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Abstract

This study examines whether biodiversity loss by chemical contamination is priced in
the US equity market. I find that emissions from industrial facilities increase chemical
concentrations of persistent toxic chemicals and decrease long-term vertebrate popula-
tion growth in a two to three mile radius of a plant. I identify an undervaluation of this
biodiversity loss, as firms emitting pollutants near biodiverse areas experience a monthly
underpricing of 41 basis points compared to peers operating in less biodiverse regions.
To understand this pattern, I find that firms polluting near biodiversity havens tend to
underreport their biodiversity footprint. I also determine that when attention to biodi-
versity is high, the market equally reacts to firms with differing footprints—suggesting
difficulties in distinguishing the firms that have a greater impact on the environment.
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1 Introduction

Biodiversity is a critical component of the world’s Gross Domestic Product but is rapidly de-
grading across the globe (United Nations 2022). One of the five primary drivers contributing
to this loss are air, water, and soil pollution (Watson et al., 2019). As an example, over 80 per
cent of global wastewater is being discharged back into the environment without treatment,
while 300–400 million tons of heavy metals, solvents, toxic sludge and other wastes from
industrial facilities are dumped into the world’s waters each year. This chemical contamina-
tion has been directly tied to species loss through immediate and chronic long-term effects
on sensitive fish, invertebrates, and algae (Malaj et al., 2014). As a result of these negative
externalities of the post-industrial age, it is critical to understand whether and how financial
markets are incorporating this ecosystem degradation.

In this preliminary paper, I investigate whether the equity market reflects the increased
risk associated with firms releasing toxic chemicals in proximity to biodiverse areas in the US.
To do so, I perform an empirical investigation in four parts. First, to show that toxic emissions
are indeed related to biodiversity loss, I provide evidence that there are heightened levels
of toxic chemicals measurable in water sources within a 3 mile radius of facilities that emit
waste. Second, I find that vertebrate population growth is reduced if populations are exposed
to industrial toxic emissions within a two- to three-mile radius. Third, I show that firms
emitting toxic waste near geographically designated protected areas do not earn a premium
in comparison to those firms emitting in unprotected areas—suggesting an underpricing of
biodiversity loss. Fourth, I identify mechanisms that affect pricing of a biodiversity footprint.

To measure toxic chemical releases, I use pollution data from the Toxic Release Inven-
tory (TRI) program, a comprehensive database of mandatory pollution reports maintained
by the United States Environmental Protection Agency (EPA). Using their data, I create
a time-series of emissions released in the proximity of all facilities from the years 1987 to
2022. Each chemical release is evaluated for its toxicity by weighting the chemical release in
pounds by the toxicity weights provided by the EPA’s Risk-Screening Environmental Indi-
cators (RSEI) model. The final dataset comprises of the weighted total toxic waste released
by a facility, categorized by whether the emissions were released on-site or elsewhere, and
attributable to the ultimate owner for 1612 firms.

I begin by analyzing the relationship between cumulative toxic emissions and measure-
ments of persistent “forever chemicals” such as Polyfluorinated Substances (PFAS) in water
sources. Somewhat similar to Currie et al. (2015), I attempt to detect the range that chemi-
cals can be transported from a facility to ground water, springs, and lakes nearby.1 I use data

1Currie et al. (2015), for example, find that airborne emissions can be detected in a one mile radius from
a facility.
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from the Water Quality Portal (WQP) which contains measurements of persistent organic
pollutants from 1987 to 2022 from across the United States. To identify the land transport
of chemicals, I use an empirical strategy that compares the levels of pollutants found at mon-
itoring stations to the cumulative emissions released by nearby facilities and those slightly
farther away. I observe that a 1% rise in cumulative emissions within a three-mile radius of
a monitoring station leads to a 5.52% increase in the concentration of “forever chemicals,”
measured in nanograms per liter in a year, compared to emissions released four miles away.
This result reveals a degradation of the environment directly attributable to toxic emissions.

Next, to identify the relationship between trends in vertebrate population and toxic
emissions, I use the Living Planet Database (LPD), and indicator used by the United Nations
Convention on Biological Diversity (Almond et al., 2020). The database assesses the overall
health and abundance of the monitored world’s vertebrate species an is commonly used to
track changes in global wildlife populations over time (Leung et al., 2020). The data consist of
collating time-series data from 1950 to 2020 of tracked species from surveys, journal studies,
online databases, and government reports. Using the geographic coordinates provided in the
LPD, I match the industrial facilities and their local toxic releases within various proximities
to analyze the relationship between long-term trends of vertebrate population growth and
cumulative emissions. Generally, I find results that echo the prior conclusions, a 1% increase
in cumulative toxic emissions in a two-mile to three-mile radius reduce population growth by
between 5.1% and 8.9% over ten years. Emissions released father away have a muted effect
on these monitored species.

The prior analysis is used to provide confirmatory evidence that localized emissions
are indeed associated with increasing toxicity nearby and declining population trends. Next,
I try to identify more generally whether the equity market prices these toxic emissions in
ecologically protected areas or “biodiversity havens”. I obtain spatial data to measure regions
considered as biodiversity hotspots from the World Database on Protected Areas database.
The database spatially designates protected areas (PAs), which are known to be crucial
to conserve biodiversity, providing a refuge for threatened species and maintaining vital
ecological processes Elsen et al. (2018). Using the spatial boundary data, I assess which
facilities and firms are producing toxic emissions in a three-mile radius to the PA and firms
that produce waste further away.

To estimate whether there are greater expected returns for firms with greater emissions
near protected areas, I first sort firms based on their emission intensity—total emissions
divided by total assets—relative to industry peers. To abstract away from the methodology
and conclusions found in Hsu et al. (2015), I then sort firms based on the percent of their
total emissions being released near protected areas. This 3 by 3 sorting procedure produces
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value-weighted returns each month from October 2000 to December 2019. This double-sorting
methodology allows for the creation of a zero-cost portfolio which goes long on firms emitting
near PAs and short on firms that have emissions in more distant areas while controlling for
industry and emission intensity.

For my empirical tests, I focus on the higher emissions intensity firms as these firms
likely have a large percentage of their toxic emissions in the US and because Hsu et al. (2015)
finds a pollution premium for these firms. I find a positive and significant abnormal return of
51 basis points per month for the short leg of the portfolio after controlling for common equity
risk factors indicating that the equity market is placing a risk premium for firms emitting
outside of protected areas. Comparatively, I find no premium for a portfolio of firms with
greater emissions within a three-mile radius of a protected region, i.e., the long-leg of the
long short portfolio. The long-short portfolio produces a risk premium of 41 basis points per
month. Collectively, the results suggest that the market underprices the biodiversity loss as a
consequence of toxic emissions; however, there are interesting policy considerations that can
be drawn. All else held equal, a risk premium of 41 basis points can act as an upper bound
for pricing biodiversity loss as a result of emissions. This pricing threshold requires equating
the externality of polluting in ecologically sparse areas to polluting in biodiverse areas.

Lastly, I attempt to identify the mechanisms as to why this biodiversity loss has not
been priced. I use the biodiversity risk scores, developed by Giglio et al. (2021), that measure
the intensity to which firms self-report their biodiversity risk. Generally, I find that increased
toxic emissions by firms near biodiverse areas are significantly negatively related with their
self-reporting measures. This suggests that self-reporting risks may be considered “cheap
talk” (Bingler et al. (2022);Gostlow (2020)) and that firms with greater toxic footprints are
less likely report potential biodiversity loss as a result of their own emissions. Finally, I find
that the returns of the long-leg of the long-short portfolio (the firms with greater emissions
in protected areas) are also negatively associated with news from the New York Times,
suggesting a repricing of risk with attention Giglio et al. (2023).

I primarily contribute to the literature examining the relationship between asset prices
and the operational impacts of firms on the broader environment. A related article by Hsu
et al. (2023) uncover a premium for firms that generate high toxic emission intensity in
comparison to those with lower intensity. This paper uses similar techniques; however, the
primary difference is in using the variation amongst high toxic emission intensity firms and
identifying those that emit near PAs. Another paper by Garel et al. (2023) use a more
general measure provided by an external source to assess firm impact on biodiversity loss.
While their results demonstrate that corporate biodiversity footprint is not priced in the
cross-section of stock returns, they illustrate a relationship between attention and firms with
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greater footprints.
This study more broadly contributes to the nascent literature studying the nexus of

biodiversity and finance as delineated by Karolyi and Tobin-de la Puente (2023). Flammer
et al. (2023) investigate the financing of biodiversity conservation using private capital and
blended financing structures. Giglio et al. (2023) use self-reported disclosures of biodiversity
risks to measure the footprint of firms. Furthermore, they conclude that equity prices reflect
the risk after sorting on their measure. Hoepner et al. (2023) examine infrastructure firms,
demonstrating that those with more effective biodiversity risk management experience better
financing conditions than peers.

2 Data

2.1 Toxic Release Inventory

Figure 1: Toxic Release Inventory Facility Locations

Figure 1 presents the locations of facilities in North America as reported by the EPA.

I use the publicly available Toxic Release Inventory (TRI) database, managed by the
US Environmental Protection Agency (EPA), to identify industrial facilities emitting toxic
pollutants. The TRI database was established in 1986 through the Emergency Planning,
Community Right to Know Act (EPCRA), which was prompted by the Bhopal disaster
and subsequent incidents of chemical spills at American Union Carbide plants. Under the
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mandate, manufacturing plants (classi�ed under Standard Industrial Classi�cations 2000

to 3999) with over 10 full-time employees and exceeding speci�ed thresholds for the use

or production of toxic substances are obligated to report their releases to the EPA. The

TRI dataset speci�cally incorporates various parameters such as the report year, quantity

of chemical pollutants in pounds, chemical category identi�ers, geographical location, and

respective corporate identi�cations. A spatial map of the facilities located in the contiguous

United States is presented in Figure 1.

Figure 2: Total Emissions: Toxicity Weighted (Left) Unweighted (Right)

Figure 2 presents a time-series of the total log emissions released by all TRI facilities in the US and

whether the emissions are within three miles of a protected area (solid line). The dashed line is the

summation of all emissions that are more than three miles away from a protected region. The left graph

weights the chemical release by its toxicity according to the the EPA's Risk-Screening Environmental

Indicators (RSEI) model. The graph on the right presents the unweighted totals.

I also gather data by EPA that screens the chemicals reported to the TRI to quantify

the potential human health hazards associated with the release of the chemicals. The EPA

uses a model, the Risk-Screening Environmental Indicators (RSEI) to quantify the inhalation

or oral toxicity of the chemicals released. I use the variable titled, MaxTW, which selects the

greater of the two possible toxicity weights (oral or inhalation) and weight the chemicals re-

leased by each facility by this score. The total log emissions, both weighted and unweighted,

by all TRI facilities is presented in Figure 2. The sharp rise of emissions in 1998 through

2000 is marked by inclusion of persistent bioaccumalitve toxins and seven industry sectors:
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metal and coal mining facilities, electric power generators, commercial hazardous waste treat-

ment operations, solvent recovery facilities, petroleum bulk terminals and wholesale chemical

distributors.

2.2 Water Quality Portal

I obtain a historical time series water quality information of concentrations of persistant,

bioaccumalitive chemicals such as per�uorooctanoic acid (PFOA) and per�uorooctanesul-

fonic acid (PFOS) from the Water Quality Portal. The WQP is a public platform where di-

verse groups such as federal, state, tribal and local governments, academia, non-governmental

organizations, and private individuals submit project information and sampling results. As

of the beginning of 2022, the WQP has accumulated results and corresponding metadata

from over 70,000 PFAS samples derived from mostly groundwater and surface water.

Due to the variety of information the WQP collects, the reporting standards for the

chemicals are not fully standardized. I therefore keep all observations that are either mea-

sured in nanograms per liter and transform measurements in micrograms to nanograms. If

concentration of the chemical is below the detection threshold, I set the measurement value

to zero. I then aggregate the observations to a yearly frequency by taking the sum of all

measurements.

2.3 Vertebrate Population

I gather on vertebrate population trends from the Living Planet Database, managed by

the WWF and the Zoological Society of London (ZSL). It collection of data that collates

data regarding the populations of thousands of species of mammals, birds, �sh, reptiles, and

amphibians across the globe. Speci�cally, it gathers information from scienti�c studies and

government monitored species populations to provide estimates of vertebrate populations in

di�erent regions. The database is used by various conservation organizations, including the

United Nations, as a key indicator for biodiversity. The United Nations uses this data to

measure progress towards its Sustainable Development Goals.

2.4 Protected Areas

As a proxy for biodiverse regions, I use the World Database on Protected Areas (WDPA).

The database has been put forth by the UN Environment Programme and the International

Union for Conservation of Nature (IUCN) to denote information on global marine and land

protected regions across the world. It contains spatial information on the geographical area
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