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Abstract

This study underscores the critical role of policy enforcement stringency in bio-
diversity conservation. Leveraging birdwatching records and the staggered institu-
tional reforms that enhanced the independence of China’s Environmental Protec-
tion Bureaus (EPBs) between 2003 and 2019, we find that greater EPB autonomy
increased bird species richness by 25–36% and bird abundance by 24–35%. The
reforms substantially increased the frequency of environmental penalties, which
imposed both direct fines and indirect reputational and financial costs on firms.
In response, firms reduced emissions and increased green innovation. Strength-
ened enforcement had disproportionately large effects on privately owned enter-
prises (POEs), while state-owned enterprises (SOEs) continued to avoid regulatory
scrutiny due to persistent central protectionism. Overall, our findings highlight the
substantial ecological costs of weak enforcement arising from incomplete adminis-
trative independence.
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The Earth does not belong solely to humans. However, several episodes of intense eco-

nomic expansion have led to profound biodiversity loss, including large-scale species ex-

tinctions, with serious and far-reaching consequences for humanity (Feir, Gillezeau, and

Jones, 2024; Frank and Sudarshan, 2024). In addition to pollution and climate risks,

biodiversity loss introduces unique risks and challenges for economic and financial mar-

kets (Giglio, Kuchler, Stroebel, and Zeng, 2023; Hoepner, Klausmann, Leippold, and

Rillaerts, 2023; Karolyi and Tobin-de la Puente, 2023). While recent research has begun

to address these issues, it has primarily focused on investor recognition of firm exposure

to biodiversity risks (Garel, Romec, Sautner, and Wagner, 2024), as well as the finan-

cial implications of biodiversity risks or conservation policies (e.g., Chen, Chen, Cong,

Gao, and Ponticelli, 2024; Giglio, Kuchler, Stroebel, and Wang, 2024). Relatively little

research has explored real variations in biodiversity or methods to reverse biodiversity

loss.

Governments worldwide have implemented extensive environmental regulations and

policies to combat environmental degradation, including biodiversity loss. Beyond pol-

icy creation, the stringency of enforcement critically influences policy effectiveness. For

firms, the anticipated rigor of policy enforcement significantly influences how they per-
1For reference, in his , Harari (2014) discusses how human

economic activities have significantly impacted species extinction throughout history. Dating back to
the Cognitive Revolution (c. 70,000 BCE), humans’ advanced hunting skills led to the extinction of large
animals, such as the woolly mammoth, woolly rhinoceros, and giant deer in Europe, as well as megafauna
in Australia and North America. Similarly, the Agricultural Revolution (c. 10,000 BCE) caused habitat
changes and biodiversity loss due to farming practices. The Unification of Humankind (c. 1st century)
intensified environmental degradation as human societies expanded. The Scientific Revolution (c. 16th
century) and the Industrial Revolution (c. 19th century) further accelerated pollution and the over-
exploitation of natural resources, leading to increased species extinction rates. Harari emphasizes that
these patterns of extinction are direct consequences of humanity’s relentless expansion and exploitation
of ecosystems. The past decade has also seen a dramatic increase in the number of endangered species,
with over 44,000 species at risk as of 2023 (Statista, 2024).

2Estimates suggest that degrading ecosystems could potentially trigger a decline of US$2.7 trillion
in global GDP by 2030 (United Nations Development Programme, 2022).

3For example, governments worldwide have recently committed to addressing biodiversity loss to-
gether. At COP15 in 2022, a total of 188 governments agreed to the Kunming-Montreal Global Biodi-
versity Framework and committed to addressing the ongoing loss of terrestrial and marine biodiversity.

4For example, during the 2008 Olympics, Beijing implemented strict environmental enforcement on
industrial production and construction activities. Reportedly, the air pollution index in Beijing dropped
from an average of 102 before the Olympic Games to an average of 55 during the Olympics, representing
a decline of approximately 50%. However, this improvement was temporary, and air quality returned to
previous levels after the Olympic Games concluded (Chen, Jin, Kumar, and Shi, 2013).
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ceive penalty risks and their resulting conservation efforts (Blundell, Gowrisankaran, and

Langer, 2020). Policy enforcement stringency, therefore, has implications for both fi-

nancial and environmental outcomes (Choy, Jiang, Liao, and Wang, 2024). This paper

aims to examine the direct and indirect costs of enforcement stringency imposed on firms

and quantify its ultimate impact on biodiversity. We also investigate the underlying

mechanisms and their implications for different types of firms.

The Chinese context provides unique exogenous variation in the enforcement strin-

gency of environmental regulations. Driven by the country’s political tournament regime

(Li and Zhou, 2005) and fiscal federalism (Qian and Roland, 1998), local officials in China

have been heavily incentivized to prioritize economic growth targets over the past few

decades (Lo, Fryxell, and Wong, 2006; Liu, Xu, Yu, Rong, and Zhang, 2020). This re-

lentless focus on economic development has led to lenient enforcement of environmental

regulations at the local level (Ma and Ortolano, 2000; Wang, Mamingi, Laplante, and

Dasgupta, 2003), compromising environmental sustainability and resulting in excessive

pollution and significant damage to ecosystems (Yu, Li, Duan, and Song, 2023). In re-

sponse, the Chinese central government introduced “vertical management reform” which

increased the administrative independence of local Environmental Protection Bureaus

(EPBs).

Prior to the reform, local EPBs were under the control of local governments, creating

inherent conflicts of interest in enforcing environmental laws since local governments

prioritized economic development. In the early 2000s, cities began implementing the

reform, which transferred local EPBs’ enforcement authority to higher administrative

levels, effectively removing local government control. Centralizing regulatory oversight

and increasing local EPBs’ administrative independence in this way has enabled more

rigorous and impartial environmental law enforcement. We leverage the staggered city-

level EPB reforms between 2003 and 2019 and employ a difference-in-differences (DiD)

approach to evaluate whether the reforms have increased environmental law enforcement

stringency and to investigate how more stringent enforcement may influence biodiversity

outcomes.
5See “Beijing Says It Cares About Climate but Prioritizes Growth” (Ezrati, 2023).
6See Figure 3 for a schematic diagram illustrating the reform.
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Because overall biodiversity is multidimensional and difficult to measure, we focus

on avian diversity to capture variation in biodiversity. Scientifically defined, biodiversity

encompasses the diversity of species, genetic variability within species, and variety among

ecosystems and ecological processes. Although it is challenging to construct sensitive

measures that capture variation in general biodiversity both over time and across regions,

birds are among the best ecological indicators. They are highly sensitive to habitat

changes and pollutants, making them effective proxies for assessing ecosystem health (U.S.

Geological Survey, Forest and Rangeland Ecosystem Science Center, 2022). Furthermore,

birds contribute to crucial ecosystem services, such as pollination, seed dispersal, and pest

control, which makes their diversity essential for maintaining ecological balance.

To capture changes in bird diversity, we compile all available birdwatching records

from both , a global birdwatching platform, and , a local Chinese

birdwatching platform. We develop two avian diversity indicators: 1) bird species, which

is the number of unique bird species observed within each city-year and serves as a proxy

for species diversity, and 2) bird observation rate, which is the average number of birds

observed per hour in each birdwatching event and serves as a proxy for bird abundance.

To address concerns regarding the amateur nature of birdwatching activities and their

potential limitations in observing all species, we cross-verify bird species’ zoogeographical

distribution with scientific monographs. These monographs determine bird distributions

using more specialized and scientific methods, such as field photography, videography,

audio recordings, satellite telemetry, and bird behavior recorders. Our analysis reveals

that the and data accurately cover over 80% of species, with

coverage increasing to 85–90% in most urban areas.

Using the staggered DiD strategy and controlling for various city-level and birdwatching-

level covariates, our baseline findings show that more stringent environmental enforce-

ment led to significant increases in bird diversity. The effect magnitudes are striking:

cities saw an increase of 26.0 additional bird species (a 35.6% increase) and 25.8 more

birds observed per hour (a 35.0% increase) following the Chinese EPB reforms.

To provide a concrete example, Figure 1 illustrates the expansion of Little Forktail

( ) before and after EPB reforms. The figure depicts cities where Little

Forktail was observed in 2014 (Panel B) and in 2018 (Panel C), alongside cities that
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underwent the EPB reform during 2015–2018. Little Forktail expanded its range sig-

nificantly between 2014 and 2018, particularly into cities that implemented the reform

during this period.

[Insert Figure 1 about here]

The baseline findings remain robust across a wide range of checks, including the use of

standardized dependent variables, alternative filtering criteria, adjustments for observer

ability, different sample periods, and additional control variables. Importantly, we find no

systematic relationship between the timing of reform adoption and pre-reform biodiversity

or environmental characteristics, alleviating concerns about endogenous policy timing.

We also conduct heterogeneity analyses across bird species and show that the EPB reforms

had particularly strong effects on endangered and migratory birds. The improvement in

biodiversity is likely channeled through the overall enhancement of local environmental

quality, consistent with the fact that reformed cities experienced substantial reductions

in air, water, and solid waste pollution.

Our event-study analyses show that avian diversity increased immediately and sharply

following the reform, raising the important question of where these new species originated.

We distinguish between two possible mechanisms: a restoration effect, where improved en-

forcement restores the environment to its pre-degradation condition, and a redistribution

effect, where reformed cities attract birds from neighboring areas. Our evidence indicates

that the redistribution effect dominates in the short run. While these two mechanisms

are not mutually exclusive, our results suggest that redistribution occurs rapidly, whereas

genuine ecological restoration takes longer to materialize. These findings highlight the

substantial ecological costs of weak enforcement.

In Section 4, we quantify the variation in enforcement stringency and examine the

costs that enhanced scrutiny imposes on firms. Using Environmental Protection Admin-

istrative Penalties imposed on Chinese enterprises as a proxy for enforcement stringency,

we document significant effects of the reforms: post-reform, the number of penalty cases

increased by 152.3%, and total fines rose by 144.6%. To strengthen the causal interpreta-

tion between enforcement stringency and avian diversity, we divide cities into “stricter”

(above median) and “looser” (below median) enforcement categories based on the mag-
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nitude of penalty increases surrounding EPB reform implementation. The results show

that improvements in avian diversity are concentrated in the stricter cities.

Despite the significant increase in environmental penalties following the EPB reforms,

the magnitude of fines remains modest, averaging RMB 58.7 thousand (approximately

USD 8,260) per penalty event and about RMB 5 million (approximately USD 700,000)

per city-year. This raises the question of whether and why firms respond to the increased

likelihood of penalties.

We answer this question by investigating how environmental penalties affect firms’

reputations and real economic outcomes. Focusing on the sample of listed firms that were

penalized at least once during the sample period, we document substantial reputational

and real costs of penalties. Specifically, following each penalty announcement, news

sentiment toward the firm declines significantly during the five days after the event. The

short-term cumulative abnormal returns (CARs) show significantly negative stock market

reactions, with average returns of –0.15% to –0.20% in the [−1,3] and [−1,5] windows,

respectively. Moreover, in years when a firm or its subsidiary was penalized, the listed

parent firm faced higher debt costs, lower Tobin’s Q, reduced institutional ownership, and

slower sales growth. Taken together, although the monetary fines are relatively small,

firms have strong incentives to avoid penalties due to the substantial reputational and

financial repercussions.

We then examine firms’ conservation efforts in response to the “costly” penalties, as

well as to the increased likelihood of being penalized. We find that firms reduce emissions

not only after they themselves are penalized, but also after their peers (defined as firms in

the same industry or located in the same city) are penalized. In other words, firms actively

respond to not only penalties but also the perceived likelihood of penalties. Accordingly,

the EPB reforms, which substantially increased the probability of penalties, led firms to

lower their emissions. Further evidence shows that firms reduce emissions by increasing

investment in green technologies rather than merely cutting production. We use green
7These results are consistent with prior studies on how stakeholders respond to firms’ negative ESG

events. For example, brown suppliers experience reductions in contracts (Darendeli, Fiechter, Hitz, and
Lehmann, 2022), and banks are more likely to terminate relationships with brown borrowers (Wang,
2023).

8As reported in Section Appendix A.3, city-level pollution declined whereas output remained stable
post reform, indicating that firms likely did not lower emissions by curtailing production.

5



patent applications as a proxy for firms’ investment in green initiatives and find that

firms filed more green patents after being penalized, after their peers were penalized, and

following the EPB reforms.

In Section 5, we examine whether the effects of the EPB reforms differ across firm

types. Drawing from the literature on judicial and administrative independence (e.g., Liu,

Lu, Peng, and Wang, 2022), we analyze the effects of the reform from the perspective of

both local and central protectionism in China.

Our findings show that post-reform enforcement has disproportionately regulated lo-

cal and privately owned enterprises (POEs, including both listed and unlisted companies),

while state-owned enterprises (SOEs) have not faced a significant increase in penalties.

These results suggest that enhancing administrative independence has effectively curbed

local protectionism, benefiting biodiversity by imposing stricter regulations on local firms,

which now bear the increased costs of conservation efforts. However, central protection-

ism remains a significant challenge because SOEs are major contributors to pollution, and

they continue to evade meaningful enforcement. This disproportionate effect indicates

that while the reform has made progress in reducing local protectionism, further mea-

sures are necessary to address the privileged status of SOEs and mitigate their ongoing

environmental impact.

Consistently, we also find that local and privately owned firms show a significant

increase in green patent applications post-reform, reflecting their proactive efforts to

hedge stricter environmental regulations. However, SOEs do not exhibit a comparable

increase in green patents. This discrepancy points again to the persistent challenge of

central protectionism: SOEs face fewer environmental regulations and are less motivated

to invest in conservation efforts.

This research contributes to recent but emerging literature that integrates biodiversity

into economic and finance frameworks. Beyond pollution, biodiversity loss has profound

and far-reaching consequences for humanity (Feir et al., 2024; Frank and Sudarshan,
9Local protectionism arises when local governments shield firms that create local economic growth

and tax revenue, often resulting in looser regulatory enforcement; central protectionism refers to state-
owned enterprises (SOEs) receiving preferential treatment due to their connections with the central
government. The increase in administrative independence of EPBs from local governments reduces reg-
ulatory leniency for local firms, while SOEs remain relatively insulated due to their political connections
to the central government.
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2024), introducing unique challenges for economic and financial markets (Giglio et al.,

2023; Hoepner et al., 2023; Karolyi and Tobin-de la Puente, 2023; Cao, Karolyi, Xiong,

and Xu, 2025). Accordingly, investors recognize biodiversity risks (Garel et al., 2024),

and thus asset prices and financing costs react to biodiversity risks (Cherief, Sekine, and

Stagnol, 2022; Hoepner et al., 2023; Coqueret, Giroux, and Zerbib, 2025; Cornaggia,

Liang, Iliev, and Wang, 2025; Xin, Grant, Groom, and Zhang, 2025) and conservation

policies (Chen et al., 2024). Studies also construct frameworks on how to leverage fi-

nance for conservation efforts (Flammer, Giroux, and Heal, 2025). Yet, understanding

the extent to which economic activities have harmed biodiversity (Liang, Rudik, and Zou,

2025; Meng, Liu, Zhou, and Mei, 2025) is crucial for creating and enforcing conservation

policies that can protect and improve biodiversity. Furthermore, examining which types

of firms incur the economic costs of addressing biodiversity issues and which can evade

them enhances our understanding of the conservation policy framework. By examining

the dynamics of government actions, firm behavior, and biodiversity, this research under-

scores the importance of policy enforcement effectiveness—beyond investor preferences—
in shaping firm conservation practices.

Second, we engage the extensive green finance literature. Extant sustainable finance

and ESG research largely focuses on the environmental considerations of firms and in-

vestors (e.g., Hartzmark and Sussman, 2019; Krueger, Sautner, and Starks, 2020; Bolton

and Kacperczyk, 2021; Xu and Kim, 2022; Sautner, Van Lent, Vilkov, and Zhang, 2023;

Starks, 2023; Edmans, Gosling, and Jenter, 2025), with far less attention given to the

role of environmental regulation, particularly the effectiveness of enforcement. A signifi-

cant motivation for firms to adopt green practices also stems from the implementation of

environmental laws and policies (Greenstone, 2002; Blundell et al., 2020; Liu, Tan, and

Zhang, 2021; Dasgupta, Huynh, and Xia, 2023; Ramadorai and Zeni, 2024), as these reg-

ulations introduce additional risks of penalties and litigation (Wu, Luo, and You, 2025)

and consequent increased financing costs (Bartram, Hou, and Kim, 2022; Choy et al.,
10Despite the breadth of this literature, existing research on ESG can be broadly categorized in relation

to several fundamental questions: who considers ESG (which investors and firms), why they consider
it (their motivations), how they integrate ESG into decision-making, and what the outcomes of such
integration are (particularly regarding financial implications). A central debate within this literature is
the “value vs. values” question (Starks, 2023)—whether investors and firms should approach ESG and
CSR as matters of social responsibility (e.g., Bénabou and Tirole, 2010) or from a financial perspective
(e.g., Houston and Shan, 2022; Duchin, Gao, and Xu, 2025).
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