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Abstract: Loss of biodiversity and natural degradation are vital issues that have significant im-
pacts on society and economy. Businesses, investors, and regulators have focused on corporate
efforts to support biodiversity and nature-positive activities. This review provides a comprehensive
overview of the importance of biodiversity for businesses, its materiality, and the roles of mandatory
and nonmandatory regulations in corporate environmental reporting and sustainability disclosure
frameworks. It also discusses descriptive information on the evolution of sustainability frameworks
by comparing the most prominent sustainability frameworks, with a key focus on the materiality
approach and biodiversity-related disclosure recommendations. Furthermore, we provide recom-
mendations for more holistic approaches to improve future sustainability frameworks focusing
on the impact of biodiversity. Additionally, we demonstrate the necessity for greater focus on the
decision-making paradigm. Further research to measure the impact of biodiversity and innovative
trends in sustainability reporting is required to better reflect nature-positive outcomes in corporate
sector businesses.

Keywords: ESG; UN SDGs; sustainability reports; corporate environmental reporting; resilience;
sustainable industrialization; biodiversity

1. Introduction

Biodiversity loss and destruction of natural ecosystems are critical global challenges
owing to their significant consequences for both society and the economy [1]. Biodiversity
can be defined as the various living organisms in each area. It includes the differences
among individual species and their interactions and relationships. It also incorporates the
taxonomic, phylogenetic, and functional aspects that demonstrate the richness of life on
Earth [2].

Factors such as climate change, environmental pollution, land use variations, excessive
exploitation of resources, and the spread of invasive species are the main causes of biodiver-
sity decline. These issues are generally linked to broader problems such as unsustainable
production and consumption [3]. Approximately one million out of the estimated eight
million plant and animal species on Earth are at risk of extinction [4]. Human activities such
as fishing and pollution affect approximately 66% of the world’s ocean area. In addition,
nearly 90% of global marine fish stocks are fully exploited, overexploited, or depleted.
Nearly 40% of the world’s insect pollinators are at risk of extinction owing to factors such
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as pollution, habitat destruction, and climate change. The World Economic Forum’s Global
Risks Report for 2024 identified pollution as a key challenge among the top ten risks en-
dangering the planet [5]. This demonstrates the urgent need for conservation measures to
address the hazards encountered by biodiversity and marine ecosystems. The emergence of
corporate biodiversity and nature-positive outcomes is a result of the urgent need to protect
and enhance biodiversity. These terms describe the actions and initiatives undertaken
by businesses to mitigate their impact on the environment and promote sustainability.
Nature positivity is a concept aimed at halting and reversing the losses in biodiversity and
ecosystems; more concretely, the NPI defines nature positivity as a global societal goal
to “halt and reverse nature loss by 2030 on a 2020 baseline, and achieve full recovery by
2050” [6]. The process by which a business provides its stakeholders with information
about its biodiversity impact and activities is known as corporate biodiversity reporting [7].

Current worldwide assessments emphasize that the deterioration of the natural world
poses a substantial risk to the effective operation of communities and economies. These
assessments reveal the importance of key modifications in systematically addressing the
loss of biodiversity [8]. Acknowledging the importance of addressing environmental
impacts has impelled an increasing number of businesses to incorporate biodiversity- and
ecosystem-related information into their sustainability reports. Businesses using resources,
as well as producing polluting substances, have direct impacts on biodiversity. One such
industry affecting biodiversity is mining. On a wide range of spatial dimensions, from local
sites to larger landscapes, regions, and even worldwide, mining activities have a significant
impact on biodiversity. Of the total deforestation that occurred in Guyana between 2000
and 2009, 60% was caused by gold mining. Ninety percent of all deforestation in 2009 came
from the loss of 9000 hectares of forest as a result of this. Every year, 2300 km of water
streams in the United States deteriorate because of coal mining [9].

Businesses are increasingly being compelled to prioritize biodiversity awareness be-
cause of its significant impact on the global biodiversity crisis. Biodiversity initiatives
address environmental concerns, unlock innovation opportunities, enhance product appeal,
and reduce operational expenses. Sustainability reporting standards such as the Global
Reporting Initiative (GRI) emphasize the importance of including biodiversity in reporting
obligations. It should encompass the count of protected species and the extent of land
managed for conservation purposes [10]. This growing trend highlights the significant
role businesses play in safeguarding the natural environment while simultaneously en-
suring their long-term sustainability and profitability. Certain companies that leverage
their strategic positions can enact changes through widespread effects [11]. Investors are
evaluating methods to include biodiversity considerations in their evaluations and direct-
ing funds toward nature-friendly approaches [12]. This shift is evident as certain business
leaders acknowledge their role and seek to rectify inclusion of biodiversity, since companies
are particularly inclined to alter their business models. Overall, a positive trend toward
biodiversity conservation is apparent in the business domain [13].

Corporate biodiversity and nature-positive outcomes provide numerous advantages.
First, these enable companies to manage the risks caused by natural resource scarcity,
climate change, and regulatory compliance [14]. By proactively engaging in biodiver-
sity conservation and ecosystem restoration, businesses can enhance their resilience to
environmental shocks and uncertainties. It is vital to strengthen the accountability of
organizations with regard to biodiversity to ascertain whether businesses are fulfilling their
role as caretakers of Earth’s biological diversity. This entails evaluating how they handle
their influence on ecosystems and species and proactively address the risk of extinction [15].
Incorporating strategies that prioritize biodiversity and positive interactions with nature
into business activities can motivate innovation and induce value creation. Companies can
devise new products, services, and business models that suit sustainability objectives by
considering environmental and social aspects [14,16]. This approach lays the foundation
for creativity, promotes resource efficiency, and opens up new market opportunities. Incor-
porating corporate practices that support biodiversity and have positive impacts on nature
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can help achieve global sustainability milestones including the Sustainable Development
Goals (SDGs). This is particularly relevant to Goal 6 (addresses clean water and sanita-
tion), Goal 13 (focuses on climate action), Goal 14 (concerns life below water), and Goal 15
(relates to life on land). These support the targets mentioned in the Paris Agreement [17].
Businesses play a critical role in supporting these goals by actively participating in the
conservation and restoration of ecosystems and biodiversity [18]. Global entities, such as
the Convention on Biological Diversity (CBD) and United Nations Framework Convention
on Climate Change (UNFCCC), have emphasized the importance of corporate commitment
to biodiversity and nature positive results. Businesses can contribute to the global efforts to
conserve and restore nature, mitigate climate change, and ensure a sustainable future by
promoting corporate biodiversity. The Task Force on Nature-Related Financial Disclosures
(TNFD) was founded to support a shift toward a sustainable and more nature positive
economy. The TNFD primarily aims to provide businesses with a framework to disclose
their impacts and dependencies on nature and integrate this information into financial
decision-making processes [18].

This initiative acknowledges the critical link between a company’s financial activities
and their implications for nature and biodiversity. This review comprehensively analyses
the status related to the knowledge of corporate biodiversity and nature-positive outcomes.
It aims to identify the drivers and obstructions to businesses” adoption of nature-positive
strategies, evaluate key sustainable frameworks, and assess recommendations for biodiver-
sity and ecosystem protection. This study also focuses on the challenges and opportunities
of integrating nature-related disclosures into financial reporting and decision making. It
provides insights into how businesses can align their strategies toward nature conservation
and restoration goals. The study aims to contribute to the understanding and advance-
ment of corporate practices that prioritize biodiversity and nature-positive outcomes by
examining the existing literature and research.

2. Biodiversity and Nature-Related Issues
2.1. Importance of Biodiversity in the Corporate Environment

Over the past 50 years, human activities have resulted in a considerable loss of bio-
diversity compared with history. This is impelled by the need to support a growing
population’s demands for fresh water, food, timber, and fuel [19]. The depletion of re-
sources and pollution has had extensive consequences. This has compelled businesses
to reassess their operations that directly or indirectly rely on biodiversity and natural
resources [20]. The risks to a company owing to the loss of nature can be straightforward.
For example, agricultural firms experience reduced crop yields because of a reduction in
pollination or soil health. One such example are nature-based tourism (NBT) companies in
Scandinavia, which are deeply dependent on their natural surroundings. These businesses,
which offer activities like hiking, biking, skiing, hunting, fishing, and kayaking, are closely
tied to unmodified natural and rural areas. The entrepreneurs in this sector often prioritize
the sustainable use of the environment over profit and growth because of their direct
reliance on nature. This sensitivity toward environmental impact stems from their need to
maintain the very landscapes and ecosystems that their businesses depend on, highlighting
a complex relationship where the preservation of nature is essential for the sustainability
and success of their ventures [21]. There are also long-term hazards that exist, such as the
potential hazard to any organization originating from the emergence of zoonotic diseases
caused by variations in land use or wildlife trade [22].

Business operations can exert negative impacts on nature and biodiversity. This
presents biodiversity-related transition risks for organizations (see Figure 1). These risks
originate from a disconnect between economic activities and efforts to safeguard nature,
including regulatory changes, legal precedents, technological advancements, and shifts in
investor and consumer preferences [23]. Similar to climate change, biodiversity-related
transition risks can disrupt production, global value chains, and productivity. This, in turn,
can result in reduced corporate profitability. Consequently, these effects can propagate
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Figure 1. Biodiversity risks for businesses and assessment of biodiversity impact.

Moreover, nature and biodiversity pose physical risks to businesses (Figure 1), origi-
nating from the degradation of natural ecosystems and the subsequent loss of ecosystem
services. These risks can manifest as acute or chronic events contingent on variations in
both biotic and abiotic conditions necessary for supporting healthy ecosystems. Certain
biodiversity-related physical risks may materialize financially within a shorter timeframe
than the anticipated impacts of climate change. This would compel businesses to assess
and mitigate their biodiversity footprint [23,25]. Hence, it is vital for businesses to evaluate
their impacts on biodiversity and make informed strategic decisions to minimize these
effects. This will ultimately play a pivotal role in promoting biodiversity conservation
efforts (Figure 1).

To address these challenges, sustainability frameworks and standards have emerged
that mandate the disclosure of biodiversity-related impacts by business sectors [26]. Such
disclosures are instrumental in informing strategic decision making that positively influ-
ences nature. Conventionally, environmental impact assessments (EIAs) focus only on
pollution. However, advanced approaches integrate biodiversity with health, social, and
environmental factors. Biodiversity is now a key consideration in corporate agendas. It is
considered as both risk and opportunity. This emphasizes the need for a comprehensive
assessment and robust environmental management. Effective biodiversity management
reduces risks, promotes opportunities, and enhances stakeholder relationships and opera-
tional stability [27]. International initiatives, such as the UN SDGs (2015) and planetary
boundaries, in conjunction with the Dasgupta Review (2021), emphasize “The vital role
of biodiversity in maintaining the sustainability of both natural and socioeconomic sys-
tems [28]”. Almost all nations in the world have agreed to support the CBD and its Global
Strategic Plan for Biodiversity 2011-2020. It includes 20 Aichi Biodiversity Targets. This
assistance has been extended to the forthcoming global biodiversity framework post-2020.
Nevertheless, none of the Aichi Biodiversity Targets have been achieved completely. Ap-
proximately one-third of these are either experiencing stagnation or exhibiting indications
of a negative shift [29,30].

An analysis conducted in 2020 on the progress of the Aichi Biodiversity Targets
set at the 2010 summit revealed that 15 of the 20 listed targets were partially satisfied.
However, one target indicated zero progress, and the remaining five displayed negative
progress indicating a trend toward adverse effects [30]. Acknowledging the urgency
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of this situation, research and practical efforts to understand and measure the impact
of business operations on biodiversity is increasing. Collaborative initiatives involving
various groups, platforms, and partnerships are working actively to assist businesses
and financial institutions in comprehending and mitigating biodiversity impacts [29].
The goal of these collective actions is to equip businesses with the necessary tools and
standards to consider the effects and advantages of biodiversity in their decision-making
processes [20]. Two examples of these tools are the Integrated Biodiversity Assessment
Tool (IBAT) and the Global Biodiversity Score (GBS), which are essential for biodiversity
assessment. IBAT, developed with the United Nations Environment Programme (UNEP)
and the International Union for Conservation of Nature (IUCN), offers critical data on
protected areas and key biodiversity areas, supporting informed decision making for
conservation [31]. The GBS, created by CDC Biodiversité, helps companies measure and
manage their biodiversity footprint, enabling them to align their strategies with global
conservation goals and enhance their environmental performances [32]. These tools can be
used by businesses to assess environmental risks and ensure compliance with biodiversity
regulations, as well as to measure and manage their biodiversity footprint and enhance
transparency with stakeholders.

Owing to the failure of the Aichi Biodiversity Targets, COP15 introduced the Kunming-
Montreal Global Biodiversity Framework in December 2022. It aims to halt and reverse
biodiversity loss by 2030. It builds upon the Strategic Plan for Biodiversity 2011-2020 [33].
It seeks to restructure humanity’s relationship with biodiversity and is aligned with the
2030 Agenda for Sustainable Development. The ultimate goal is to achieve a harmonious
coexistence with nature by 2050 [34]. Notwithstanding the introduction of the 2010 Bio-
diversity Strategy by the European Union, the companies listed in the EU exhibit limited
commitment to biodiversity protection [35]. This emphasizes the importance of aligning
policy initiatives with corporate actions to address the deficiency and ensure an effective
commitment by the corporate sector to reveal its impact on biodiversity and nature.

Biodiversity mainstreaming, as defined by the Convention on Biological Diversity
and the UNEP, emphasizes the integration of biodiversity considerations into decision
making across various sectors [36]. However, notwithstanding substantial investments
and efforts to enhance these tools, persistent deficiencies remain in the existing criteria for
biodiversity in certification, standards, business accounting, and scientific modeling [29].
In addressing these challenges, a pragmatic strategy known as “embedded mainstreaming”
was suggested by Smith et al. (2020). It recommends bundling biodiversity considerations
within broader frameworks such as environmental, natural capital, and mainstream climate
change [37]. The aim is to ensure the effective integration of biodiversity concerns amid
competing priorities, particularly in a world with limited resources.

2.2. Role of Mandatory and Nonmandatory Regulations on Corporate Environmental Reporting

Economic evidence indicates that the damage to nature caused by businesses can
affect a company’s financial health [38]. Failure to satisfy biodiversity standards can
result in fines, license revocation, customer dissatisfaction, employee disengagement, and
increased capital costs. Conversely, achieving a strong biodiversity performance can
facilitate capital access, maintain operational permission, and cultivate loyalty among
customers and staff [39]. According to a KPMG report in 2022, from the list of top revenue-
earning companies they studied, less than 50% reported their biodiversity-related risks and
impacts. Among them, the highest percentage of companies reporting on biodiversity loss
wad in the mining sector, with 79%. Following closely were companies in the forestry and
paper sectors, at 76%. In contrast, the healthcare sector reported the lowest percentage,
with only 17% of companies acknowledging the risk of biodiversity loss [40]. A study
by Hassan et al. (2020) investigated the biodiversity and extinction (B//E) disclosure
practices of the top 200 Fortune Global companies, using greenwashing and impression
management theories to understand the motivations behind these disclosures [41]. A 53-
item disclosure index was developed to assess the extent of B/E reporting, and a model was
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tested to explore the relationships between B/E disclosures and various determinants, such
as company performance, industry sector, country, assurance, environmental awards, and
species-related disclosure. According to the biodiversity and extinction reporting by the top
200 Fortune Global companies is minimal, with very few companies providing substantial
information. Even the companies with higher disclosure scores showed inconsistency
across different reporting themes.

The introduction of the Greenhouse Gas Reporting Program (GHGRP) in the United
States reduced the environmental litigation risks for corporations [42]. The study also
revealed the importance of the mandatory reporting of greenhouse gas (GHG) emissions
for determining companies” environmental conduct. It emphasized the interconnectedness
between regulatory actions, corporate responsibility, and financial results.

Charitou (2022) analyzed the impact of the European Union (EU) legislation on corpo-
rate environmental disclosures in Europe [43]. The study observed that regulations have
resulted in an increase in the extent of environmental disclosure. Tang and Demeritt (2017)
compared the GHG emissions before and after Mandatory Carbon Reporting (MCR) [44].
The observations revealed that all the sectors experienced an increased percentage of sus-
tainability reporting post-MCR implementation. However, imposing mandatory reporting
requirements may not uniformly increase the standard of nonfinancial disclosures, particu-
larly for companies already engaged in voluntary sustainability reporting. Carungu et al.
(2020) indicated that mandating companies to disclose nonfinancial reports (NFRs) does
not consistently result in an overall improved quality of the reports [45]. Approximately
25% of the companies that voluntarily shared additional sustainability reports did not
show enhanced quality in their disclosures even when NFRs were mandatory [44]. Similar
consequences can be anticipated when nature positivity is reported.

3. Corporate Sustainability Disclosure Frameworks
3.1. Corporate Sustainability Disclosures: Evolution Throughout History

In transitioning to corporate sustainability, the evolution of sustainability reporting
frameworks has achieved significant milestones. As investors display a growing inter-
est in nonfinancial information, various sustainability accounting frameworks have been
introduced to standardize the reporting of environmental, social, and governance (ESG)
data [46]. Developing sustainability frameworks involves the consideration of two key per-
spectives: the sustainability paradigm (environmental, social, and economic) and decisional
paradigm (strategic, tactical, and operational). Integrating both is important for effective
implementation. However, studies have observed limited integration in decision-making
aspects [47].

In et al. (2023) examined the evolution of sustainability reporting guided by Kuhn's
scientific revolution theory [48]. They revealed four key periods in sustainability report-
ing. The initial phase (1973-2005) did not have a consensus on theories. The subsequent
period (2006-2011) experienced an increase in the number of conceptual frameworks that
dominated the landscape. The following years (2012-2015) underwent a crisis phase with
increased empirical analysis and shifts in attention to integrated reporting and sustainabil-
ity transition. The most recent period (2016-2019) indicated a potential paradigm shift,
with sustained interest in sustainability reporting. This period is designated as the age of
stakeholder engagement. The focus has shifted considerably toward acknowledging the
significance of materiality in sustainability considerations [48]. Sustainability reporting
is displaying a growing trend. Although the initial emphasis was on reporting climate-
related issues, a shift in the trend toward addressing broader nature-related issues has been
observed [49]. Primary contemporary sustainability reporting frameworks and standards
have been established by influential entities such as the GRI, Sustainability Accounting Stan-
dards Board (SASB), Climate Disclosure Project (CDP), and Climate Disclosure Standards
Board (CDSB). These frameworks are pivotal in guiding organizations in the disclosure of
their ESG performances [46].
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Since its establishment in 1997, the GRI has been the leading framework for sustain-
ability reporting (Figure 2). It was founded in partnership with organizations such as
the Coalition for Environmentally Responsible Economies (CERES) and UN Environment
Program (UNEP). It introduced the G4 guidelines in 2013, thereby reinforcing its commit-
ment to providing comprehensive standards for organizations engaged in sustainability
reporting [50]. The GRI addresses the information requirements and expectations of various
stakeholders across sectors [51]. The CDP was established in 2000 (Figure 2) [52]. It is
an online reporting infrastructure. Its main purpose is to provide stakeholders with the
autonomy to disseminate information unilaterally [53]. The GHG Protocol was initiated
in 2004 (Figure 2). It is a universal, standardized framework on a global scale. These
frameworks facilitate the quantification and regulation of GHG emissions across both
private and public sector activities, supply chains, and efforts to reduce emissions [54].
The CDSB provides companies with a structured approach to reporting environmental
data. This framework was introduced in 2010 (Figure 2). It enables companies to provide
investors with relevant environmental insights in their regular corporate reports. The SASB
framework was introduced in 2011 (Figure 2). The objective was to create and promote stan-
dards for sustainability accounting that enable publicly traded companies to communicate
relevant and valuable information to investors [55].

Climate ‘:'IR\:' I
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Figure 2. Evolution of sustainability frameworks (adapted from [56]).

Since its inception in 2013 (Figure 2), the International Integrated Reporting Frame-
work has aimed to expedite the global uptake of integrated reporting. Improving the
quality of the information available to financial stakeholders facilitates a more efficient
allocation of capital. Moreover, it supports a unified and thorough approach to corporate
reporting. Thereby, it integrates various reporting aspects to convey the full spectrum of
factors influencing an organization’s long-term value creation [57].

The Taskforce of Climate-Related Disclosures (TCFD) initiative was introduced in
2015 (Figure 2). It is actively formulating guidelines for disclosing climate change-related
risks [58]. The TCFD provides a broad definition of climate risk. This definition focuses on
two main categories of risks: the challenges associated with transitioning to a lower-carbon
economy and the potential impacts of climate change on the physical environment [59].
However, both G20 and G7 (which comprise the heads of state and governments of leading
industrial nations) have identified a deficiency in best practices that specifically address
the management of natural risks [60]. Analysis done by Nascimento et al. (2021) on
G20 climate policies reveals that there are major gaps, including inconsistent support for
renewables and inadequate policies for fossil fuel phase-out, with some emissions still
uncovered by existing policies [61]. Fyson et al. (2022) explain the gaps of G7 to meet the
Paris Agreement’s 1.5 °C goal [62]. Their current emissions targets are insufficient, and
none of the G7 countries are on track to meet even these goals. Additionally, Fyson et al.
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(2022) explain that the G7 does not provide adequate support for developing countries to
help with global decarbonization efforts. Because of these gaps many of the sustainability
frameworks may not fully capture the effectiveness or shortcomings of actual policies. As
a result, sustainability reports may present an overly optimistic view, failing to address
critical areas where policy actions are lacking or misaligned with global climate goals. The
TCFD and CDP play significant roles in supervising environmental risks and demonstrating
leadership in this domain [63]. The TNFD has similar goals and may become a leading
authority in disclosing risks related to nature [64]. As concerns regarding the perceived
risks associated with climate change grow, companies in various industries are adjusting
their corporate risk-management approaches to align with the recommendations of the
TCFD. Particularly, the automotive, oil and gas, mining, and financial services sectors
are leading the way in incorporating these recommendations into their risk-management
strategies. These are outpacing other industries in this regard [53].

The goal of the TNFD was to set up a unified system for financial institutions to report
on biodiversity-related Financial Risks (BRFRs) starting in 2021. This approach followed a
structure similar to that of the established TCFD [18]. The TNFD significantly influences
corporate and financial practices by emphasizing the integration of sustainable approaches
and robust risk management [23,64]. Its comprehensive recommendations show a versatile
framework appropriate for entities of all sizes. The focus is on identifying and disclosing
nature-related issues. TNFD provides strategic disclosures for the Kunming—Montreal
Global Biodiversity Framework. This collaboration is a significant step toward achieving
global biodiversity goals and can positively influence sustainability and environmental
resilience [23].

It is important for companies engaging in sustainability reporting to understand
the main sustainability frameworks, such as the GRI, SASB, CDP, TCFD, and TNFD.
According to the Cambridge dictionary, materiality is “a measure of how important a piece
of information is when making a decision”. The GRI standards define a topic as material
if it reflects the company’s most substantial impacts on the economy, environment, and
people, including those related to human rights [65] (Table 1).

This table shows the purpose, stakeholder focus, materiality approach, disclosure
structure, and biodiversity approaches. It provides a clear and concise overview of each
framework’s features and applicability. Thereby, it would support companies in selecting
compatible frameworks for their reporting requirements. Furthermore, it reveals the
contribution of selected frameworks for biodiversity disclosures. It also highlights the
improvements necessary to create robust frameworks for biodiversity disclosures.
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Table 1. Comparison of the following sustainability frameworks: GRI, SASB, CDP, TCFD, and TNFD.

Characteristic GRI SASB CDP TCFD TNFD
To create and promote standards for An extensive online reporting system  An initiative to provide reports that
To support in the decision-making cate and p . that empowers stakeholders to address both dependencies and To create a standardized framework for
lationshi : sustainability accounting that enable ind dently share inf - . h . Facili 6 ial instituti discl
Purpose rel a.tlons ip to economic, publicly traded companies to indepen er}t' y share in ormqtlon, impacts on the env1f0nment. aci itate inancia {nstltutlons 'to isclose
environmental, and social impacts of . thereby facilitating the effective adherence to established and widely biodiversity-related financial risks (BRFR)
A, communicate relevant and valuable . . Lo
an organization [53,66]. . 3 . management of environmental acknowledged reporting standards for  starting in 2023 [23].
information to investors [67]. . M
impacts [53]. organization [68].
. . Companies, investors, lenders, L .
Investors, consumers, employees, and Investors, companies, and corporate Company, investors, and . . Companies, investors, lenders, insurance
Stakeholder focus .. . ) . insurance underwriters, and other .
civil society [46]. issuers [53,69]. customers [53]. underwriters, and other users [23].
stakeholders [70].
Financially material sustainable
information is essential for short-,
Double materiality approaches, both medium-, and long-term value
financial materiality and societal creation [53]. A material topic has an
materiality [71]. impact on the financial condition or Recommends that organizations Satisfying the information requirements of
Assessing whether the process of an operating performance of an assess the materiality of capital providers aligning with ISSB’s IFRS
organization contributes positively or organization [71]. Follows the Climate Disclosure climate-related information in a Standards and TCFD recommendations
Materiality approach negatively to sustainable SASB provides a materiality map that ~ Standard Board’s materiality manner similar to how they evaluate while also addressing stakeholders’ concerns

development [66].

Disclosing material information of the
organization that affects positively
and negatively on environment,
economy, and society [53].

delineates potentially significant
issues at both sector and industry
levels. At the sector level, the map
indicates whether specific issues are
likely to be material for over 50%, less
than 50%, or none of the industries
within that sector [53].

approach [53].

the significance of other details
included in their financial
disclosure [68].

related to impacts, in coherence with a
comprehensive materiality approach as
outlined in the GRI Standards [23].

Disclosure structure

Four main categories: management
approach, economic performance,
environmental performance, and
social performance [53].

Standards for sustainability reporting:

GRI 101: Foundation 2016.
GRI 102: General.

Disclosures 2016.

GRI 103: Management.

GRI 200: Economic Standards.
GRI 300: Environmental.
Standards.

GRI 400: Social Standards [68].

PN W

Categorized into five areas:
environment; social capital; human
capital; business model; and
innovation, leadership, and
governance [53].

The SASB Standards includes

77 industries distributed across

11 sectors [68].

Three major disclosure areas: climate
change, forests, and water security.
State and region-specific disclosure
themes: governance, region-wide
emission, strategy, risks and
adaptation, water security, and forest.
City-specific disclosure themes:
governance, climate hazards,
adaptation, city-wide emissions,
emission reduction, opportunities,
local government emissions, energy,
building transport, urban planning,
food waste, and water security [53].

The disclosure structure has four key
segments: governance, strategy, risk
and impact management, and metrics
and target [23].

The disclosure structure has four key
segments: governance, strategy, risk and
impact management, and metrics and
target [23].
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Table 1. Cont.

Characteristic

GRI

SASB

CcDP

TCFD

TNFD

Feasibility of utilizing the
framework in collaboration
with other frameworks?

Feasible

GRI is designed to function as a guide
for developing a customized
sustainability report for a company.
The report induces and simplifies the
incorporation of metrics and reporting
specifics from other frameworks [68].

Feasible

SASB aims to identify financially
significant sustainability information.
Therefore, the resulting data, metrics,
and narrative are designed explicitly
for seamless integration into both
regulatory filings and publicly
released sustainability reports [68].

Feasible
CDP is aligned with ISSB, GRI, TCFD,
and TNFD recommendations [72].

Feasible

Compatible with established reporting
frameworks such as CDP, SASB,
CDSB, GRI, and IIRC. The entities that
are already employing these
frameworks may identify effective
resources within the TCFD framework
to aid in the collection and disclosure
of climate-related information [68].

Feasible

The TNFD recommendations were developed
to align with existing reporting frameworks
such as CDP, SASB, CDSB, GRI, and

IIRC [23].

Biodiversity approach

GRI 304: Biodiversity

1. Management approach
disclosures.
2. Topic specific disclosures.

Disclosure 304-1: Operational sites
owned, leased, and managed in (or
adjacent to) protected areas and areas
of high biodiversity value outside
protected areas.

Disclosure 304-2: Significant impacts
of activities, products, and services on
biodiversity.

Disclosure 304-3: Habitats protected
or restored.

Disclosure 304-4 IUCN: Red-list
species and national conservation list
species with habitats in areas affected
by operations [73].

Environmental disclosures include

1. GHG emissions: direct
(Scope 1).

2. Air quality: airborne
pollutants.

3. Energy management:

management of energy
efficiency and intensity, energy
mix, as well as grid reliance.

4. Water and wastewater
management.

5. Waste and hazardous materials
management.

6. Ecological impacts: manage

company impacts on
ecosystems and biodiversity.

Includes exploration, resource
extraction, cultivation, project
development, construction,
biodiversity loss, habitat destruction,
and deforestation across all the project
stages.

Does not address impacts of climate
change on ecosystems and
biodiversity [55].

Four main questionnaires are based
on climate change, forest stewardship,
water security, and plastic pollution.
CDP’s climate change questionnaire,
in alignment with TCFD
recommendations, would integrate
ISSB’s climate disclosure standard
from 2024.

CDP’s forests questionnaire aligns
with the Accountability Framework.
CDP’s questions on plastics are based
on established frameworks such as
The Ellen MacArthur Foundation and
UNEP’s Global Commitment [74].

GHG Emissions Absolute Scope 1,
Scope 2, and Scope 3; emissions
intensity.

Amount and extent of assets or
business activities vulnerable to
transition risks.

Capital expenditure, financing, or
investment deployed to address
climate-related risks and
opportunities [70].

Discuss extensively regarding the
biodiversity disclosures.

1.
2.

3.

Total spatial footprint.

Total surface area controlled /managed
by the organization.

Extent of land /freshwater/ocean-use
variation.

Mean species abundance (MSA).
Potentially disappeared fraction of
species.

Proportion of land degraded.
Keystone species: variations in
populations of priority identified
species (keystone species).

Forest Structural Condition Index:
combines data on forest extent with
data on forest structure.

Species Threat and Restoration Metric
(STAR).

Global Extinction Probability (GEP).
Persistence Score (PS).

Occurrences: Measures the number of
individuals of a species of interest in a
specific area [23].
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3.2. Comparison of Sustainability Frameworks

A comparison of the main sustainability reporting frameworks reveals differences in
their priorities, such as scopes, stakeholder focus, and materiality [75]. The GRI standards
provide flexibility for thorough reporting, SASB specializes in industry-specific metrics,
CDP facilitates an online platform for companies to disclose their preparedness regarding
climate change risks and opportunities, and TCFD provides guidance on disclosing financial
risks related to climate change and supports adherence to reporting standards addressing
environmental dependencies and impacts [53]. The TNFD focuses mainly on biodiversity.
It creates a standardized framework for financial institutions to reveal biodiversity-related
financial risks. This approach emphasizes the TNFD’s dedication to address the critical
issue of biodiversity conservation and integrating it into financial considerations for a more
holistic approach to sustainability reporting [23]. Robert Eccles is a prominent figure in
the ESG field. He has expressed concerns regarding the complex landscape created by the
distinct reporting standards of entities such as SASB, GRI, and TCFD. This has resulted in
what he refers to as the “alphabet soup”, which has caused ambiguity among companies
and investors [76].

Analyzing how sustainability standards define materiality is necessary because these
directly impact the issues that companies opt to report. The GRI serves as a comprehen-
sive reporting standard that emphasizes the impact and involves input from multiple
stakeholders. The GRI’s attention is directed toward an organization’s current economic,
environmental, and social performance. Its materiality considerations extend beyond only
financial matters to include a broader significance [53]. The GRI uses a double materiality
approach (Table 1) comprising both financial and societal materiality.

This framework revolves around two key dimensions. First, it evaluates the sig-
nificance of an organization’s economic, environmental, and social impacts. Second, it
measures the substantial influence of these impacts on stakeholder assessments and de-
cisions [71]. SASB’s conceptualization of materiality may not necessarily reveal critical
sustainability issues. Thus, its framework may not be aligned with sustainable development
as understood more broadly [71]. TCFD establish voluntary and consistent climate-related
financial disclosures designed to assist investors, lenders, and insurance underwriters in
evaluating material risk (see Table 1). According to the TCFD, disclosure of financially
significant information is a legal requirement in numerous jurisdictions. Therefore, if
climate-related information holds financial materiality, it should be a part of the mandatory
disclosure. In this context, the TCFD emphasizes that its recommendations are intended to
assist organizations in fulfilling their current disclosure obligations more efficiently [59].

A comparison of the materiality approaches of the sustainability frameworks GRI,
CDP, SASB, TCFD, and TNFD revealed that these vary in their emphasis on different
aspects. GRI Standards uniquely focus on an organization’s impact on sustainable develop-
ment rather than only on its sustainability. The SASB focuses more on financial materiality,
which can have a significant impact on the performance of an organization. The CDP aligns
with the materiality approach of the Climate Disclosure Standard Board. It emphasizes the
significance of climate-related information (Table 1). The TCFD recommends evaluating
the materiality of climate-related information, similar to other financial details. TNFD ad-
dresses the informational requirements of capital providers in alignment with the standards
of the International Sustainability Standards Board (ISSB) and recommendations of TCFD
while concurrently satisfying stakeholders’ requirements with a comprehensive materiality
approach following GRI Standards.

The sustainability frameworks examined, including the GRI, SASB, CDP, TCFD, and
TNEFD, present diverse approaches to environmental- and biodiversity-related disclosures.
The GRI emphasizes both management- and topic-specific disclosures with a focus on
biodiversity protection and habitat restoration. GRI 304: Biodiversity standards comprise
the following two main aspects: the management approach and topic-specific disclosure
(see Table 1). The four key disclosures include details on operational sites in or near
protected areas (304-1), significant impacts on biodiversity (304-2), efforts toward habitat
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protection or restoration (304-3), and the identification of species in affected areas (304-
4). These disclosures aim to enhance the transparency in an organization’s biodiversity
management.

The ISSB issued its sustainability reporting standards as the International Financial
Reporting Standards (IFRS) in June 2023. The IFRS sustainability disclosure standards are
derived from the following four foundational elements of the TCFD framework: gover-
nance, strategy, risk management, and metrics with associated targets. These standards
focus mainly on financial materiality [77].

The IFRS framework incorporates several standards that address environmental con-
cerns directly and indirectly. IFRS 6 focuses on extractive industries, IFRIC 5 guides
decommissioning and restoration expenses, and the ongoing discussions on IFRIC 3 and
IAS 38 address government-allocated emissions rights [78]. The IFRS comprehensively
addresses various environmental aspects. Nonetheless, it is important to note that the
current recommendations do not explicitly provide detailed guidance on disclosures related
to biodiversity.

SASB addresses a broad spectrum of issues related to environmental protection, includ-
ing GHG emissions, air quality, energy management, waste and wastewater management,
hazardous waste management, and ecological impact (Table 1). These standards address
biodiversity loss, habitat destruction, and deforestation at all stages. However, these do
not include the broader impacts of climate change on ecosystems and biodiversity. The
CDP questionnaires align with the TCFD and established frameworks. It anticipates future
mandatory reporting standards (Table 1). It currently utilizes the following four main
questionnaires for environmental disclosure: Climate Change, Forest Stewardship, Water
Security, and Plastic Pollution. Aligned with TCFD recommendations, the Climate Change
questionnaire integrates ISSB’s climate disclosure standard. It enables disclosing companies
to anticipate future mandatory reporting aligned with TCFD standards. The Forests Ques-
tionnaire aligns with the Accountability Framework. This enables companies to satisfy the
expectations of buyers, investors, and stakeholders. The CDP’s questions on plastics are
based on established frameworks such as The Ellen MacArthur Foundation and UNEP’s
Global Commitment. It transforms complex guidelines into a standardized annual format
by incorporating best practices [74]. Nevertheless, these questionnaires do not appear to
directly address disclosures related to their impact on biodiversity. The primary focus of
the TCFD is climate-related disclosures encompassing GHG emissions (Absolute Scope 1,
Scope 2, and Scope 3) and emission intensity. Additionally, it describes the assessment
of assets or business activities vulnerable to transition risks, and quantifies the capital
expenditure, financing, or investment dedicated to climate-related risks and opportunities.

The TNFD pays close attention to biodiversity disclosures and evaluates different
aspects to understand how organizations affect ecosystems. The disclosures recommended
by the TNFD Framework address many aspects such as the total area an organization
manages and any areas that have been disturbed or restored. Further variations in land,
freshwater, and ocean use are considered based on the type of ecosystem and business
activities involved. The TNFD also focuses on the average abundance of species, potential
loss of species owing to human activities, and the extent of land degradation. These assess
the variations in the populations of important species; the condition of forests; and metrics
such as the Species Threat and Restoration Metric (STAR), Global Extinction Probability
(GEP), Persistence Score (PS), and occurrence (Table 1). This comprehensive approach
helps evaluate an organization’s impact on biodiversity according to the TNFD guidelines
for 2023. Furthermore, the TNFD has provided additional sector guidelines for specific
sectors that recommend further disclosures related to nature-related issues owing to their
significant influence on nature [23]. These sector guidelines focus mainly on key industrial
sectors such as oil and gas, metal and mining, forestry and paper, food and agriculture,
electric utilities and power generation, chemicals, biotechnology and pharmaceuticals,
aquaculture, and financial institutions. There is significant potential for the development
of sector-specific guidance in industries such as automobile, consumer durables, apparel,
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and retail construction to mitigate their considerable impact on the environment. Further,
Deweerdt et al. (2022) state that the TNFD'’s targets and metrics exhibit the following six
key features: clear differentiation between preparation and disclosure metrics, consistency
with TCFD standards, applicability throughout the value chain, universality across sectors,
periodic evaluations for ongoing relevance, and alignment with anticipated international
frameworks, such as the Convention on Biological Diversity and the Science-based Targets
Network [64]. This design ensures robust and adaptable metrics for effectively addressing
nature-related risks, particularly considering the negotiations at COP15. Furthermore,
the TNFD and ISSB have decided to collaborate on nature-related issues. This would
significantly accelerate business-driven biodiversity conservation efforts [23].

The overall comparison of the selected sustainability frameworks emphasizes the
TNFD’s higher focus on biodiversity-related corporate disclosures. This distinguishes it
from the TCFD, which focuses primarily on climate change (Table 1). Although the GRI,
SASB, and CDP address environmental and biodiversity protection in their disclosure
recommendations and standards, these do not prioritize extensive disclosures related to
biodiversity impacts compared with the TNFD. The TNFD acknowledges the absence of
standardized metrics for communicating nature-related risks to investors and the public. It
is challenging to interpret and compare the currently available information across industries.
To address this deficiency, the TNFD has developed consistent standard metrics. These
metrics align with existing and upcoming initiatives including the SASB and ISSB [63].

4. Discussion
4.1. Limitations of Sustainability Frameworks with Respect to Biodiversity

Biodiversity is inherently complex and multidimensional. It presents a significant chal-
lenge for businesses aiming to design successful conservation models [79,80]. The increased
public awareness of climate change and biodiversity loss has placed companies under in-
creased scrutiny. This necessitates the measurement and disclosure of their biodiversity
relationships to maintain social approval [81]. But, organizations generally encounter
limitations in reporting biodiversity because of inadequate knowledge and disclosure [82].
Critics contend that current reporting standards fail to address the degeneration of nature.
This highlights a significant deficiency in accounting for biodiversity losses [83]. Notwith-
standing the efforts to integrate sustainability into decision making through evaluation
frameworks, practical applications encounter drawbacks and limitations [84]. The existing
frameworks lack comprehensive methods to quantify the environmental impact of industry
on ecosystems, which are dynamic and subject to natural disturbances [85]. Despite efforts
to integrate sustainability into decision making through evaluation frameworks, practical
applications encounter drawbacks and limitations [84]. In response Layman et al. (2023)
recommended innovative strategies for assessing a company’s biodiversity relationships.
These include evaluating risks from nature-related factors and minimizing contributions
to species extinction risks using datasets [86]. However, the practical applications and
real-world impacts of these strategies remain ambiguous. This has stimulated a critical
examination of their feasibility. This apparent deficiency in addressing environmental
impacts emphasizes the need for a more holistic approach to sustainability frameworks.
A comprehensive disclosure mechanism should be established to account for a broader
spectrum of biodiversity impacts.

Therefore, we focused on the critical role of biodiversity within corporate environ-
ments by examining and contrasting existing sustainability reporting frameworks. With
a specific emphasis on biodiversity, we compared these frameworks to gain insights into
their approaches to disclosing biodiversity impacts. After the comparison, it clearly shows
that the existing frameworks have varied levels of significance given to biodiversity in their
indicators and standards. With the development of concerns related to biodiversity among
many stakeholders in the industries, the popular and widely used sustainability frame-
works should give more focus to aligning their standards to support biodiversity disclosure,
motivating companies to adopt more nature-positive strategies. Subsequently, we provide
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further recommendations to improve the measurement of the impact of biodiversity on
corporate sustainability reporting.

4.2. Suggestions to Improve Biodiversity Disclosure

We would like to suggest innovative strategies for assessing a company’s biodiversity
relationship, including evaluating risks from nature-related factors and minimizing contri-
butions to species extinction threats using datasets. However, the practical application and
real-world impact of these strategies remains unclear, prompting a critical examination of
their feasibility. This apparent gap in addressing the environmental impact highlights the
critical need for a more holistic approach to sustainability frameworks. A comprehensive
disclosure mechanism should be established to effectively account for the broader spectrum
of biodiversity impacts.

When environmental performance indicators do not effectively evaluate the positive
and negative impacts of all the supply chain activities on biodiversity and ecosystem
services, companies encounter challenges in providing holistic and standardized corporate
responsibility reports [87]. Therefore, there is an urgent need for a comprehensive and
standardized set of indicators to evaluate the biodiversity and ecosystem services across
the entire supply chain of a focal organization [88]. Additionally, there is a need for
government support and policy standards to back these disclosures by enacting proper
policies and guidelines. A regulatory approach, supported by scientific engagement in the
development of disclosure standards and relevant policy indicators, need to be advocated
to ensure positive impacts on biodiversity [89]. As discussed in Section 2.2, regarding the
role of mandatory and nonmandatory regulations for corporate disclosure, we suggest
that governments support these disclosure initiatives both locally and globally. States
should encourage businesses to disclose their nature-related issues and dependencies by
enacting appropriate acts and policies. In addition to these existing recommendations,
we wish to add the following specific recommendations for improving sustainability
disclosure frameworks and corporate decision making regarding biodiversity impacts, to
the general discussion.

4.2.1. Recommendation 1: Applying GHG Emissions Methodology to Assess Biodiversity’s
Impact on Business Operations

Inadequate communication of the adverse effects on biodiversity and ecosystem ser-
vices, coupled with the divergence between formal reporting practices and practical supply
chain management requirements, can result in the absence of transparency in corporate
responsibility reporting [90]. The TNFD Framework places a significant emphasis on ad-
dressing biodiversity issues originating from both upstream and downstream activities
within the business sector [23]. Although these aspects are critical components of the
biodiversity impact within the supply chain, it is important to acknowledge that these do
not include the entire biodiversity impact. Winter et al. (2017) emphasized the use of a life
cycle assessment (LCA) to understand the impact of products on biodiversity [91]. They
observed deficiencies such as the omission of genetic diversity and incomplete considera-
tion of biodiversity pressures, and they called for more innovative methods to enhance the
LCA’s capability to accurately assess biodiversity impacts.

Therefore, we propose adopting a procedure similar to that used for GHG emissions
to emphasize the impact of biodiversity on all the aspects of business procedures (Figure 3).
This holistic approach should involve developing a disclosure framework that can effec-
tively assess the biodiversity impact originating from the supply chain and from all other
direct and indirect aspects of business operations.
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Figure 3. Strategies to drive corporate sector businesses toward nature-positive outcomes.

Scope 1—Biodiversity Impact: quantifying the direct impact of a business entity on
biodiversity. Similar to the Scope 1 GHG emissions, this can include activities such as
land-use variations, habitat destruction, resource extraction or species endangerment that
are directly attributable to the company’s operations.

Scope 2—Biodiversity Impact: quantifying indirect impacts similar to the Scope 2
GHG emissions involves assessing the biodiversity consequences of energy and resource
procurement, transportation, and other outsourced activities associated with the business.

Scope 3—Biodiversity Impact: Quantifying the indirect effects attributable to the
products or services provided by a company over its life cycle. This includes assessing the
biodiversity footprint associated with raw material extraction, manufacturing, distribution,
product use, and disposal, similar to the Scope 3 GHG emissions (Figure 3).

Implementing such a structured disclosure framework enables businesses to systemat-
ically assess and disclose their biodiversity impact across scopes. This, in turn, facilitates
a comprehensive understanding of their ecological footprints. The approach supports
targeted interventions to mitigate adverse effects, promotes conservation efforts, aligns
with broader sustainability goals, and promotes harmonious coexistence with the natural
environment. Typically, biodiversity impacts tend to be negative. The positive impacts are
generally observed as a reduction in these negative effects. However, in a few instances,
there may be direct positive impacts such as a product or production process that actively
contributes to the enhancement of biodiversity.

4.2.2. Suggestion 2: Focusing on the Localized Biodiversity Impact to Improve Local
Biodiversity Preservation

Hardin’s concept of the “tragedy of the commons” (1968) illustrates how individual
self-interest can lead to the depletion of shared resources. Recently, evolutionary biologists
used this method to analyze various biological systems. They highlighted how similar
issues of resource exploitation and depletion can manifest in natural environments [92].
Biodiversity impacts may have both global and local dimensions. This enables companies
to observe and respond to their effects at a regional scale, such as land degradation (which
directly affects the fauna and flora in that specific area). Although GHG emissions were
earlier considered as primarily local, these are now understood to have significant global
consequences [93]. The impact on biodiversity typically occurs more prominently at
the local level [94]. This localized characteristic of biodiversity impacts would facilitate
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companies in profiting from their investments in sustainability measures because the
positive impacts on their operations and reputation can be identified more directly.

A few companies have assessed the localized biodiversity impact in their ESG reports.
An example is Samsung Heavy Industry. In their 2023 ESG report, they mentioned how
they regularly monitored and identified their impact on nearby freshwater and terrestrial
ecosystems, ecotoxicity, and domestic wildlife habitats [95]. Mason et al. (2024) have
developed a novel methodology to quantify the terrestrial biodiversity supported by green
infrastructure, demonstrated in a case study of sedum roofs in London’s Meridian Water
Development [96]. According to the new approach the sedum roofs supported 53 species,
mitigating 1.3% of the in situ environmental impacts. Another example is about Danone, a
global leader in the food industry, who has embedded biodiversity into its business strategy
through the “One Planet. One Health” initiative. They have implemented regenerative
practices like cover cropping, crop rotation, and minimizing chemical usage to enhance
soil health, boost biodiversity, and strengthen ecosystem resilience [97]. One another
example for successful addressing of localized biodiversity impacts was reported by the
S11D Eliezer Batista iron mining complex, operated by Vale. They have achieved significant
biodiversity restoration through its reforestation efforts, regenerating 73% of old-growth
forest conditions within 4-6 years. These initiatives led to a positive biodiversity balance
within the company-managed areas, despite overall environmental degradation in the
region [98].

Understanding and quantifying the risks and dependencies that extend beyond na-
tional boundaries is a complex task that can pose significant challenges even in the natural
sciences [99]. Therefore, the localized characteristic of biodiversity impacts provides com-
panies a clear pathway for integrating environmental considerations into their business
strategies (Figure 3). A concrete approach to preserving local biodiversity should be
introduced to motivate businesses toward nature positivity.

4.2.3. Suggestion 3: Key Focus on the Decision-Making Aspect of Biodiversity Disclosures

Existing sustainability frameworks primarily focus on revealing the biodiversity im-
pact of various industries. However, the essential step of actively mitigating these impacts
through strategic decision making is still in its early stages. This proactive approach is the
key to effectively reducing the loss of biodiversity. Therefore, future sustainability frame-
works should prioritize motivating industries to focus on decision-making processes aimed
at minimizing their impact on the biodiversity. This would promote a more sustainable
relationship between industries and the environment (Figure 3). A study by Mintah and
Elmarzouky (2024) on Airbnb.org shows that strategically using its digital-platform-based
ecosystem strengthens its crisis response, in line with dynamic capabilities theory [100].
This research provides evidence of how digital platforms can effectively deploy CSR dur-
ing crises. The same approach could be applied to the biodiversity crisis, where digital
platforms could leverage their capabilities to support conservation and promote sustain-
able practices.

Integrating sustainability and decision-making paradigms within sustainability frame-
works is essential for successful project execution [47]. This comprehensive perspective
aims to combine sustainability and decision-making paradigms and direct efforts toward
sustainable outcomes. However, the practical implementation and level of commitment
from decision makers are areas that need to be focused on to ensure the effectiveness of such
integration. The connection between financial performance and environmental disclosure
leans more toward a positive relationship rather than a negative one [101]. Businesses
are motivated to incorporate biodiversity into their financial decision making for several
reasons. When legal obligations mandate compliance, they become priorities (Figure 3).
In addition, if actions can be executed at minimal or zero cost, businesses are more likely
to follow biodiversity initiatives. Moreover, when such efforts yield tangible advantages
(whether financial or nonfinancial, such as mitigating future risks, reducing capital costs,
generating long-term financial gains, enhancing the organization’s reputation, and pro-
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moting long-term value creation), these strengthen the case of integration into financial
strategies. Hence, regulatory bodies and related stakeholders should focus on motivating
businesses to adopt nature-positive practices based on these characteristics.

4.2.4. Suggestion 4: Linking Business Profitability with Biodiversity Conservation

Addressing the challenges associated with biodiversity reporting requires adopting
integrated reporting practices and utilizing external channels to ensure accountability [102].
Investors generally opt to allocate their funds to assets that ensure profits [103] while disre-
garding environmental information [104]. Stakeholders, such as investors, management,
and creditors, can make informed decisions regarding policies when companies actively
participate in environmental initiatives and transparently disclose these efforts in their
annual reports [105]. A study by Moussa and Elmarzouky (2024b) on the impact of ESG
disclosure on market uncertainty highlights the importance of ESG and carbon disclosures
in improving market transparency and sustainability [106]. In the same way, we would
like to suggest that biodiversity disclosure is also crucial for sustainable business practices.

However, obstructions to corporate environmental disclosure exist. This is because
owners may prioritize retaining their share of profits over disclosing environmental infor-
mation [107]. Nedopil (2022) contended that biodiversity considerations are not factored
adequately into financial decision-making processes [103]. This is largely because of the
absence of clear property rights for biodiversity and nature, whereby society sustains the
negative externalities and the positive externalities remain difficult to quantify and are
generally shared collectively. Therefore, he recommends the following four key principles:
implementing regulations to regulate nature’s exploitation, prioritizing the assessment
and mitigation of the local biodiversity risks, leveraging the secondary advantages of
biodiversity finance in conjunction with climate finance, and engaging financial decision
makers to lead and champion biodiversity finance initiatives to reduce the finance and
biodiversity disparity.

Introducing effective environmental accounting practices enhances a company’s long-
term financial viability and develops trust among investors and customers [108]. Imple-
menting strategies for environmental conservation contributes to financial success in the
long run and positively affects a company’s reputation among key stakeholders. This would
enhance its overall image and credibility [109]. An analysis by Daugaard (2019) of fund
flows revealed the strong commitment of ESG investors [110]. The methodology devised
by the Biodiversity Finance Initiative (BIOFIN) provides countries a systematic approach to
monitor their spending on biodiversity [111]. A study by Moussa and Elmarzouky (2023)
on nonfinancial firms listed on the FTSE (Financial Times Stock Exchange) has revealed that
capital expenditure (capex) positively influences ESG disclosure, with firms which have
higher governance quality showing greater ESG transparency after capex investments [112].
Additionally, this research suggest investors to take corporate governance into account
since it may have an impact on the level of ESG disclosure following capital expenditures.
The same theory can be applied to biodiversity disclosure, making it a prediction for the
improvement of the biodiversity disclosure practices of the businesses. In particular, budget
allocations that have an indirect impact on biodiversity are assigned a certain percentage to
show their contribution to biodiversity outcomes. A study conducted by Seidl et al. (2020)
on 30 selected countries revealed an increasing pattern in overall biodiversity spending in
conjunction with an increase in the proportion of total public domestic investment allocated
to biodiversity [113]. Garel et al. (2023) indicated that investors are increasingly demanding
a risk premium because of the potential for future regulations or legal actions to protect
biodiversity and suggests that investors are increasingly demanding a risk premium due to
the potential for future regulations or legal actions for protecting biodiversity [114].

To expedite the advancement of biodiversity finance, it is essential to adopt a financial
terminology that focuses on expenses (transactional costs), income, and potential hazards
while discussing biodiversity [103]. Firms with greater exposure to biodiversity risk tend
to increase their cash holdings, especially in industries highly exposed to such risks, facing
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financial constraints, or high competition [115]. This behavior reflects a precautionary
approach to managing biodiversity-related risks, separate from concerns about climate
change risk. Impact investments are directed toward projects that produce tangible environ-
mental or social advantages while also generating revenues that are returned to investors
as financial gains. This return on investment could surpass, match, or fall below standard
market rates [116]. Advanced participants in impact investing span various sectors and
entities including institutional investors such as banks, pension funds, and insurance com-
panies, as well as foundations, family offices, high-net-worth individuals, and development
finance institutions such as the World Bank. Conventional and impact bonds play a signifi-
cant role, because whether focused on safeguarding, restoring, or sustainably managing
ecosystems and species, biodiversity conservation efforts generally encounter a shortage
of funding [117]. In Peru, an impact bond was created to enhance the yield and sales of
cocoa and coffee cultivated by indigenous communities. Although a few objectives were
not achieved fully, the investors received approximately 65% of their initial investment.
This revealed a positive outcome notwithstanding the challenges they encountered [117].

Green bonds operate similarly to conventional bonds. However, these have a distinc-
tive feature, as follows: the funds raised by investors are dedicated only to supporting
initiatives that yield positive environmental outcomes, such as renewable energy projects
and sustainable building development [5]. The green bond market has developed into a
distinct infrastructure within the capital markets. This infrastructure includes guidelines
for green projects, commitments regarding the use of proceeds, external validation of green
initiatives, and reporting mechanisms to ensure transparency and accountability [118]. In
2017, the Federal National Mortgage Association in the US issued USD 24.9 billion worth
of green bonds. It represented 58% of the country’s total green bond issuance. These bonds
were connected to Fannie Mae’s Multifamily Green Initiative. It aimed to improve the
energy and water efficiency in apartment buildings and cooperatives. This initiative is
a noteworthy example for EU authorities seeking private financing for similar projects
including the installation of solar and water-saving irrigation systems in multifamily hous-
ing [119]. According to a case study in Sweden by Maltais and Nykvist (2020), engagement
with the green bond market is primarily driven by nonfinancial incentives including at-
tracting customers and staff and signaling a commitment to sustainability goals [118]. The
financial sector’s sustainability norms reinforce this engagement, with investors accepting
lower returns and issuers undertaking additional efforts to issue green bonds.

By utilizing green bonds, funds raised from this type of debt instrument can be
allocated directly to biodiversity projects. Simultaneously, this approach can reduce the
interest rate associated with financing. These provide the dual advantages of environmental
impact and cost efficiency (Figure 3). The existing literature shows the importance of a more
robust and integrated approach to sustainability frameworks. The deficiencies identified in
addressing environmental impacts, implementing biodiversity strategies, and leveraging
standardized disclosures necessitate a critical reevaluation of current paradigms. The
practical applications, industry commitment, and real impact on global sustainability goals
require extensive research to advance effective progress in sustainable practices.

5. Conclusions

This study conducted a critical analysis of the challenges and prospects for enhanc-
ing biodiversity assessment in corporate sustainability frameworks. It emphasizes the
importance of a standardized method for biodiversity disclosure and assessment. Study-
ing sustainability reporting frameworks is important to identify the best approaches for
addressing biodiversity-related issues. Existing sustainability frameworks, such as the
GRI, SASB, TCFD, and TNFD, have incorporated disclosure standards for biodiversity
impacts in different ways and at different levels. However, these existing frameworks
should be modified further to support businesses in disclosing their biodiversity impacts.
As an outlook, we refer to the new EU-related European Sustainability Reporting Standards
(ESRS). These explicitly prescribe biodiversity and ecosystem accounting in detail in the
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E4 standard. This regulation is particularly progressive. It would be applied to the EU
for the first time in 2024. Therefore, a final assessment is still infeasible. Furthermore, the
extent to which this regulation would become a global role model remains unclear [120].
However, to seamlessly disclose the impact of biodiversity, the development of a synchro-
nized common-ground framework is essential. We provide four main suggestions to close
these gaps. Using the GHG emissions methodology to evaluate the effect of biodiversity
on business operations: Our suggestion is to implement a paradigm for assessing the
biodiversity impact that is akin to the GHG emissions framework’s Scopes 1, 2, and 3,
which classify direct and indirect impacts on biodiversity along the supply chain.

The first recommendation is to develop a framework similar to that for disclosing
carbon emissions that includes Scope 1 (direct impact by the business entity), Scope 2 (indi-
rect impact in the supply chain), and Scope 3 (indirect impact through products/services).
It can provide a comprehensive impact assessment rather than assessing upstream and
downstream impacts. A more thorough understanding of the ecological consequences of
enterprises is made possible by this organized framework, which enables them to systemat-
ically quantify and reveal their biodiversity footprint. This framework also supports more
focused interventions. The second recommendation is that companies should consider
focusing more on local biodiversity impacts that can be directly analyzed and controlled.
Businesses should concentrate on reducing these local consequences through targeted
conservation initiatives, since the effects of biodiversity frequently show at the local level.
Businesses may reap actual environmental and reputational rewards by recognizing and
mitigating biodiversity problems in their local operational areas. Taking examples from
companies, Danone and Vale highlight the potential of localized biodiversity preservation
to contribute positively to both business outcomes and environmental health.

The third recommendation is to improve sustainability recommendations and stan-
dards by focusing on the decision-making paradigm to bring corporate sector disclosures
into an active decision-making step. Future frameworks should encourage companies
to actively mitigate biodiversity impacts by embedding these considerations into their
strategic planning and operational decisions, fostering a more proactive and sustainable
approach to business. Recommendation 4 shows the importance of aligning profitability
with biodiversity conservation by integrating environmental initiatives such as green bonds
into corporate reporting practices. By integrating biodiversity considerations into finan-
cial decision making, businesses can enhance long-term value creation, reduce risks, and
improve their reputation. Mechanisms such as green bonds and biodiversity finance offer
opportunities for companies to align profitability with ecological sustainability, ensuring
that businesses contribute to biodiversity conservation while benefiting from enhanced
financial performance.

In addition to these recommendations, the role of government policies and regulatory
frameworks is critical in ensuring the successful implementation of biodiversity disclosure
practices. Standardized regulations, backed by scientific expertise, would provide the neces-
sary structure for businesses to align their operations with biodiversity conservation goals.

Given the novelty of Suggestion 1 that we introduced in Section 3, we are unable
to include relevant case studies as examples, which is a limitation of this study. Further-
more, the lack of empirical data to substantiate the suggestions are due to the absence of
standardized biodiversity-related disclosures by most of the businesses. Future research
should focus on the economic importance of biodiversity in financial decision making
while concentrating on creating standardized methods for measuring biodiversity impacts
throughout supply chains. Furthermore, studies should look into how policies and digital
technologies might improve biodiversity disclosures and mitigation strategies.
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