
intersect across the four thematic clusters identified in our
SLR (Figure 2). This section plays a pivotal role in elevating
the conceptual coherence of the study by moving beyond a de-
scriptive listing of theories and instead interrogating their rel-
evance, interplay, and limitations in the context of integrated
sustainability disclosures. The inclusion of multiple theoreti-
cal lenses: legitimacy, stakeholder, institutional, agency, and
signaling reflects the complexity of ESG reporting, but their
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Percentages of Theories applied

» Legitimacy theory » Stakeholder theory
= Signaling theory
= Portfolio theory
= Other 92 theories

FIGURE2 | The pie chart of theory applied.

= Natural capital theory

= Positive accounting theory

true analytical value lies in how they intersect and diverge
across corporate behavior, regulatory environments, and mar-
ket expectations.

A critical insight emerging from this synthesis is the tension be-
tween symbolic and substantive compliance. Legitimacy theory
explains why firms may adopt TCFD and TNFD frameworks to
maintain reputational capital, yet this can lead to superficial dis-
closures if not reinforced by stakeholder accountability mech-
anisms (Suchman 1995; Talbot and Boiral 2018). Stakeholder
theory, in contrast, demands deeper engagement and respon-
siveness, revealing a conceptual gap between external percep-
tion and internal governance (Freeman 1984; Garcia-Sanchez
et al. 2023).

Institutional theory offers a structural explanation for conver-
gence in reporting practices, but its predictive power is lim-
ited when voluntary frameworks like TNFD lack enforcement
(Solimene et al. 2025). Agency theory partially addresses this
by focusing on governance structures, yet it assumes rational
actors and overlooks the normative pressures that drive ESG
adoption (Gebhardt et al. 2024). Signaling theory, while bridg-
ing disclosure and investor response, risks oversimplifying
the credibility dynamics when firms face conflicting regu-
latory and stakeholder demands (Chan et al. 2024; Flammer
et al. 2021).

By critically juxtaposing these frameworks, the section under-
scores that no single theory sufficiently captures the multidi-
mensional nature of TCFD and TNFD integration. Instead, a
layered theoretical approach is necessary, one that accounts for
strategic intent, institutional constraints, stakeholder influence,
and market signaling (Al-Shaer and Zaman 2018; O'Dwyer and

» Institutional theory

= Voluntary disclosure

Agency theory

» Information asymmetry theory

= Resource dependency theory = Voluntary disclosure theory

Unerman 2020). This integrative perspective not only strength-
ens the analytical foundation of the paper but also sets the stage
for future empirical research that can test these theoretical in-
tersections in practice.

3.2 | Bibliographic Analysis
3.2.1 | Performance Analysis

3.2.1.1 | Number of Publication. The publication trends
illustrated in Figure 3 distinctly demonstrate a growing schol-
arly interest in the TCFD and TNFD frameworks between 2015
and 2024, aligning closely with global emphasis on corporate
sustainability and associated environmental risks. Initially,
the research output is relatively modest, increasing marginally
from 13 articles in 2015 to 16 by 2018. However, a significant
acceleration occurred post-2021, with publications sharply ris-
ing to a peak of 102 in 2024. This rapid growth corresponds with
heightened regulatory pressures in jurisdictions such as the UK
and EU, which mandate increased transparency on climate
and biodiversity risks, thereby stimulating extensive academic
inquiry into the financial implications of these risks (Gebhardt
et al. 2024; Hu et al. 2024).

The significant surge observed in 2024 indicates a critical
turning point where academic attention expanded notably
toward the TNFD framework, emphasizing the importance
of biodiversity alongside climate considerations (Nieto and
Papathanassiou 2024). Despite this promising development, a
critical examination reveals that TCFD-focused studies have
predominated historically, possibly reflecting a lag in academic
adaptation to integrating biodiversity risks comprehensively.
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FIGURE 3 | Publication trends of TCFD and TNFD-related articles
from 2015 to 2024.

Recent research highlights the persistent challenges in stan-
dardizing disclosures and ensuring consistent data availability,
a fundamental barrier in holistically addressing combined cli-
mate and biodiversity risks (Lodh et al. 2024).

Furthermore, studies examining market reactions to corporate
disclosures underline the critical role of transparency and dis-
closure quality in shaping investor behavior and market stability,
underscoring the real-world implications of effective disclosure
practices (Feng et al. 2024). Nevertheless, a deeper critical anal-
ysis suggests that although regulatory mandates have accelerated
publication volume, the practical implementation and depth of
corporate strategies integrating both TCFD and TNFD remain un-
derexplored. This indicates an essential area for future research,
specifically focusing on evaluating the effectiveness and practical
impacts of integrating these frameworks in corporate sustainabil-
ity strategies and risk management practices (Chan et al. 2024).

Beyond these publication trends, the growing convergence of
climate finance, accounting, and environmental governance
literature suggests the rise of a truly interdisciplinary research
frontier. This evolution implies that future TCFD and TNFD
studies should not only quantify disclosure outcomes but also
examine how cross-disciplinary collaboration can enhance the
credibility and comparability of sustainability reporting (Hales
2023; Orazalin et al. 2024).

Overall, these findings suggest a maturing research landscape
yet highlight significant practical and conceptual gaps that
warrant further academic and practical attention, particularly
regarding the comprehensive integration of climate and biodi-
versity risks within corporate disclosure practices.

3.2.1.2 | Highly Cited Literature Analysis. An analysis
of the top five highly cited articles (Table 3) within the TCFD
and TNFD domains reveals distinct stages of research develop-
ment. TCFDresearch demonstrates maturity with astrongempha-
sis on financial implications and disclosure practices related to
climate risks, whereas TNFD literature is relatively nascent,
focusing primarily on the interplay between nature-related risks
and corporate governance (Griffin and Sun 2024).

Within the TCFD domain, highly cited studies have established
substantial theoretical and empirical groundwork. Krueger

et al. (2020) empirically emphasized institutional investors'
growing concern over climate risks, significantly influencing
the integration of such risks into investment strategies. Flammer
et al. (2021) expanded this narrative by highlighting how share-
holder activism can effectively drive voluntary climate risk dis-
closures, underlining governance mechanisms that enhance
transparency. Talbot and Boiral (2018) further contributed by
critically assessing how sustainability reports in the energy sec-
tor often involve impression management regarding greenhouse
gas emissions, illustrating challenges in effective disclosure
practices.

Conversely, the emerging TNFD literature highlights initial
efforts in integrating biodiversity risks with corporate gover-
nance. Haque and Jones (2020) provided empirical insights into
how board gender diversity can enhance biodiversity disclosures
among European firms. Similarly, Adler et al. (2018) examined
biodiversity and threatened species disclosures among Fortune
Global companies, identifying critical gaps and governance
challenges. Carvajal et al. (2022) emphasized the critical rela-
tionship between board gender diversity and effective biodiver-
sity reporting, demonstrating initial governance-driven efforts
toward better nature-related risk disclosures.

These studies collectively underline distinct but complemen-
tary trajectories in TCFD and TNFD research. While TCFD
literature is more advanced in theoretical depth and practical
implementation, TNFD research contributes novel insights on
governance structures and accountability mechanisms. Future
research opportunities exist in synthesizing these frameworks
to create an integrated, holistic approach to corporate sustain-
ability and disclosure.

3.2.2 | Science Mapping

3.2.21 | Co-Citation Analysis. This study utilizes journal
co-citation analysis, incorporating network visualization (Figure 4)
and citation metrics (Table 4), to explore the academic landscape
and research priorities associated with the TCFD and TNFD
frameworks within corporate sustainable risk management. At
the center of this analysis is Business Strategy and the Environ-
ment (28 articles, 303 citations), which serves as a key interdis-
ciplinary node, integrating research across corporate strategy,
environmental governance, and sustainability practices.

Accounting, Auditing and Accountability Journal (26 arti-
cles, 170 citations) significantly contributes to discussions on
corporate accountability, governance, and disclosure trans-
parency, emphasizing rigorous accounting practices essential
for managing environmental risks. Additionally, Journal of
Business Ethics (26 articles, 266 citations) provides insights
into the ethical dimensions of corporate governance, high-
lighting moral responsibilities and implications in sustain-
ability disclosures.

Journal of Financial Economics (25 articles, 208 citations) em-
phasizes the financial impacts of corporate disclosures on inves-
tor behavior and market stability, reinforcing the significance of
transparent environmental risk management. Energy Economics
(seven articles, 233 citations) provides focused insights on the
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TABLE 3 | Top cited articles on TCFD and TNFD (2015-2024).
TCFD
Title Author(s) Year  Citation
The importance of climate risks for institutional investors Krueger P.; Sautner Z.; Starks L.T. 2020 872
Modelling and measuring sustainable wellbeing in connection with Costanza R.; Daly L.; Fioramonti 2016 520
the UN Sustainable Development Goals L.; Giovannini E.; Kubiszewski
I.; Mortensen L.F.; Pickett
K.E.; Ragnarsdottir K.V.; De
Vogli R.; Wilkinson R.
Endogenous growth, convexity of damage and climate risk: How Dietz S.; Stern N. 2015 241
Nordhaus' framework supports deep cuts in carbon emissions
Shareholder activism and firms' voluntary disclosure of climate Flammer C.; Toffel M.W.; 2020 210
change risks Viswanathan K.
GHG reporting and impression management: an assessment of Talbot D.; Boiral O. 2018 209
sustainability reports from the energy sector
TNFD
Title Author(s) Year  Citation
European firms' corporate biodiversity disclosures and board gender Haque F.; Jones M.J. 2020 133
diversity from 2002 to 2016
Biodiversity and threatened species reporting by the top Fortune Adler R.; Mansi M.; Pandey R. 2018 86
Global companies
United Nations Decade on Biodiversity: a study of the reporting Adler R.; Mansi M.; 2017 71
practices of the Australian mining industry Pandey R.; Stringer C.
Biodiversity disclosure, sustainable development and environmental Carvajal M.; Nadeem M.; Zaman R. 2022 66
initiatives: Does board gender diversity matter?
Biodiversity reporting for governmental organisations: evidence Gaia S.; Jones M.J. 2020 39
from English local councils
the journajiof finance
journial of flngial economics
Joumal of accopeing anc scon the review offinancial studie
the accougiopreview journal of banking & finance
strategic management journal
naturé'clifidte change
chimatigghange
corporate social responsibilit naggre
scigpce
: 5 sustieabiity energpolicy
business strategy and the envi * ecolikon e r*c“

journal of business ethics

@
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FIGURE 4 | Network diagram for co-citation journals.
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TABLE 4 | Key Journals in TCFD and TNFD research based on
publication and citation metrics.

Number
Journal name of article Citations
Business Strategy and the 28 303
Environment
Journal of Business Ethics 26 266
Energy Economics 7 233
Journal of Financial 25 208
Economics
Accounting, Auditing and 26 170

Accountability Journal

economic implications and strategic responses associated with
climate risk management, particularly within the energy sector.

Critically, the current co-citation network reveals clear dis-
ciplinary divisions, with limited integration between TCFD-
related financial disclosures and TNFD-oriented biodiversity
research. For instance, Morrison et al. (2024) highlight chal-
lenges in aligning corporate climate actions with their reported
strategies, reflecting inconsistencies in disclosure practices.
Andersson and Arvidsson (2024) further demonstrate the com-
plexities corporations face in maintaining environmental trans-
parency during disruptive events like the Covid-19 pandemic,
underscoring the need for stronger integration between gover-
nance structures and sustainability reporting.

The co-citation network reveals that while accounting and fi-
nance journals continue to dominate citation patterns, emerging
linkages with environmental economics and ethics journals in-
dicate a gradual methodological integration across disciplines.
This interdisciplinary convergence suggests a potential shift in
reporting practices, from compliance-driven disclosure toward
evidence-based governance and accountability frameworks.
Building on this trend, future research should bridge existing
theoretical and practical gaps by fostering cross-disciplinary
collaboration and leveraging insights from ethics, finance,
and environmental economics to advance a more comprehen-
sive and integrated approach to corporate sustainability risk
management.

3.2.2.2 | Keywords co-Occurrence Analysis. This study
employs a keyword co-occurrence network analysis (Figure 5)
to elucidate the complex interplay between climate-related
financial risks, biodiversity considerations, corporate sustain-
ability strategies, and disclosure practices within the integrated
application of the TCFD and TNFD frameworks. Four primary
thematic clusters emerge distinctly from this visualization, each
encapsulating critical areas of scholarly and practical emphasis.

The first cluster (red) prominently features terms such as “cli-
mate risk,” “carbon emission,” “transition risks,” “environmen-
tal disclosure,” and “information asymmetry,” emphasizing
the financial implications and reporting dimensions of climate
change. The frequent occurrence and strong interconnec-
tion of “climate risk” (55 occurrences), “carbon emission” (11

” «

occurrences), and “environmental disclosure” (six occurrences)
underscore how climate-related disclosures significantly shape
corporate financial strategies, particularly concerning transpar-
ency and market perception (Chalabi-Jabado and Ziane 2024).
The prominence of “transition risks” (six occurrences) in this
cluster highlights the substantial market concerns regarding
regulatory shifts toward sustainability, suggesting corporations
increasingly face pressure to enhance disclosure quality to re-
duce perceived uncertainties (Bua et al. 2024). However, critical
examination reveals persistent gaps, such as limited integration
of biodiversity risks in existing climate disclosures, indicating
an essential area for expanded future research.

The second cluster (yellow) centers around “risk assessment”
(86 occurrences), “risk management” (22 occurrences), “invest-
ment” (15 occurrences), “economics” (nine occurrences), and
“sustainable development” (23 occurrences). This cluster em-
phasizes the role of strategic financial decisions in addressing
sustainable risks. The strong linkage between “risk assessment”
and “investment” indicates a significant scholarly focus on
ESG integration within investment practices, reflecting market
advantages obtained by firms that effectively incorporate sus-
tainability (Ben-Amar et al. 2024). Nevertheless, the frequent
co-occurrence of these terms alongside “economics” suggests
market mechanisms for pricing climate and biodiversity risks
remain underdeveloped, pointing toward a critical limitation re-
quiring attention from both academic researchers and financial
practitioners.

The third cluster (blue) involves “biodiversity” (15 occurrences),
“sustainability” (19 occurrences), “natural capital” (31 occur-
rences), “stakeholder” (nine occurrences), and “transparency”
(six occurrences). The cluster reveals academic attention to
biodiversity disclosure as a strategic issue in corporate sustain-
ability, emphasizing the necessity of incorporating natural cap-
ital into financial and sustainability reporting. The significant
presence of “natural capital” underscores growing recognition
of biodiversity's economic importance. However, a closer crit-
ical look at the connections highlights a notable gap between
biodiversity and core financial concepts, such as “investment”
or “valuation,” suggesting current biodiversity reporting prac-
tices might lack the depth required for meaningful market in-
tegration (Maechler and Boisvert 2024). Addressing this gap is
crucial for enhancing both the effectiveness and credibility of
corporate biodiversity disclosures.

Finally, the fourth cluster (green) contains themes of “corporate
governance” (eight occurrences), “policy making” (eight occur-
rences), “institutional investors” (four occurrences), “public
policy” (four occurrences), and “corporate social responsibility”
(six occurrences), highlighting governance structures' essential
role in driving corporate responses to climate and biodiversity
challenges (Todaro et al. 2021). This cluster's emphasis on gover-
nance and stakeholder influence aligns closely with earlier find-
ings that effective corporate governance structures, including
active roles played by institutional investors, significantly en-
hance transparency and disclosure quality (Cosma et al. 2022).
Nevertheless, the lower frequency and limited direct connec-
tions with biodiversity and natural capital underscore an under-
explored potential: enhancing governance structures to facilitate
integrated disclosures under TCFD and TNFD frameworks.
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FIGURES5 | Network diagram for keywords.

In conclusion, this keyword co-occurrence network analysis eluci-
dates critical thematic areas in current research: climate risks and
disclosures, sustainable investment practices, biodiversity inte-
gration, and governance structures. While extensive connections
are evident within these clusters, important research gaps persist,
particularly regarding the deeper integration of biodiversity risks
with financial practices and market mechanisms. The conver-
gence of climate and biodiversity-related keywords demonstrates a
methodological opening for interdisciplinary reporting practices.
Integrating ecological metrics with financial indicators under the
TCFD and TNFD framework could enhance the consistency and
decision usefulness of corporate disclosures, encouraging firms to
adopt a unified approach to sustainability transparency (Troullaki
et al. 2021). Despite this emerging convergence, the literature still
lacks integrated analytical models that connect ecological and fi-
nancial dimensions. Therefore, future research should focus on
bridging these theoretical and methodological gaps by incorporat-
ing interdisciplinary insights from ecological economics and be-
havioral finance to develop a more comprehensive framework for
managing corporate sustainability risks.

4 | Conclusion and Future Research
This study systematically addressed four core research ques-
tions through a combined SLR and bibliometric analysis of 276

peer-reviewed articles:

First, Fragmentation and Reporting Burden: We found that frag-
mented ESG frameworks significantly increase firms' reporting

economii activity

resilience decision-making tefd recommendations

risk
climate-related risk

adaptation
climate change risk

climate adaptation

burdens and information asymmetry, leading to conservative
accounting practices and reduced strategic clarity (Hummel
et al. 2019). This fragmentation undermines the effectiveness of
sustainability risk management by inflating compliance costs
and diluting disclosure comparability (Tarmuji et al. 2016).
Second, Governance and Stakeholder Influence: Our analy-
sis revealed that governance structures, particularly board di-
versity and institutional investor engagement, play a critical
role in enhancing disclosure quality (Adams 2017). However,
stakeholder pressures vary widely, and governance mecha-
nisms often struggle to reconcile symbolic legitimacy with sub-
stantive accountability (Maniora 2018). Third, Alignment of
Climate and Biodiversity Risks: Evidence shows that integrat-
ing biodiversity risks into climate disclosures strengthens firms'
financial resilience and adaptive capacity (Boiral and Heras-
Saizarbitoria 2020; Velte 2021). Yet, methodological gaps and in-
consistent metrics hinder full alignment, limiting the strategic
utility of integrated disclosures (Flammer et al. 2021). Fourth,
Theoretical and Policy Pathways: Drawing on five dominant
theories: legitimacy, stakeholder, institutional, agency, and sig-
naling, we proposed a conceptual framework (Appendix 2) that
supports harmonization of TCFD and TNFD (Adams 2017).
This framework offers a coherent foundation for globally con-
sistent, transparent, and cost-effective sustainability reporting.

By synthesizing fragmented insights across climate and nature-
related disclosures, this study extends existing literature by
providing the first integrative evidence linking disclosure bur-
dens, governance mechanisms, biodiversity and climate risk
alignment, and theoretical pathways in one comprehensive SLR
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and bibliometric design. The use of a SLR combined with biblio-
metric analysis was particularly suited to this aim, as it enabled
a comprehensive, unbiased mapping of evolving research pat-
terns, theoretical convergence, and methodological gaps across
a rapidly expanding and interdisciplinary field (Tumewang
et al. 2025).

4.1 | Theoretical Implications

The above findings contribute to ESG scholarship by synthe-
sizing multiple theoretical lenses into a unified framework for
understanding integrated disclosures. It highlights conceptual
tensions, such as symbolic versus substantive compliance and
institutional convergence versus stakeholder specificity, that
shape corporate sustainability behavior. The layered theoretical
approach strengthens the analytical foundation for future em-
pirical testing.

4.2 | Practical Implications

For corporate practitioners, the findings underscore the need
to streamline ESG reporting processes and embed biodiversity
metrics into existing climate risk assessments. Firms should pri-
oritize governance reforms that enhance board diversity, audit
quality, and stakeholder responsiveness to improve disclosure
credibility and strategic resilience.

4.3 | Policy Implications

Policymakers must accelerate efforts to harmonize TCFD and
TNFD standards, moving toward mandatory, interoperable
frameworks. Regulatory clarity and standardized metrics are es-
sential to reduce compliance burdens, improve market compara-
bility, and foster investor confidence. The proposed conceptual
framework offers a roadmap for aligning disclosure principles
across jurisdictions.

4.4 | Limitations

While this study offers a robust synthesis of existing liter-
ature, it is constrained by the limited empirical evidence on
actual TCFD and TNFD integration in corporate practice. The
reliance on indirect indicators and theoretical extrapolation
may overlook sector-specific nuances and regional regula-
tory dynamics. Moreover, bibliometric tools, while powerful,
may underrepresent emerging grey literature and practitioner
insights.

4.5 | Future Research Directions

To address these gaps, future research should conduct longitu-
dinal case studies of firms adopting both TCFD and TNFD to
assess their behavioral and financial outcomes. It should also
focus on developing and testing standardized biodiversity met-
rics that can be embedded within climate risk models, thereby
enhancing comparability and analytical precision. Further

studies could explore cross-sectoral and cross-jurisdictional
variations in governance responses to integrated ESG frame-
works, providing insights into regulatory and institutional in-
fluences. In addition, examining investor reactions to integrated
disclosures through event studies and sentiment analysis would
offer valuable evidence on market perceptions and financial im-
plications. Collectively, these directions will help validate the
proposed conceptual framework and advance the practical rele-
vance of integrated sustainability reporting.
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Appendix
Table for search strategy

Group Keywords Number of publications Comments

Stage 1: General

search
A "TCFD*" OR "Task Force on Climate- 5684 General search in TCFD and climate
related Financial Disclosures*" OR disclosure
"Climate Disclosure*" OR "Climate-
related Reporting*” OR "Climate
risk*”
B "TNFD*" OR "Task Force on Nature- 4621 General search in TNFD and nature capital
related Financial Disclosures*"
OR "Nature Disclosure*” OR
"Biodiversity disclosure*" OR
"Natural Capital*"
C "Risk Evaluation*" OR "Disclosure*" 1,299,171 General search in risk assessment
OR "Reporting*" OR "Indicators*"
OR "Natural Capital Valuation*" OR
"Transparency*"
D "Risk Evaluation*" OR "Disclosure*" 1,611,809 General search in risk evaluation
OR "Reporting*” OR "Indicators*”
OR "Natural Capital Valuation*" OR
"Transparency™*"
Stage 2 Integrated
search
E Group A and Group C 2127 Research in TCFD and risk assessment
F Group A AND Group D 860 Research in TCFD and risk evaluation
G Group B and Group C 336 Research in TNFD and risk assessment
H Group B AND Group D 678 Research in TNFD and risk evaluation
Appendix
Conceptual framework.
| Financial Impact | ’ Disclosure Challenges |

. Natural Capital .
Portfolio Theory Legitimacy Theory Stakeholder Theory

Quantified climate and  Transparency mechanism
nature-related risks enabling integration

Integrated TCFD
and TNFD

Governance and Strategic adaptation

accountability mechanism enabling
G . mechanism integration dantive S .
overnance Drivers enabling integration Adaptive Strategies

[ [

R -Based . .
Institutional Theory Agency Theory Signaling Theory
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