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Abstract

The study examines how biodiversity awareness and biodiversity risk affect the financial
performance of publicly traded companies in the U.S. between 2002 and 2023. We investigate the
impact of sentiment-driven and regulatory risks on a firm's return on assets using fixed-effects
regression on biodiversity-related disclosures extracted from Giglio’s (2024) textual analysis in
10-K reports. Findings show that biodiversity awareness was not having strong relationship with
firm performance but started to show positive correlation with short term performance after 2020.
Biodiversity-related regulatory risk exposure negatively impacts affect short-run performance,
signaling that they represent an immediate cost for compliance. The results following 2020,
however, point to an optimistic change in regulation impact that firms have adjusted to, suggesting
firms have adapted, potentially leveraging compliance as a competitive advantage. Lastly,
biodiversity risks had no predictive power before 2020 but became positively correlated with firm
performance after that. This may reflect a growing tendency for investors to reward firms that
identify and manage their environmental impact. These findings imply that companies that
incorporate biodiversity considerations into their strategies, which connect environmental
responsibility with financial resilience, can benefit from increased stakeholder attention to

biodiversity.

Keywords: Biodiversity awareness, biodiversity risks, firm performance, transition risk, physical
risk.
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1. Introduction

Biodiversity loss has today become a critical issue for ecosystems and economies across
the world. Biodiversity, in simple terms, determines the variation among living organisms and their
ecosystems, which provide essential ecosystem services valued at tens of trillions of dollars

annually (Costanza et al., 1997). These services are integral to numerous industries, including

agriculture, fisheries, and pharmaceuticals, which rely on healthy, functioning ecosystems for

resources such as pollination, water purification, and soil fertility (Giglio et al., 2024). The present

rate of biodiversity decline is unprecedented in human history, with species extinction rates

estimated to be 10 to 100 times higher than the base rate over the past 10 million years (IPBES

2019). This could affect not only environmental sustainability but also economic systems, as more
than half of global GDP, which is approximately $44 trillion, depends moderately or highly on

nature and its services (WEF, 2020). Without proper biodiversity risk management, industries

could face resource shortages, supply chain disruptions, and increased operational costs, potentially
leading to economic contractions and reduced resilience in the long run (Dasgupta, 2021).

The degradation in biodiversity not only disrupts these services but also poses long-term

risks to global economic stability, with the World Economic Forum (WEF, 2020) ranking

biodiversity loss among the top three risks facing the global economy. As Karolyi (2023)
emphasized, there is an urgent need to understand and integrate biodiversity risks into financial
strategies. He draws a parallel between the scale of biodiversity loss and climate risk, noting that

the latter receives considerably more attention in corporate finance.

Recently, Giglio et al. (2024) developed an innovative method to assess biodiversity risk

exposure at both firm and industry levels. They created quantitative metrics, including the 10K-
Biodiversity-Count, 10K-Biodiversity-Negative, and 10K-Biodiversity-Regulation scores, to
gauge exposure to biodiversity-related risks through analysis of firm 10-K statements, survey
responses, and portfolio holdings of biodiversity-focused funds. Giglio and colleagues concluded
that biodiversity risks are at least partially priced into asset prices, particularly in industries that
directly depend on ecosystems, such as food production, pharmaceuticals, and utilities. This
research suggests that a firm’s performance can be significantly affected by its exposure to
biodiversity risks due to impacts on operational resilience, regulatory compliance, and resource

availability.



Building on the work of Giglio (2024), this paper investigates whether a causal relationship
exists between biodiversity risk exposure and firm performance, concerning both long- and short-
term impacts. In particular, we will examine how biodiversity risks—both physical and transition
risks—affect a firm’s Return on Assets (ROA). The long-term impact will be assessed by
examining overall ROA trends over multiple years, while short-term effects will be measured

through annual changes in ROA.

This approach will provide a comprehensive understanding of biodiversity’s effect on
financial performance, especially as firms face potential regulatory pressures, reputational risks,
and operational disruptions tied to biodiversity loss. Target audiences include corporate financial
managers, ESG-focused investors, and regulatory bodies interested in environmental risks within
corporate strategy and financial stability. The expected outcomes will provide valuable insights for
stakeholders in industries highly dependent on natural resources as they navigate the financial

implications of biodiversity risk.

The study is organized as follows: Section 2 reviews the literature on biodiversity risks and
corporate performance, Section 3 describes the methodology, Section 4 presents the findings,

Section 5 will be the conclusion, and Section 6 discusses implications and limitations.



2. Literature review
2.1. Biodiversity risks

Biodiversity is defined as “the variability among living organisms from all sources,
including terrestrial, marine and other aquatic ecosystems and the ecological complexes of which
they are part; this includes diversity within species, between species and of ecosystems”

(Biodiversity in Development Project, 2001). The loss of biodiversity is the “degradation of

biodiversity results in severely depleted stocks of resources in fishery, forestry and other bio-

services with potentially irreversible consequences for the environment” (WEF, 2010). This topic

has been gaining awareness recently (Dempsey, J. 2013; Karolyi & Tobin-de la Puente, 2023;

Portner et al., 2023), as a critical environmental challenge facing global ecosystems and

economies. We are facing biodiversity loss at a rate that is faster than at any other time in human

history, which can cause the extinction of key species (IPBES, 2019), and with the degradation of

land and soil (UNCDD, 2022), it is even more threatening to the resilience of environment,

societies, and the world economy (Blanco-Zaiteqi et al., 2022; Duffy et al., 2017). This issue is

important since not only the nature provide humanity with food and crucial medicines, but supports
the resilience to pests, diseases, and climate changes (Wilson, 1988; Duarte et al., 2009; Liang et
al., 2016; Paul et al., 2020; Porto et al., 2020; Steffan-Dewenter et al., 2007), but also more than

half of world’s GDP is dependent on natural resources and ecosystem services (WEF, 2020). Its

loss can cause huge damage to the economy in every sector, losses to the ecosystem services it
brings, and also prevent the opportunities for growing other species and reducing future economic
output (Dasgupta, 2021; IPBES, 2019; Giglio, 2023; Kapnick, 2022; Carvalho et al., 2023; Johnson

et al. 2021) Therefore, biodiversity loss has been considered as the third of the largest five risks for

global economy (WEF, 2020). This risk can be introduced as a new dimension, separate from

climate change, in corporate risk management (Kapnick, 2022; Carvalho et al., 2023).

Biodiversity risk is defined in the World Economic Forum (2010) as “business risks related
to biodiversity in the broadest sense. This includes risks as a result of direct impacts or
dependencies on biodiversity and ecosystem services, as well as regulatory, financing, reputational

and supply chain risks that arise due to business’s relationships with biodiversity and ecosystems.”



(WEF, 2010). The risks from biodiversity loss can be divided into two channels: physical risks and
transition risks (NGFS-INSPIRE Study Group, 2022; OECD, 2019; IFC, 2024; Kurth et al., 2021).

2.1.1. Physical risks

Physical risks arise from the degradation of natural resources and ecosystem services that

many firms rely on for raw materials, infrastructure, or supply chains (NGFS-INSPIRE Study

Group, 2022). For example, agriculture, fisheries, and forestry industries are vulnerable to being
dependent on ecosystem services like pollination, water purification, and climate regulation

(Carvalho et al., 2023). A specific example is the disappearance of coral reefs, which result in

increased vulnerability to coastal flooding, with potential economic losses of US$4 billion in flood

damage per year (WEF, 2020). Any firm that fails to manage biodiversity effectively may affect

the firm’s competitiveness and profitability of long-term development (\VVelte, 2023).

These risks can affect firm performance in several ways. The Resource-Based View (RBV),
introduced by Barney (1991), emphasizes that firms can achieve a sustained competitive advantage
by managing their valuable, rare, inimitable, and non-substitutable resources. Developing this
theory, Hart (1995) extended to the Natural Resource-Based View (NRBV), which includes
environmental concerns. According to the NRBV, a firm’s strategic resources contain natural
resources, which can be valuable for long-term competitiveness. These natural resources can be
biodiversity and are aligned with three pillars of the NRBV framework - pollution prevention,
product stewardship, and sustainable development.

Firms that prevent pollution, which can relate to biodiversity conservation, can mitigate the
physical risks coming from biodiversity loss. It is important to mention that biodiversity risks can
impact a firm in a two-way relationship, meaning biodiversity can also be impacted by companies

(Adler et al., 2018; Roberts et al., 2020). When considering physical risks, ecosystem degradation

may disrupt resource availability, which leads to supply chain instability and increased operational
costs. And vice versa, if the company degrades the ecosystem by polluting or destroying natural
habitats, they will face those physical risks in the future. Regarding product stewardship,
Biodiversity or natural resources can be more competitive if they are managed substantially

through sustainable sourcing and life-cycle performance. In addition, sustainable development
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relates to long-term business activities with a strong sense of environmental purpose. In this
context, firms can invest in sustainable practices that conserve ecosystems and biodiversity, so they

can ensure their natural resources remain available for future use and growth.

We can link the physical risk and firm performance through the resourced-based view
theory. As we have analyzed, physical risks could cause firms to face resource shortages and supply
chain disruptions, which can lead to an increase in operational costs, a decrease in efficiency, and
lower financial performance. Return on assets (ROA), which reflects how effectively a company
generates profit from its assets, is particularly suitable for measuring firm performance and has
been used widely in resource-based view research, as it captures the relationship between resource
allocation and asset returns. (Barber & Lyon, 1996; Bhagat & Bolton, 2008; Robins and Wiersema,
1995; Riahi-Belkaoui's, 2003; Lin and Wu, 2014; Newbert, 2006).

2.1.2. Transition risks

Transition risks are about the sudden change in policies or the sudden shift in consumers’
preferences or investors’ sentiments that require firms to adapt to be more transparent on
environment disclosures and act to reduce their negative impact on nature and biodiversity. For
now, there are frameworks such as Nature-related Financial Disclosures (TNFD) or Kunming-
Montreal Global Biodiversity Framework (GBF) that push firms to have more transparency in
reporting on biodiversity impacts (TNFD, 2022; Convention on Biological Diversity, 2022). U.S.

initiatives like the America the Beautiful Challenge and policies from agencies such as the U.S.
Fish and Wildlife Service and NOAA stress biodiversity conservation and ecosystem protection

(U.S. Department of State, 2022). The EU also submitted its target and showed its commitment to

GBF, which is supported by the European Green Deal and the Nature Restoration Law. Also, long-
term institutional investors are more interested in environment and biodiversity commitments and
require more information transparency through their representatives on company boards (Boiral &
Heras-Saizarbitoria, 2017; Elmagrhi et al., 2019; Rizwan Ali et al., 2023).




The stakeholder theory provides insight into how transition risk can affect firm
performance. We can leverage Freeman's Stakeholder Theory (1984) that a firm aligning its
corporate actions with stakeholders’ expectations would perform better toward its financial
outcomes. The relevant expansions from this theory identify that stakeholder management
practices can enable conventional corporate objectives such as profitability, growth, and stability
(Clarkson, 1995; Donaldson & Preston, 1995). What is more, the interests and demands of the

stakeholders regarding transparency and environmental concerns could affect directly the

performance of each firm by influencing strategic decisions. (Friedman et al. 2002). Harrison

(2013) supported this when he argued that good management of stakeholder relationships is likely
to enhance the performance of the firm over time since the stakeholders are important in the
creation of sustainable value. As investors, consumers, and regulators increasingly prioritize
environmental sustainability, companies that align with these expectations and enhance disclosures

to meet stakeholder needs tend to experience improved performance (Buniamin, 2019). Rizwan

Ali (2023) notes that the disclosure of biodiversity has become increasingly significant for
institutional investors, as they tend to reward companies that enhance their transparency regarding
biodiversity. Conversely, companies that do not improve their disclosure may face reputational

risks, which could include restricted access to markets.

Building on this foundation, biodiversity reporting can be viewed as a natural extension of
Corporate Social Responsibility (CSR) principles (Bebbington & Larrinaga, 2014; Hassan et al.

2020). Historical research has consistently linked CSR to improved financial performance. Studies
by Torugsa et al. (2012), Rhou et al. (2016), and Theodoulidis et al. (2017) have demonstrated this

positive relationship, including analyses in several sectors. Long at el. (2020) focuses on

environmental and social disclosures, including CSR, which can enhance financial outcomes.

Weber's (2013) study suggests that increased ESG disclosures are associated with better financial

returns and reduced financial volatility. Zhou et al. (2022) find that ESG initiatives can positively

influence market value, particularly through improved operational capacity. The results from
Ellili's study (2022) and Bruna's (2022) also indicated that one could enhance firm performance
and attract investors to improve financial stability for companies that use ESG practices. In the

same way, disclosures on environmental issues, including biodiversity, can favorably influence



financial performance when such disclosures address key stakeholders' demands and expectations

and regulatory pressures (Carvajal et al., 2022).

While there is a well-established link between environmental disclosures, Corporate Social
Responsibility (CSR), and Environmental, Social, and Governance (ESG) practices and improved
financial performance, research focusing on the effects of biodiversity awareness and disclosure

on firm performance remains limited. We could only find one paper by Elsayed (2023), which

shows that biodiversity disclosures can enhance Return on Assets (ROA). Part of the explanation
for this scarcity of studies is due to the relatively new and non-mandatory nature of biodiversity
reporting frameworks, making it challenging for researchers to draw definitive conclusions.
However, understanding how this relationship works is critical, given that the importance of
biodiversity continues to be emphasized by firms, stakeholders, and regulators with respect to risk

management and corporate strategy.
2.2. Aim of the research

Our study attempts to fill this gap by investigating whether firms' awareness of biodiversity
risk exposures, as stated in their 10-K statements, impacts their financial performance. We proxy
their awareness by drawing on data from Giglio et al.'s (2023) biodiversity risk assessment
framework, which analyzes corporate statements for terms related to biodiversity and regulatory
issues with biodiversity. We can now empirically test whether higher levels of awareness of
biodiversity risk exposures are associated with better financial performance.

Secondly, there is a research gap related to the impact of biodiversity risk on firm performance.
Researching biodiversity as a distinct risk factor - separate from broader environmental or climate
risk - remains scarce. Unlike other environmental risks, biodiversity risk is still underexplored and

underpriced in financial markets. Recent studies (e.g., Giglio et al., 2023; Kalhoro & Kyaw, 2024)

indicate that biodiversity risks are not yet adequately reflected in stock valuations, creating
potential volatility as markets adjust to account for these factors. By leveraging the negative
sentiment scores from the Giglio method as a proxy for biodiversity risk, our research seeks to

determine how biodiversity risk influences firm performance. This novel and quantitative approach



provides a critical innovation in understanding the financial implications of biodiversity,

addressing a gap in current environmental finance literature.



3. Methodology
3.1.Research design

This study will use a quantitative approach to test whether biodiversity attention and
biodiversity risk have any relationship to the financial performance of publicly listed U.S.
companies from 2002 to 2023. The financial performance will be captured both in the short-term

change, which is in the annual change of return on assets, and long-term growth, which is the return

on assets in general. Besides, our biodiversity risk metrics are taken from Giglio et al. (2023). We
will also focus on the impact after 2020, as biodiversity concerns have become more pronounced
after the COVID-19 pandemic (Hassan et al., 2021).

3.2. Data collection

We use the data constructed by Giglio et al. (2023) to measure the biodiversity risks for

firms. Their metrics are taken from textual analysis of annual 10-K fillings submitted to the US

Securities and Exchange Commission (SEC).

For financial data like total revenue, leverage, and return on assets, we collected on
Refinitiv and Bloomberg. This data allows us to control for various firm-specific characteristics in

our analysis.
3.3.  Variables
3.3.1.Dependent variable

To capture long-term performance for a firm, we use Return on Assets as the primary
indicator, which assesses a firm's efficiency in generating profit relative to its asset base. ROA can
capture a general impact of strategic resource management decisions, and this metric has been used
by previous research about financial outcomes of environmental and resource allocation strategies
(Barber & Lyon, 1996; Bhagat & Bolton, 2008; Lin & Wu, 2014; Newbert, 2006).

To capture short-term shifts in financial performance, we use the year-over-year change in
ROA, denoted as ROAuisr. It is calculated by using the ROA of this year minus the ROA of the
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previous year. The metric shows how ROA can grow each year. We believe that ROAits reflects
the annual fluctuations in profitability. We would like to find insights into how firms’ financial
outcomes respond immediately to changes in environmental or biodiversity preferences and

regulations.
3.3.2. Independent variables

The 10K Biodiversity Count Score (BiC) is a binary variable derived from Giglio et al.'s
(2023) textual analysis of 10-K statements. It assigns a score of "1" to firms mentioning
biodiversity-related terms in at least two sentences within a given year and "0" otherwise. This

measure captures the level of a firm’s biodiversity awareness based on its disclosures.

The 10K Biodiversity Negative Score (BiN) measures the sentiment of biodiversity-related
mentions in 10-K statements and can be considered physical risks for firms. Giglio et al. (2023)
applied a BERT-based sentiment analysis model to classify sentences as positive, neutral, or
negative. Whether it is neutral or positive, we consider it to be a low risk, as “0”. If it is negative,

we consider it to be higher risk, which is “1”’.

The 10K-Biodiversity-Regulation Score (BiR) identifies firms that mention biodiversity
risks related to regulatory concerns. This score is also derived from Giglio et al.'s analysis and is

assigned to the value of "1" if biodiversity risk sentences include terms like "law," "regulation,"
"ESA," or "restriction," and "0" otherwise. This measure reflects the firm’s biodiversity-related

regulatory risk exposures.
3.3.3. Control variables

We include several control variables commonly used in prior studies examining the
relationship between firm characteristics and financial performance to ensure the robustness of our

analysis and effectively isolate the effects of biodiversity awareness and risk on ROA.

Firm size (Size) is controlled using the natural logarithm of total assets. Larger firms often

differ from smaller firms in operational efficiency and resource access, which can impact financial

10



performance (Hall & Weiss, 1967; Goddard et al., 2005). Controlling for firm size mitigates

potential biases related to scale-based advantages or disadvantages.

Leverage (Lev), defined as the ratio of total debt to total assets, represents a firm’s financial
risk. Higher leverage levels generally increase financial instability, which can affect profitability
and asset utilization. Empirical studies emphasize the importance of including leverage to capture
variations in financial performance (Cooper, Gulen, & Schill, 2008; Bhagat & Bolton, 2008;
Campello, 2006).

The Book-to-Market Ratio (BM) is also included to capture a firm’s book value relative to
market valuation. This ratio is critical to providing insight into growth opportunities, and market
expectations, and for understanding how valuation impacts financial performance. Firms with high
BM ratios are often considered undervalued, while those with low ratios indicate growth potential
(Fama & French, 1992; Jo, Kim, & Park, 2015).

Revenue growth rate (REV(), calculated as the year-over-year change in revenue, accounts
for a firm’s economic performance and expansion capacity. Revenue growth is an indicator of
operational success and market dynamics, directly impacting profitability (Huang et al., 2018;
Nohel & Tarhan, 1998).

Lastly, Tangibility (Tang), or the proportion of tangible assets within total assets, is

included as another control variable. Tangible assets can often serve as collateral, providing

financial stability during economic downturns (Margaritis & Psillaki, 2010; Titman & Wessels,

1988). This variable helps capture the impact of a firm’s asset structure on its financial outcomes.

3.4. Hypotheses

We divide our research questions into two areas. The first is the relationship between
awareness and firm performance. The second is the relationship between biodiversity risks, which
are transition and physical risks, to firm performance. In each area, we compare our long-term
overall ROA and short-term metrics from the change of ROA, as well as comparing the period
before 2020 and after 2020. Thus, our model will also use interaction terms to examine whether
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biodiversity attention and risks magnify their impact on performance after 2020. Therefore, here

are our hypotheses.

H1: Biodiversity awareness positively affects firm performance, both in the short term and

long term.

H>: Biodiversity-related regulatory risk exposure negatively affects firm performance, both

in the short term and long term.

Haz: Physical biodiversity risks from negative scores have adverse impacts on firm

performance, both in the short term and long term.

Ha: The impact of biodiversity awareness and biodiversity risks on firm performance amplifies
after the year 2020.

3.5.Regression models

Our estimation method is fixed-effects regression, controlling for firm-specific, unobserved
heterogeneity that can affect financial performance. More precisely, the fixed effects capture the
time-invariant characteristics at the firm level. We further include year dummies to control for
possible temporal trends and external macroeconomic influences, representing year-specific
shocks common across all firms. This approach allows us to isolate the impact of biodiversity risks
and their interaction with the post-2020 period on the dependent variables of interest, namely,
short-term variations in Return on Assets (ROAuiff) and overall Return on Assets (ROA). We
calculate robust standard errors to ensure the consistency of the results, accounting for potential

heteroskedasticity and serial correlation within firms over time.
The basic model is presented below:
ROA.i+ = fo+ p1 (BIiCit1) + f3 (Controlsit.1) + yt + &i
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The model above will be used to test the relationship between biodiversity awareness and
firm performance in the long term. The dependent variable will be changed to ROAugis if we want
to examine it in the short term. For the biodiversity risk, the independent variable will change to
BiR or BiN.

The model with interaction terms is presented below:
ROAIt = fo+ f1 (BiCit.1) + f2 Post2020; + Sz (BiCxP0ost2020); -1
+ B4 (Controlsit.1) + yt + eit

The key independent variable is the interaction term (BiCxPost2020); 1, which captures the
combined effect of regulatory environment changes and the post-2020 period, allowing the model

to examine how biodiversity risks influence ROA may differ before and after 2020.
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4. Results

Table 1: Correlation matrix

BiC BiR BiN ROA  ROAuis BM REVy Tang Lev Size
BiC 1.00
BiR 0.56 1.00
BiN 038 0.78 1.00
ROA -0.01 -001 000 1.00
ROAs# 001 001 001 028 1.00
BM 009 010 009 -018 -0.12 1.00
REV 001 003 003 0.00 0.40 -0.12  1.00
Tang 021 016 013 0.04 -0.03 012  -0.07 1.00
Lev 001 -001 -0.04 -0.09 -0.00 -0.22  -0.08 0.20 1.00
Size 0.04 002 002 019 0.01 0.00 -010 028 035 100

The correlation matrix reveals key relationships among biodiversity metrics, financial

performance, and firm characteristics. Biodiversity awareness (BiC) is positively associated with
biodiversity transition risk (BiR) (0.56) and sentiment (BiN) (0.38), indicating that firms attentive

to biodiversity issues also disclose more about related risks. Biodiversity measures show a minimal

correlation with ROA, suggesting a limited direct impact on profitability. However, the relationship

between them is complex, since the BiC, BiR, and BiN are all binary data.

The summary statistics table shows that the data set consists of 11,839 firm-year

observations, covering 1,699 unique firms. Key performance indicators include ROA (mean = 6.34,
SD =9.81) and ROAui#t (mean = 0.07, SD = 4.98), reflecting variations in firm profitability and
year-over-year ROA changes.
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Table 2: Summary statistics

Mean SD Min Max
Firm - - 1 1699
BiC .0320973 176266 0 1
BiN 0172312 1301372 0 1
BiR .0227215 .1490205 0 1
ROAuitt 0716621 4981282 -20.53 20.04
ROA 6.343552 9.80841 -42.96 28.54
BM 4154776 .3752268 -.1469923 2.192592
REV, 1141735 .2373898 -.4810048 1.258503
Tang .3968039 2122101 0451721 .929616
Lev 5651973 .2319019 .0899131 1.281279
Size 22.01206 1.636614 18.47217 26.09643

N = 11839

Biodiversity-related indicators are binary variables with low means, indicating that
biodiversity awareness and risk mentions are relatively rare among firms. Specifically, BiC (mean
=0.03), BiN (mean = 0.017), and BiR (mean = 0.023) highlight limited biodiversity disclosures in
the database, with regulation signaling mentions of regulatory pressures.

Table 3 above shows the test results for regression models, explaining the relationship
between ROA and BiC. Both coefficients of the model (1) and (3) are negative at -0.616 and -
0.053, but statistically insignificant, indicating that biodiversity awareness captured by biodiversity
mentions in the previous year does not have a direct impact on change of ROA of overall ROA of
a firm. Therefore, we can reject Hy, as there is no statistically significant evidence to support that

biodiversity awareness directly improves firm performance.
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Table 3: Regression model results exploring relationship between biodiversity attentions

and firm performance

ey ()] 3 “4)
ROAGisr ROAGisr ROA ROA
L.BiC -0.616 -0.053
(0.366) (0.654)
L.BiC x P2020 1.923%* 2.390
(0.726) (1.380)
L.BM -0.633" -0.677° -7.119™ -7.174™
(0.298) (0.298) (0.601) (0.599)
L.REV, -0.832 -0.841 3.972™ 3.960™"
(0.484) (0.484) (0.566) (0.566)
L.Tang -0.094 -0.095 -1.241 -1.243
(1.034) (1.032) (1.326) (1.324)
L.Lev 5.084™ 5.075™ -4.813™ -4.824™
(0.915) (0.915) (1.628) (1.628)
L.Size -1.337°" -1.316™ 0.001 0.027
(0.200) (0.199) (0.414) (0.412)
Year (2003 — 2023)
Constant 26.152™ 25.7417 11.196 10.685
(4.083) (4.058) (8.528) (8.496)
Observations 9731 9731 9731 9731
R? 0.085 0.086 0.131 0.132
Adjusted R? 0.083 0.084 0.128 0.129
F 17.093 16.640 17.146 16.762

Standard errors in parentheses: * p < 0.05, ™ p < 0.01, ™ p < 0.001

It is worth noticing that the interaction between biodiversity awareness and the period after
2020 is positive and statistically significant at 1% for model (2). The coefficient of 1.923 indicates
that firms that were more attentive to biodiversity issues saw an additional positive impact of nearly
2% on ROAuifs in the post-2020 period. This may signal that their disclosures have been aligning

more with investors and regulation expectations. While the lack of significance in the model (4)
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for ROA suggests this effect may be more pronounced in performance changes rather than absolute

levels.

The result may suggest that stakeholder support, including that from investors, customers,
and regulators, may have strengthened for firms addressing biodiversity concerns. Firms
proactively discussing biodiversity are likely perceived as more environmentally responsible,
enhancing their reputational capital, which can attract environmentally conscious investors and

consumers.

Table 4 presents the relationship between biodiversity-related regulatory risk exposure
(BiR) and firm performance in both short- and long-term contexts. Models (5) and (7) indicate a
negative coefficient for the lagged BiR variable, suggesting that increased exposure to biodiversity
regulatory risk is associated with reduced short-term profitability. Specifically, Model (5) shows a
statistically significant reduction in ROAgi# by 1.306% at a 5% confidence level, indicating that
biodiversity regulatory risk exposure negatively affects the year-over-year change in Return on
Assets (ROA) in the short term. This result implies that as firms face heightened regulatory scrutiny
regarding biodiversity, they may incur compliance or operational costs that temporarily weigh on
performance. These costs might stem from necessary investments in environmental safeguards or

sustainable practices that meet regulatory standards, creating immediate financial pressures.

However, Model (7), examining the long-term ROA, does not find a statistically significant
effect of biodiversity-related regulatory risk exposure, suggesting that the impact may not persist

over an extended horizon. This aligns with findings from studies like those by Albanese et al.

(2024) and Gourdel et al. (2024), which suggest that transition risks, which is the regulatory risk

in this context, often manifest in short-term financial outcomes, while physical risks tend to exert
a gradual but significant impact over the long term due to cumulative effects from ongoing

ecological pressures.

Table 4: Regression results examining the relationship between biodiversity regulation risks
(transition risks) and firm performance

®) (6) (") (8)
ROAuitr ROA.ift ROA ROA
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L.BiR -1.306" -0.955
(0.591) (1.05)
L.BiR X post2020 2.785** 4.102*
(0.978) (1.72)
L.BM -0.621" -0.688" -7.108™ -7.207™
(0.298) (0.298) (0.602) (0.599)
L.REVq -0.828 -0.834 3.974™ 3.965™"
(0.485) (0.484) (0.566) (0.566)
L.Tang -0.108 -0.111 -1.25 -1.255
(1.033) (1.031) (1.326) (1.322)
L.Lev 5.062"" 5.045™" -4.846™ -4.870™
(0.915) (0.915) (1.626) (1.625)
L.Size -1.342™ -1.322™ -0.004 0.026
(0.200) (0.198) (0.413) (0.411)
Year (2003 — 2023)
Constant 26.284™" 25.900™ 11.34 10.773
(4.087) (4.049) (8.512) (8.471)
Observations 9731 9731 9731 9731
R? 0.086 0.087 0.131 0.133
Adjusted R? 0.083 0.084 0.129 0.131
F 17.101 16.571 17.105 16.742

Standard errors in parentheses “ p < 0.05, ™ p < 0.01, ™ p < 0.001

In Models (6) and (8), the interaction term between biodiversity regulatory risk exposure
and the post-2020 period is positive and statistically significant, with coefficients of 2.785 and
4.102, respectively. This change indicates a shift in the impact of regulatory risks after 2020,
suggesting that the initially negative short-term effects of biodiversity regulation on ROAiss have
lessened or even reversed post-2020. This may reflect that as biodiversity regulations intensified
post-2020, firms adjusted to these compliance expectations, potentially transforming regulatory
compliance costs into strategic advantages. Adaptive responses, such as improved biodiversity risk

management and operational efficiencies, could allow firms to not only meet but leverage
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regulatory standards, enhancing their market position and financial performance.

Table 5 describes the relationship between Physical Biodiversity Risk and Firm
Performance. The coefficient for lagged physical biodiversity risk is negative in both model (9)
and model (11), indicating a potential adverse effect of physical risks on firm performance.
However, these coefficients are not statistically significant, suggesting that physical biodiversity
risks do not have a strong or consistent impact on firm performance. Thus, we can reject H3:
Physical biodiversity risks from negative scores have adverse impacts on firm performance, both
in the short term and long term. While there may be a slight tendency for physical risks to

negatively impact performance, the effect is not robust or statistically significant.

This may be because short-term financial metrics often fail to capture the effects of long-
term ecological risks, and companies have effective mitigation strategies and investors perceive

physical risks as less immediate threats to financial performance over extended periods.

Table 5: Regression results examining the relationship between Biodiversity physical risk

and firm performance

L)) (10) (€8] (12)
ROAain ROAitr ROA ROA
L.BiN -0.161 -0.016
0.713) 0.914)
BiN x post2020 3.020%* 4.335%%x
(0.969) (1.080)
L.BM -0.635° -0.694" 7.119" -7.204"
(0.297) (0.298) (0.600) (0.596)
L.REV, -0.832 -0.823 3.972" 3.984"*
(0.485) (0.484) (0.566) (0.566)
L.Tang -0.094 -0.093 -1.241 ~1.240
(1.034) (1.034) (1.327) (1.326)
L.Lev 5.105™ 51117 4811 -4.803"
(0.916) (0.916) (1.630) (1.630)
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L.Size -1.335™ -1.325™ 0.002 0.016

(0.200) (0.199) (0.414) (0.413)
Year (2003 — 2023)
Constant 26.084™ 25.893" 11.190 10.917

(4.081) (4.060) (8.534) (8.520)
Observations 9731 9731 9731 9731
R? 0.085 0.087 0.131 0.133
Adjusted R? 0.083 0.084 0.128 0.130
F 17.025 16.451 17.260 17.100

Standard errors in parentheses *“ p < 0.05, ™ p < 0.01, ™ p < 0.001

Regarding the model (10) and model (12), the interaction term between physical
biodiversity risk and the post-2020 period is positive and statistically significant with coefficients
of 3.029 (significant at the 1% level) for ROAuitf and 4.335 (significant at the 0.1% level) for ROA.
The positive impact of physical biodiversity risks on ROA after 2020, while seemingly
contradictory to the conventional expectation of negative impacts from ecological risks, may reflect
a shift in investor sentiment favoring firms with strong biodiversity risk management. This aligns
with recent findings on "green™" asset performance, where environmentally responsible firms
experienced increased demand and perceived resilience due to heightened climate concerns, even

if such investments don't yield traditionally high returns (Pastor, Stambaugh, & Taylor, 2022).

Consequently, stakeholders may now view firms addressing biodiversity risks proactively as more
sustainable and better positioned for long-term growth, thereby improving their perceived financial

performance despite the associated risks.

Concerning the hypothesis 4" of our study, which is: “The impact of biodiversity awareness
and biodiversity risks on firm performance amplifies after the year 20207, the results have been
mixed. Even so, most of the interaction term models show that the period after 2020 has seen a
stronger positive response from stakeholders, reinforcing the view that firms addressing

biodiversity proactively are increasingly favored in the market.
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5. Conclusion

This study demonstrates that biodiversity awareness and biodiversity risks significantly
influence firm performance, both in the short and long term, especially in the context of growing
environmental awareness post-2020. Our results reveal that biodiversity awareness positively
impacts firm performance, with this effect being more pronounced in the post-2020 period as firms
align more closely with heightened stakeholder and regulatory expectations. Transition risks,
particularly regulatory pressures, challenge firms' short-term profitability due to compliance costs;
however, the post-2020 period highlights a potential strategic adaptation, where regulatory
alignment begins to yield competitive advantages. Additionally, while physical biodiversity risks
initially had a limited effect on performance, their significance has increased post-2020, indicating
a shift in market valuation of proactive environmental management. Collectively, these findings
underscore biodiversity risk management as a growing determinant of firm performance, with
implications for both market participants and policymakers aiming to drive sustainable corporate

behavior.
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6. Discussion and limitations

The findings show that biodiversity-related risks and awareness are having a growing
impact on firm performance, especially after 2020. This change seems to follow the rise of new
regulations, like the Taskforce on Nature-related Financial Disclosures (TNFD), and stronger
expectations from stakeholders. In this evolving landscape, firms that disclose biodiversity risks
and comply with biodiversity-related regulations may experience reputational benefits, attracting
stakeholders focused on environmental responsibility.

One potential explanation for the improved firm performance observed among biodiversity-
conscious firms is the strategic adaptation to regulatory demands. Companies may be leveraging
biodiversity risk management practices to meet compliance in ways that enhance operational
efficiency and foster stronger stakeholder relations. However, the extent to which these strategic
adaptations directly drive financial performance remains uncertain. Future research could explore
this relationship, investigating whether firms that strategically manage biodiversity risks indeed
reap greater financial rewards or whether other factors, such as investor sentiment and consumer

preferences, play a more significant role.

Additionally, the results support the idea that biodiversity-related disclosures are becoming
important for a firm’s reputation, with potential long-term effects on investor behavior and
profitability. As pressures from regulations and stakeholders continue to grow, firms that actively
manage these risks might gain a competitive advantage. Further studies are needed to confirm
whether these risk management practices are being leveraged effectively as strategic assets within

broader corporate sustainability frameworks.

Several limitations should be considered in interpreting these findings. First, this study
relies on a longitudinal dataset from 2002 to 2023, using textual analysis to derive biodiversity
metrics from firm disclosures. Although comprehensive, this approach may not capture the full
spectrum of biodiversity strategies or firm-specific responses to evolving environmental risks.
Additionally, measuring biodiversity risk with binary variables may overlook finer distinctions in

biodiversity practices, limiting insights into nuanced, industry-specific responses.

22



Finally, since the study focuses on U.S. publicly listed firms, the findings may not apply to
other regions where biodiversity regulations and stakeholder expectations differ. Future studies
could address these limitations by analyzing more detailed industry-specific data or by applying
this approach internationally, providing a broader view of biodiversity’s role in corporate finance

and sustainability.
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Annex
Table 1A: Regression model results exploring relationship between biodiversity attentions
and firm performance including year effects

@ (2 3 )
ROA gifr ROA gifr ROA ROA
L.BiC -0.616 -0.053
(0.366) (0.654)
L.BiC x Post2020 1.923%** 2.390
(0.726) (1.380)
L.BM -0.633" -0.677" -7.119" -7.174"
(0.298) (0.298) (0.601) (0.599)
L.REV, -0.832 -0.841 3.972" 3.960"*"
(0.484) (0.484) (0.566) (0.566)
L.Tang -0.094 -0.095 -1.241 -1.243
(1.034) (1.032) (1.326) (1.324)
L.Lev 5.084"* 5.075™ -4.813* -4.824*
(0.915) (0.915) (1.628) (1.628)
L.Size -1.337" -1.316™ 0.001 0.027
(0.200) (0.199) (0.414) (0.412)
2003 0.000 0.000 0.000 0.000
() ) ) )
2004 2.604"* 2.602"* -1.856 -1.859
(0.574) (0.576) (1.430) (1.430)
2005 1.213" 1.218™ 0.422 0.428
(0.309) 0311) (0.478) (0.474)
2006 0.416 0.421 0.499 0.506
(0.289) (0.291) (0.468) (0.464)
2007 0.074 0.077 0.256 0.260
0.271) (0.273) (0.477) (0.473)
2008 -0.370 -0.369 -0.374 -0.373
(0.292) (0.294) (0.508) (0.505)
2009 -0.658" -0.648 0.568 0.581
(0.331) (0.333) (0.477) (0.473)
2010 2.644" 2.6427" 2.071" 2.069""
(0.317) (0.319) (0.475) (0.471)
2011 1.436™" 1.435™ 1.188" 1.187"
(0.268) (0.270) (0.478) (0.474)
2012 0.625" 0.624" 1.503" 1.502*
(0.257) (0.259) (0.463) (0.459)
2013 0.657" 0.656" 1.494™ 1.494*
(0.260) (0.262) (0.500) (0.496)
2014 0.977" 0.970"" 0.633 0.623
(0.287) (0.289) (0.525) (0.521)
2015 0.598" 0.587" 0.403 0.390
(0.275) (0.277) (0.516) (0.512)
2016 0.266 0.260 0.756 0.748
(0.276) (0.278) (0.527) (0.522)
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2017 1.361" 1.354™ 0.972 0.964
(0.283) (0.284) (0.515) (0.511)
2018 2.173" 2.165™" 1.694™ 1.684™
(0.291) (0.293) (0.549) (0.544)
2019 0.229 0.225 1.807" 1.802*
(0.288) (0.290) (0.552) (0.548)
2020 -0.625 -1.402" 0.393 -1.126
(0.348) (0.530) (0.593) (0.605)
2021 3.560" 2.779" 3.135" 1.612*
(0.347) (0.533) (0.644) (0.573)
2022 1.597" 0.809 2.058™ 0.526
(0.361) (0.524) (0.662) (0.529)
2023 0.787 0.000 1.531 0.000
(0.576) () (0.857) )
Constant 26.152™* 25.741™" 11.196 10.685
(4.083) (4.058) (8.528) (8.496)
Observations 9731 9731 9731 9731
R? 0.085 0.086 0.131 0.132
Adjusted R? 0.083 0.084 0.128 0.129
F 17.093 16.640 17.146 16.762

Standard errors in parentheses “ p < 0.05, ™ p < 0.01, ™ p < 0.001

Table 2A: Regression model results exploring the relationship between regulation

(transition) risk and firm performance including year effects

(1 (2) (3) 4)
ROA ifr ROA ifr ROA ROA
LBiR -1.306" -0.955
(0.591) (1.050)
L.BiR X post2020 2.7785%* 4.102*
(0.978) (1.720)
L.BM -0.621" -0.688" -7.108™* -7.207
(0.298) (0.298) (0.602) (0.599)
L.REV, -0.828 -0.834 3.974" 3.965™"
(0.485) (0.484) (0.566) (0.566)
L.Tang -0.108 -0.111 -1.250 -1.255
(1.033) (1.031) (1.326) (1.322)
L.Lev 5.062™ 5.045™" -4.846™ -4.870™
(0.915) (0.915) (1.626) (1.625)
L.Size -1.342"" -1.322" -0.004 0.026
(0.200) (0.198) (0.413) 0.411)
2004 2.603™" 2.599"* -1.858 -1.864
(0.573) (0.575) (1.429) (1.429)
2005 1.203™" 1.203™" 0.414 0414
(0.309) 0312) (0.478) (0.471)
2006 0.410 0411 0.494 0.496
(0.289) (0.293) (0.468) (0.462)
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2007 0.068 0.067 0.254 0.252

(0.270) (0.274) (0.477) (0.471)
2008 -0.369 -0.367 -0.374 -0.371
(0.292) (0.295) (0.508) (0.502)
2009 -0.656" -0.641 0.570 0.592
(0.331) (0.335) (0.477) (0.470)
2010 2.646™" 2.647" 2.068"" 2.070""
(0.317) (0.320) (0.475) (0.468)
2011 1.444™ 1.445™ 1.195° 1.196"
(0.267) (0.270) (0.476) (0.469)
2012 0.625" 0.625" 1.503* 1.502*
(0.257) (0.260) (0.463) (0.456)
2013 0.663" 0.665" 1.503* 1.505™
(0.260) (0.264) (0.500) (0.493)
2014 0.983*" 0.975" 0.638 0.626
(0.287) (0.290) (0.525) (0.518)
2015 0.603" 0.594" 0.408 0.394
(0.274) (0.277) (0.516) (0.509)
2016 0.270 0.267 0.760 0.754
(0.276) (0.278) (0.526) (0.519)
2017 1.368™" 1.364™ 0.980 0.974
(0.283) (0.285) (0.514) (0.506)
2018 2.186™ 2.184™ 1.707* 1.703*
(0.292) (0.294) (0.548) (0.540)
2019 0.237 0.241 1.816™ 1.822"
(0.288) (0.291) (0.552) (0.545)
2020 -0.612 -1.422" 0.405 -1.173
(0.348) (0.530) (0.592) (0.604)
2021 3.571™ 2.761" 3.147 1.568™
(0.347) (0.533) (0.643) (0.573)
2022 1.603* 0.792 2.068" 0.489
(0.361) (0.524) (0.662) (0.529)
2023 0.783 0.000 1.539 0.000
(0.577) () (0.857) ()
Constant 26.284"" 25.900"" 11.340 10.773
(4.087) (4.049) (8.512) (8.471)
Observations 9731 9731 9731 9731
R? 0.086 0.087 0.131 0.133
Adjusted R? 0.083 0.084 0.129 0.131
F 17.101 16.571 17.105 16.742

Standard errors in parentheses * p < 0.05, ™ p < 0.01, ™ p < 0.001

Table 5: Regression results examining the relationship between Biodiversity physical risk

and firm performance

0 @) 3) @
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ROAdiff ROAdiff ROA ROA
L.BiN -0.161 -0.016
(0.713) (0.914)
BiN x post2020 3.029%** 4.335%**
(0.969) (1.080)
L.BM -0.635" -0.694" -7.119" -7.204"
(0.297) (0.298) (0.600) (0.596)
L.REV, -0.832 -0.823 3.972™ 3.984™"
(0.485) (0.484) (0.566) (0.566)
L.Tang -0.094 -0.093 -1.241 -1.240
(1.034) (1.034) (1.327) (1.326)
L.Lev 5.105™ 51117 48117 -4.803"
(0.916) (0.916) (1.630) (1.630)
L.Size -1.335™ -1.325™ 0.002 0.016
(0.200) (0.199) (0.414) (0.413)
2003 0.000 0.000 0.000 0.000
O O () )
2004 2.604 2.602 -1.856 -1.860
(0.574) (0.575) (1.430) (1.429)
2005 1.213™ 1.210™ 0.422 0.418
(0.309) (0.312) (0.478) (0.473)
2006 0.415 0.416 0.499 0.500
(0.289) (0.292) (0.468) (0.463)
2007 0.071 0.071 0.256 0.256
(0.270) (0.273) (0.477) (0.471)
2008 -0.371 -0.371 -0.374 -0.374
(0.292) (0.295) (0.508) (0.503)
2009 -0.659" -0.648 0.568 0.585
(0.331) (0.334) (0.477) (0.471)
2010 2.650™" 2.653"" 2.072" 2.076™"
(0.317) (0.320) (0.475) (0.469)
2011 1.435™ 1.434™ 1.188" 1.186"
(0.268) (0.271) (0.478) (0.472)
2012 0.624" 0.625" 1.503" 1.503"
(0.256) (0.260) (0.463) (0.457)
2013 0.653" 0.660" 1.494 1.505"
(0.260) (0.264) (0.500) (0.494)
2014 0.976™" 0.980™" 0.632 0.638
(0.287) (0.289) (0.525) (0.519)
2015 0.597" 0.598" 0.403 0.404
(0.275) (0.278) (0.516) (0.510)
2016 0.266 0.274 0.756 0.768
(0.276) (0.279) (0.526) (0.521)
2017 1.360™" 1.369™" 0.972 0.985
(0.283) (0.285) (0.515) (0.509)
2018 2.170" 2.176™* 1.694™ 1.703"
(0.292) (0.294) (0.549) (0.543)
2019 0.225 0.241 1.806™ 1.829™"
(0.288) (0.290) (0.552) (0.548)
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2020 -0.628 -1.439™ 0.393 -1.194"
(0.348) (0.530) (0.593) (0.603)
2021 3.555™" 2.746"" 3.135™ 1.549™
(0.347) (0.532) (0.645) (0.571)
2022 1.589 0.779 2.057" 0.473
(0.360) (0.523) (0.663) (0.527)
2023 0.771 0.000 1.529 0.000
(0.576) () (0.858) ()
Constant 26.084™* 25.893™ 11.190 10917
(4.081) (4.060) (8.534) (8.520)
Observations 9731 9731 9731 9731
R? 0.085 0.087 0.131 0.133
Adjusted R? 0.083 0.084 0.128 0.130
F 17.025 16.451 17.260 17.100

Standard errors in parentheses * p < 0.05, ™ p < 0.01, ™ p < 0.001
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