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Abstract

Biodiversity conservation incurs substantial economic costs. We investigate how

financial markets price the risks such costs induce, exploiting the “Green Shield Ac-

tion,” a major regulatory initiative launched in China in 2017 to enforce biodiversity

preservation rules in national nature reserves. While improving biodiversity, the ini-

tiative led to significant increases in bond yields for municipalities with these reserves,

effectively increasing the cost of public capital. The effects are driven by increases

in local governments’ fiscal risk due to expected increases in transition costs result-

ing from eradicating illegal economic activities within reserves and additional public

spending on biodiversity. Investors show little non-financial consideration towards

endeavors counteracting biodiversity loss.
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Dragon Yongjun Tang, Kunyu Tao, Kedi Wang, Qunwei Wang, Shouyang Wang, Yudong Wang, Shang-
Jin Wei, Haotian Xiang, Wei Xiong, William W. Xiong, Haosheng Yan, Ayako Yasuda, Qiaozhi Ye,
Xiang Yin, Ruishen Zhang, Qiong Zhang, and conference and seminar participants at Asian FA 2024,
CAERE 2024, CAFM 2024, CBCF 2023 Autumn, CCER Summer Institute 2024, CFRN 2023, China
Economic Annual Conference 2023, GRASFI 2024, LU-JNU Joint Conference for Sustainable Finance
and Development in the Digital Era, NBER Chinese Economy Working Group 2024 Fall Meeting, NSFC
Youth Fund Project Exchange Meeting for Economic Discipline 2023, PRI Acadmic Network 2024, SFS
Cavalcade Asia-Pacific 2024, and Beijing Normal University, Cornell, CUFE, McGill University, Nankai
University, Peking University, Renmin University of China, Research Institute of the People’s Bank of
China, ShanghaiTech, SUFE, SWUFE, Tsinghua University, University of Chinese Academy of Science,
Xi’an Jiaotong University for comments and suggestions. Gao also acknowledges the research support
from the National Natural Science Foundation of China (NSFC 72322015 and 72273146).

†School of Finance, Renmin University of China. Emails: chen fk@ruc.edu.cn, chen mh@ruc.edu.cn,
and gaohaoyu@ruc.edu.cn, respectively.

‡Cornell SC Johnson College of Business (Johnson), IC3, and NBER. Email: will.cong@cornell.edu.
§Kellogg School of Management, Northwestern University, NBER, and CEPR. Email: jacopo.ponticelli

@kellogg.northwestern.edu.

1



1 Introduction

The ongoing rate of biodiversity loss underscores the intricate nexus between nature

and the global economy (Flammeret al., 2023). Since 1900, 477 vertebrate species have

become extinct in the wild, and 30 to 50% of all species are estimated to face the risk

of extinction by the middle of this century (Ceballoset al., 2015; Deutzet al., 2020;

Jaureguiberryet al., 2022). This reality calls for biodiversity conservation, which carries

signi�cant costs. Prior studies have evaluated the direct economic costs of this transition

(IPBES, 2019; Deutzet al., 2020) and the asset pricing implications of biodiversity risk

(Coqueretet al., 2024; Garelet al., 2024; Giglioet al., 2023a, 2024; Xiong, 2023). However,

the �nancing cost of biodiversity conservation and its implications for �nancial markets

remain largely unexplored (Karolyi & Tobin-de la Puente, 2023; Starks, 2023).

We contribute to this literature by presenting new evidence from a major policy for

biodiversity conservation in China, the Green Shield Action (GSA). GSA is a national

regulatory initiative launched by the central government in 2017 to reinforce the safeguard

of national nature reserves (NNRs). NNRs are legally designated areas for biodiversity

conservation managed by local governments. In recent decades, many of the local adminis-

trations in charge of such reserves failed to ful�ll their responsibilities, allowing economic

activities such as mining, tourism, and hydropower energy generation to occur within

their NNRs. In July 2017, the central government launched GSA to identify such viola-

tions. Under GSA, the central government began conducting rigorous investigations and

exerting pressure on local authorities to act in response to reported violations.

We focus on the impact of GSA on the pricing of municipal corporate bonds (MCBs).

In targeting the protection of nature reserves, the GSA leaves little discretion to local

governments in terms of implementation (Wanget al., 2023). Crucially, the funding

responsibility of the conservation e�ort in NNRs largely falls on local governments. This

has led to substantial increases in �nancial pressure for municipalities containing NNRs

after the introduction of GSA. Unlike corporations, municipalities cannot change their

location to avoid transition and conservation costs. Thus, MCB investors must account

for such local risk when valuing these bonds.

Our empirical analysis utilizes three main datasets. First, we manually construct a

new dataset that contains the geographical location of all NNRs in China. This allows

us to identify municipalities whose boundaries encompass national nature reserves. Sec-

ond, we utilize data on the issuance and trade information on all MCBs in China from

January 2013 to June 2022. To assess the impact of GSA on local conservation e�orts,

we use satellite remote sensing data, information sourced from government procurement

documents, newspaper articles, and bird observation records. These additional data sets

provide a multifaceted perspective for ascertaining the mechanisms through which GSA

in
uences public �nancing costs.
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We implement a standard di�erence-in-di�erences (DID) empirical strategy. We com-

pare changes in the yield spreads of MCBs of municipalities containing at least one NNR

(NNR municipalities) with those of municipalities without NNRs (non-NNR municipal-

ities) around the launch of GSA. We select the third quarter of 2017 { when GSA was

launched { as the beginning of the treatment period. We document that, compared to

non-NNR municipalities, NNR municipalities experience a 24-basis-point larger increase

in their yield spreads following the introduction of GSA. This corresponds to 18% of the

in-sample standard deviation (136 basis points). The results are robust to using more


exible measures of treatment intensity (i.e., the area of NNRs), alternative bond spread

measures, and data frequencies.

A central challenge with our identi�cation strategy is whether the documented di�er-

ences in bond yields between NNR and non-NNR municipalities around the introduction

of GSA are driven by expected local public �nancing costs or other confounding factors.

A comparison of municipality characteristics shows that municipalities with and with-

out NNRs are similar across a large set of observables in the pre-GSA period. Including

controls for bond- and city-level characteristics in our estimating equation leaves the size

of the main coe�cients stable. Finally, we show that municipalities with and without

NNRs display similar trends in yield spreads in the period before the introduction of

GSA, lending support to our identi�cation assumptions.

We discuss and test the potential mechanisms behind the impact of GSA on the

risk premium demanded by MCB investors. We start by investigating whether expected

transition costs can explain the increase in MCB spreads. We focus on the (ex-ante) extent

of human economic activities within the NNRs, as it re
ects the expected e�ort level that

local governments must undertake to comply with GSA. These e�orts include closing down

illegal economic activities taking place inside NNRs and recovering the corresponding

damaged local biodiversity. Utilizing remote sensing data on developed land and night-

time luminosity, we �nd that a higher presence of human economic activities within NNRs

before GSA is associated with a more pronounced pricing e�ect.

Second, we construct a measure of government expenditure on biodiversity conserva-

tion by analyzing the text of local government procurement contracts to identify those

associated with nature reserves. We document that, after the implementation of GSA,

NNR municipalities experienced a larger increase in the value of procurement contracts

associated with nature reserves. These results are consistent with increases in the real

costs of biodiversity conservation following GSA.

Third, we study changes in the �scal position of local governments following GSA.

We �nd a decline in the �scal surplus of NNR municipalities compared to non-NNR

municipalities. The impact of GSA on MCB spreads is greater for municipalities with a

heavier initial debt burden and for MCBs with shorter maturity. We consider whether the

observed pricing e�ects could be attributed to an increase in the level of public �nancing|

3



to fund the growing spending on biodiversity, local governments only reorganize internal

resources, but may also seek more external �nancing. This surge in the demand side of

local public �nancing could theoretically exert upward pressure on interest rates as the

government competes for capital. Also, the documented change in MCB yields could be

driven by an increase in political risk for the local public o�cials who are now accountable

for the implementation of the reform. However, we �nd no empirical evidence in support

of these channels. Borrowing activities of local governments and the turnover of local

o�cials remain stable around GSA.

We also investigate investors' potential non-pecuniary preference for biodiversity (i.e.,

the so-called \Values" in Starks, 2023). Speci�cally, if there are a considerable number

of \impact investors" who care about biodiversity but are uninformed about the actual

conditions of NNRs, then GSA may reveal the poor practices of local o�cials in the

management of reserves. This information may trigger investors to impose an overdue

punishment on the securities issued by the responsible authorities. If this mechanism

holds, we expect municipalities with higher information asymmetry on NNRs to experi-

ence a greater increase in MCB spreads. We compare NNR municipalities to di�erent

levels of newspaper coverage related to NNRs but �nd insigni�cant heterogeneous e�ects.

To quantify the real biodiversity bene�ts of GSA, we collect new data on observed

bird species recorded by bird-watching enthusiasts and research observation stations. We

�nd that GSA has indeed led to an increase in the number of observed bird species. If

investors value the non-pecuniary biodiversity bene�ts of GSA, then one would expect

a lower increase in MCB spreads in municipalities where GSA led a larger improvement

in biodiversity. However, we do not �nd any evidence of such heterogeneous e�ects.

Although this might just be due to the fact that changes in biodiversity are hard to

monitor by investors, the lack of alignment between biodiversity bene�ts and investors'

valuation can hinder biodiversity conservation e�orts in general.

Finally, to quantify the aggregate �nancial cost of the biodiversity transition, we per-

form a back-of-the-envelope calculation comparing counterfactual annual interest pay-

ments inferred from our estimates with actual payments. Our calculation is based on the

outstanding debts of Local Government Financing Vehicles (LGFVs) with MCBs from

2013 to 2021.1 We �nd that GSA led to aggregate extra interest costs of around 40 billion

U.S. dollars from 2018 to 2021. As a reference, Deutzet al. (2020) estimates that China

would need to spend 45.5 billion dollars per year to protect biodiversity according to its

proportion of species in the world. The extra �nancing costs brought by GSA account

for 11.54%, 25.36%, and 47.12% of these estimated direct costs in 2019, 2020, and 2021,

respectively.

Our paper contributes to the literature on natural capital and biodiversity conser-

1 In practice, LGFVs are direct issuers of MCBs (see details in Section 2.3).
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vation.2 The literature has documented the bene�ts of biodiversity, such as boosting

agricultural productivity (Frank et al., 2024), reducing human health risks (Frank & Su-

darshan, 2024; Frank, 2021; Keesing & Ostfeld, 2021), and enhancing resilience to climate

change and natural disasters (Isbellet al., 2015; Rizzi, 2022; Taylor & Druckenmiller,

2022). However, we still have limited evidence on the economic costs associated with

biodiversity conservation. Recent work has documented that conservation e�orts may

lead to labor market unemployment (Ferris & Frank, 2021) and a decline in the value

of resource extraction rights (Bo�skovi�c & N�stbakken, 2017). Our paper provides new

empirical evidence on the e�ects of biodiversity conservation on public �nancing costs in

the context of a large government-led conservation e�ort.

Our paper is also related to the literature on biodiversity and �nancial markets. Recent

work includes Giglio et al. (2023a, 2024), Garelet al. (2024), Coqueretet al. (2024),

Xin et al. (2023), and Xiong (2023), which have developed metrics to characterize the

biodiversity risks faced by �rms and their risk premia in equity or derivatives markets.

We extend the discussion by exploring how the costs of biodiversity conservation are

priced in bond markets in a large emerging economy of signi�cant importance for global

biodiversity conservation.3 Unlike other economic e�ects that often stay local, external

validity is not a concern here given the global nature of sustainability issues such as

climate change and loss of biodiversity (e.g., Bolton & Kacperczyk, 2023); if anything,

studies beyond the settings of developed countries where empirical �nance research has

focused on prove crucial. Moreover, because most governments do not use equity �nancing

that gives investors an upside in the long run, our �ndings point to a particular challenge

of �nancing biodiversity conservation via debt markets.

More broadly, our study is related to the growing body of research on sustainability

and climate �nance (Choiet al., 2020; Engleet al., 2020; Sautneret al., 2023; Ardiaet al.,

2023; Bolton & Kacperczyk, 2021; Deliset al., 2018; Ilhanet al., 2021; Danget al., 2023;

Seltzer et al., 2022; Honget al., 2023). Relative to research on climate, which focuses

on physical systems, biodiversity research lacks reliable and widely accepted evaluation

measures. The monetary value of biodiversity conservation projects is di�cult to quantify,

and property rights are challenging to de�ne (Karolyi & Tobin-de la Puente, 2023). These

characteristics make it di�cult to design market-based mechanisms for biodiversity �nance

that are similar to carbon trading, thus necessitating direct public capital intervention to

address market failures related to common goods (Kedwardet al., 2022). Therefore, in

biodiversity transition, the role of government is particularly important and the impacts

2 Seminal contributions by Weitzman (1992, 1993, 1998) measure the \value of diversity"; Heal (2001)
provides an overview of biodiversity's services, and Brock & Xepapadeas (2003) integrate ecological
and economic frameworks for valuing biodiversity.

3 For instance, Egli et al. (2018) �nd that optimizing integrated land use planning for sustainable in-
tensi�cation in ten countries|China, India, the Philippines, Brazil, Australia, Mexico, Indonesia,
the Democratic Republic of the Congo, Ecuador, and Vietnam (with a majority being emerging
economies)|could prevent an estimated one-third of biodiversity loss by 2040.
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of biodiversity risks on the public sector extend beyond revenue risks and asset value

depreciation (Jhaet al., 2020; Painter, 2020; Goldsmith-Pinkhamet al., 2023; Jerchet al.,

2023). Our paper emphasizes that both direct conservation inputs and the resulting e�ects

on the cost of public capital should be considered.

Finally, our paper is related to impact investing. According to Starks (2023), investors

may base their decisions on two types of motivations: the pursuit of �nancial bene�ts

(\value" motivation) and non-pecuniary preferences (\values" motivation). Although

some investors are willing to sacri�ce certain �nancial returns for sustainable development

or long-term gains (Bakeret al., 2022; Barberet al., 2021; Feldh•utter et al., 2024), and

previous studies have documented a positive link between eco-friendly behavior and stock

market outcomes (e.g., Kr•uger, 2015; Flammer, 2021), this is not universally the case. In

fact, numerous studies have found that some investors prefer sustainable projects because

they o�er higher returns or lower risks (Giglio et al., 2023b; Dimsonet al., 2015, 2021;

Krueger et al., 2020; Starkset al., 2023; Hoepneret al., 2024). Our analysis indicates

that, although GSA has led to actual improvements in biodiversity, �nancial consideration

related to the conservation dominates investors' thinking. In important economies like

China, the in
uence of socially responsible investment missions that focus on the intrinsic

value of biodiversity may not yet be large enough to determine the equilibrium market

price.

2 Institutional Background

2.1 Nature Reserves in China

With its diverse climate and large number of recorded known species | 138,293, 6.4%

of the total number recorded worldwide | China is among the most biologically diverse

countries in the world.4 For example, China is the third country by number of vascular

plant species, after only Brazil and Colombia. This wealth of biodiversity underscores its

vital importance for the global ecosystem.

To protect its natural capital, China has designed an extensive network of nature

reserves | land, inland waters, or seas containing representative natural ecosystems,

habitats for rare and endangered wild species, or natural relics with special signi�cance.5

Among them, national nature reserves have the most extensive regulatory oversight and

strictest legal provisions compared with other provincial, municipal, and county nature

reserves. Correspondingly, the regulations stipulate that only reserves \holding general

4 See, e.g.,http://www.sp2000.org.cn/CoLChina and https://www.iucnredlist.org/resources/
summary-statistics .

5 Our de�nition of nature reserves follows the law and regulation of the People's Republic of China,
which govern the establishment and management of nature reserves within the territory of the People's
Republic of China and other sea areas under the jurisdiction of the People's Republic of China. In
particular, the regulation stipulates that nature reserves are for biodiversity preservation.
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signi�cance domestically and internationally, exerting remarkable international scienti�c

in
uence, or possessing extraordinary research value" can be designated as NNRs.

The designation of NNRs is solely based on the long-term endowment of natural re-

sources, without considering contemporaneous local economic and �scal conditions of the

regions where the reserves are located.6 According to regulations, the local government

should �rst submit a formal application to the administrative authority of NNRs under

the State Council. The central review committee for NNRs is responsible for the evalua-

tion process. After receiving a report on the biological situation of the candidate reserve,

the committee members vote. For an NNR to be eligible for State Council approval, it

must receive a two-thirds majority vote. Evaluation criteria include fragility, diversity,

endangered status, and scienti�c value of the natural resources of the reserve. The mem-

bers of the review committee are predominantly experts in the �eld of natural sciences,

with no representation from the economic or �nancial domains. Figure 1 illustrates the

development of nature reserves in China over time.7

Following the establishment of an NNR, the local governments are responsible for

managing, supervising, and conserving NNRs within their jurisdictions. Each NNR is

typically governed by a dedicated committee that manages its operations. This com-

mittee functions as an administrative entity under the local government's authority, and

it is �nanced by local government funds.8 NNRs also receive funding from the central

government. However, this central funding is usually limited. For example, Jianbo Sun,

a deputy of the 13th National People's Congress, presented a proposal highlighting that

the central government's annual funding for all NNRs totals only 600 million yuan (about

80 million USD). This breaks down to an average of just 1.26 million yuan (about 170

thousand USD) for each reserve. Given limited central funding, local governments bear

most of the �nancial responsibility for maintaining NNRs.9

As Figure 1 shows, the three decades between 1980 and 2010 have seen a large increase

in the creation of new nature reserves, whose number has stabilized during the last decade.

In the early decades, the e�ectiveness of nature reserves in protecting biodiversity fell

short of expectations. Local o�cials prioritized economic development over environmental

issues (Guanet al., 2010; Liu, 2010), resulting in the deterioration of numerous reserves.

6 Evaluation criteria for NNRs are available at https://www.mee.gov.cn/stbh/zrbhq/gjjzrbhqps/
201605/t20160522_342427.shtml .

7 The history of reserves dates back to the 1950s, with the establishment of the �rst nature reserve, the
Dinghushan Nature Reserve. Following the economic reform and liberalization of 1978, the number
of nature reserves underwent substantial growth. Toward the end of the 20th century, China also
experienced several environmental crises, including the drying out of the Yellow River in 1997, the

ooding of the Yangtze River in 1998, and the sandstorm that swept Beijing in 2000. These disasters
necessitated a reconsideration of the connection between economic growth and ecology, culminating in
a further signi�cant expansion of nature reserves during 1997-2010. After 2010, the rate of growth of
nature reserved slowed. Currently, there are over 2,700 nature reserves (around one-sixth of which are
NNRs), covering more than 140 million hectares.

8 See Appendix B.2 for more details regarding the institutional structure arrangement of NNRs.
9 See Appendix B.3 for more details on funding sources for nature reserves.
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A prime example is the Qilian Mountain NNR in Gansu Province, where exploration and

mining activities caused substantial damage to local vegetation, soil erosion, and surface

subsidence. For instance, 14 mining and exploration projects within this area were found

to be unauthorized, with 3 of these instances located within the core area of the NNR,

where in principle no individual is allowed to enter and no economic activity can be carried

out. In addition, over 30 mining projects were concealed, and over 40 hydropower plants

were constructed illegally.10 Following the \Qilian Mountain Incident," the Ministry of

Environmental Protection of China announced plans to inspect environmental issues in

all national nature reserves from July to December 2017. The initiative was named the

Green Shield Action (GSA).

2.2 Green Shield Action

Launched in July 2017, GSA is a major regulatory e�ort by the central government

to enforce biodiversity conservation in all NNRs. Its initial round identi�ed over 20,800

potential issues and concerns related to nature reserves, resulting in the closure and ban of

over 2,460 enterprises and the demolition of over 5.9 million square meters of constructed

facilities. Meanwhile, more than 1,100 local government o�cials were held accountable,

and several local regulations inconsistent with higher-level law were modi�ed. Overall,

GSA marks a clear change in China's e�ort to regulate and supervise NNRs, and re
ects

policymakers' commitment to improving biodiversity conservation.

In practice, GSA is a special supervision campaign implemented via investigation

teams in charge of on-site inspections of national nature reserves. Investigation teams

use various technologies { including high-resolution remote sensing { to inspect NNRs,

identify illegal activities, and report to the central government. Following these reports,

the central government urges local administrations to investigate the uncovered violations

and rectify them. Every local government unit in charge of an NNR must also create and

execute a detailed work plan that aligns with the guidelines set by GSA. This plan includes

regular inspections. Through these approaches, the central government placed signi�cant

political incentives on local o�cials to ensure that illicit activities are curbed.11

GSA implementation encountered local resistance. First, several NNRs are severely

understa�ed, making it di�cult to comply with requests from the central government.

Moreover, prior to the designation of an area as an NNR, there was already a large

number of residents living within these regions. Relocating residents and demolishing

existing structures is extremely challenging. Finally, local governments also need to

undertake ecological restoration projects within the reserves and allocate substantial funds

10 The central government conducted a special investigation into the Qilian Mountain National Nature
Reserve, veri�ed the ecological damage, held local o�cials and state-owned enterprises accountable,
and made a public statement (seehttp://www.gov.cn/xinwen/2017-07/20/content_5212107.htm ).

11 See Appendix B.4 for further details regarding the political incentives faced by local o�cials.
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to enhance the supervision of these areas and improve their operations.12

An illustrative case in this respect is the relocation of the Jinyun Mountain Nature

Reserve in Chongqing. In principle, the reserve was strictly o�-limits to all individuals and

entities, with only personnel engaged in scienti�c research and observation activities being

legally allowed to enter a bu�er zone. However, the reserve had nearly 9,000 residents

living within its boundaries. This imposed a critical burden on local authorities that

had to evacuate the area to meet GSA's requirements. Speci�cally, the Beibei District

Government (a subordinate government of the Chongqing Municipal Government), which

oversees the Jinyun Mountain Reserve, invested over 440 million yuan in the relocation

e�ort in 2019, despite its �scal revenue being 3 billion yuan in that year. Furthermore,

GSA stipulates that the Chongqing Government must demolish all illegal buildings within

the reserve, including housing, rural tourism facilities, hotels, and horse farms. Such

requirements further compound the economic costs.13

After the �rst phase of the GSA in 2017, the central government continued its ef-

forts in subsequent years by verifying the implementation of recti�cation requirements,

scrutinizing new violations of laws in nature reserves, and supervising the ful�llment of

management responsibilities of relevant departments. These e�orts indeed promoted the

restoration of the local ecology (e.g., see the changes in the land cover of the Qilian Moun-

tain NNR shown in Figure A1). By perpetuating these actions after 2017, the central

government solidi�es the expectations regarding its commitment to protect biodiversity

and nature reserves, thus shaping the �nancial market's perception of the transition costs

associated with biodiversity conservation.

2.3 Municipal Corporate Bonds

In the 1990s, the tax-sharing reform in China substantially reduced the proportion of

tax revenue allocated to local governments. Meanwhile, the 1994 Budget Law prohibited

local governments from directly engaging in any form of debt �nancing. For municipalities,

one way to balance the growing demand for public investments and insu�cient �scal

resources is to establish local government �nancing vehicles (LGFVs), special-purpose

state-owned enterprises. LGFVs primarily undertake the supply of local common goods

(e.g., public infrastructure) and are not contained in the local government's balance sheet.

To �nance public projects with long cycles and low direct earnings, LGFVs can borrow

from �nancial institutions and issue bonds, backed by local-authority-appropriated land,

subsidies, and other implicit guarantees.

12 See Appendix B.5 for further details regarding the challenges encountered during GSA.
13 These economic costs at least include: (1) The direct costs of demolition: hiring contractors, machinery,

and workforce to carry out the destruction of the buildings. (2) Relocation costs: providing compensa-
tion or support for those who are displaced by the demolition. (3) Potential legal and administrative
costs: arising from disputes or negotiations with property owners. See Appendix B.6 for further details
regarding the initiatives undertaken by the Chongqing government.
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Due to regulatory restrictions, LGFVs grew slowly in the early stage until the Chi-

nese central government launched a large stimulus package in November 2008 in response

to the global �nancial crisis. The �scal part of this package is commonly known as the

4-trillion-RMB plan, which mainly consists of public infrastructure and social welfare

projects. In terms of �nancing, more than two-thirds of planned investments (2.82 trillion

RMB) were expected to be funded by local governments. To facilitate these programs,

the central government introduced a series of credit expansion (Conget al., 2019) and

�nancial deregulation policies (Bai et al., 2016), encouraging local governments to raise

funds through LGFVs.14 Subsequently, both the number and total liability of LGFVs

experienced a signi�cant surge, which raised concerns about the default risks of munic-

ipalities.15 Then Beijing reverted its aggressive credit policy back to normal in 2010,

making LGFVs resort more to bond �nancing when facing rollover pressure from bank

debt coming due around 2012 (Chenet al., 2020).

The bonds issued by LGFVs are generally referred to as municipal corporate bonds

(MCBs, see, e.g., Chenet al., 2020; Gaoet al., 2021), where \corporate" re
ects the

fact that LGFVs have the same legal status as other regular corporations nominally, and

\municipal" indicates the exclusive implicit guarantee from the local government.16 In

2015, the new Budget Law became e�ective, allowing provincial governments to issue

municipal bonds directly. However, MCBs are still the dominant form of local public

�nancing. The overwhelming majority of city governments are not authorized to issue

municipal bonds on their own, and the intra-provincial distribution of proceeds is also

not publicly disclosed.17 In addition, the vast majority of MCB issuers are LGFVs owned

by local governments below the province level, providing us with variation in bond prices

at a �ne geographical level.18

14 Financial deregulation policies include: (1) Guidelines on Further Strengthening the Adjustment of
Credit Structure to Promote Steady and Rapid Development of Economy, released by the China
Banking Regulatory Commission (CBRC) in March 2009, (seehttp://www.gov.cn/gongbao/content/
2009/content_1336375.htm ). (2) the Notice on Accelerating the Implementation of Local Supporting
Funds for Central Government Investment Projects to Expand Domestic Demand, released by the
Ministry of Finance of the People's Republic of China (PRC) in October 2009 (seehttp://www.gov.
cn/zwgk/2009-10/13/content_1437713.htm ).

15 Fan et al. (2022) show that in 2009, the total value of LGFV bonds increased by 217%, and bank loans
to LGFVs surged by 93%. In addition, the debt raised by LGFVs represented more than 70% of the
total debt of local governments, and it surged from 1.7 trillion yuan in 2007 to 6.6 trillion yuan in 2010
and doubled again in 2014. Gaoet al. (2021) show that some LGFVs led to actual defaults on loans,
suggesting that municipalities indeed have considerable credit risk that could be priced in MCB yields,
consistent with Ang et al. (2023).

16 MCB is \cheng-tou-zhai" in Chinese, which means \city investment bonds." It is synonymous with
some other translations, such as \local government bonds" (Huanget al., 2020), \Chengtou bonds"
(Ang et al., 2023), and \urban construction and investment bonds" (Liu et al., 2017), and \LGFV
bonds" (Fan et al., 2022).

17 According to regulatory requirements, only Dalian, Qingdao, Ningbo, Xiamen, and Shenzhen have the
right to issue municipal bonds independently among the hundreds of prefecture-level cities.

18 In our sample, bonds issued by LGFVs owned by provincial governments only account for approximately
10% of the total MCBs from 2013 to 2022.
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Importantly, the market holds faith in municipalities' implicit guarantee for LGFVs

and thereby prices credit risk of local governments when investing in MCBs after 2015 (Liu

et al., 2017). In general, MCBs' credit rating reports typically consider local governments'

�scal conditions �rst, which is rarely seen among other issuers. For example, in Moody's

Local Government Financing Vehicles in China Methodology, \government support" is

set as the primary evaluation factor of MCB rating.19 The rationale behind this is that

since cities do not have discretion on issuing municipal bonds directly, their LGFVs still

rely on �nancial support from local governments. Governments at di�erent levels have

repeatedly defused the debt repayment crisis of LGFVs, and there have been no real

defaults on MCBs so far.20 Given this institutional setting, the price of MCB is likely to

re
ect the market views on local public �nancing costs during our sample period.

3 Data Description

3.1 National Nature Reserves

We collect the list of nature reserves and zoning images of NNRs from the Ministry of

Ecology and Environment of the People's Republic of China (PRC). By aligning zoning

images of NNRs with the standard administrative map of China, we construct a dataset

that includes information on NNR locations, borders, inception dates, and tier classi�-

cations of NNRs. This dataset enables us to calculate some fundamental attributes of

NNRs (e.g., land area) at both the reserve and administration levels. Furthermore, we

can construct some novel metrics (e.g., human economic activities within NNRs) after

merging the data with other geographical datasets.

3.2 Data on Municipal Corporate Bonds

We obtain municipal corporate bond data from Wind Information Co. (WIND), a

leading �nancial data vendor in China and the most widely used MCB database for our

sample period. WIND provides data on: (1) The issuing yield and attributes of each MCB,

including issuing price, issuing yield, issuance date, maturity date, issuing amount, bond

type, interest type, credit rating at issuance, state of guarantee, and option clause. (2)

Daily transaction information of each MCB, including trading price, trading yield, trading

date, trading volume, trading site, residual maturity, and credit rating. (3) Information

on each MCB issuer, including location, a�liation, and bond issuance. (4) Daily yield

19 See https://ratings.moodys.com/api/rmc-documents/386644 (This methodology was �rst pub-
lished on July 29, 2020, and updated on April 12, 2022).

20 In contrast, some credit bonds issued by private-owned and non-LGFV state-owned enterprises have
defaulted (Geng & Pan, 2024).
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curve of Treasury bond and the Chinese Development Bank (CDB) bond.21

Following Geng & Pan (2024), we study MCB yields around GSA at the quarterly

frequency using the last daily transaction price of the quarter for each MCB.22 To proxy

for the risk premiums that investors demand for investing in bonds, we use the CDB bond

as the risk-free benchmark and calculate MCB spreads as the di�erence between the MCB

yield and CDB yield on the same day and of the same maturity (Chenet al., 2023; Geng

& Pan, 2024).23 Treasury yields are employed in robustness checks.

3.3 Sample and Summary Statistics

Our sample covers the period from January 1, 2013, to June 30, 2022.24 Table 1

reports the descriptive statistics for the main variables used in our analysis. Besides

MCB spread and relevant indicators of GSA described above, there are other bond- and

city-level variables. Bond characteristics include the logarithm of the issuing amount,

residual maturity, bond rating, issuer rating, and whether the bond is option embedded,

secured, and traded on the exchange market. City-level characteristics include baseline

variables capturing the economic and social conditions of a city collected from the National

Bureau of Statistics and local statistical yearbooks in China in 2013. Table A1 provides the

details of all the variable de�nitions. We winsorize MCB spreads and city-level continuous

variables at 0.5% on each tail of the distribution.

Table 1 shows that about 51% of MCB observations are from NNR municipalities,

with about 63% of the observations occurring after the launch of GSA. MCBs in our

sample have an average residual maturity of 3.83 years and tend to be traded mostly in

the interbank (over-the-counter) market. For credit ratings, we convert letter grades into

numerical numbers by assigning 1 to AAA, 2 to AA+, 3 to AA, and so on. The average

bond rating and issuer rating are below 3, which is higher than non-MCB corporate

bonds (Dinget al., 2022; Geng & Pan, 2024), re
ecting the \municipal" nature of MCBs.

Figure 3 illustrates the unconditional dynamic of the average MCB spreads over time. The

gap between �nancing costs of NNR and non-NNR municipalities exhibits no substantial

21 We restrict the bond sample to MCBs issued by city- and county-level LGFVs with �xed interest
rates and residual maturity above one year. We also exclude MCBs in the form of private placement
notes, convertible bonds, exchangeable bonds, and asset-backed securities, due to their non-standard
structure, limited market size, or insu�cient information disclosure.

22 WIND reports historical transaction information in the daily frequency, with price-related metrics
weighted by the volume. In addition, \trading day" refers to the days on which real transactions took
place on the corresponding bond, excluding the days on which investors could trade but did not.

23 The CDB is China's largest development-oriented �nancial institution with a safe degree of creditwor-
thiness (Gao et al., 2021), directly supervised by the central government. Besides, the same as credit
bonds including MCB, CDB bonds are not tax-exempt, making the yield of this highly liquid security
a good proxy for the risk-free rate in the context of our study.

24 As explained by Chen et al. (2020), the MCB market was relatively underdeveloped before 2012.
Another vital fact is that since the 18th National Congress of the Communist Party of China (CPC,
also referred to as CCP) at the end of 2012, China overall has experienced a new stable political cycle
in our sample period without the turnover of the general secretary of the CPC.
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disparities in the pre-GSA period, while the former group surged much more in MCB

spreads following GSA.

4 Empirical Strategy and Findings

4.1 Empirical Strategy and Main Results

Our baseline empirical strategy is a standard di�erence-in-di�erences approach that

compares the relative changes in the MCB spreads in NNR municipalities and non-NNR

municipalities around the introduction of GSA. The speci�cation takes the following form:

Spreadbict = � ic + � t + �NNR c � Postt + �X 0
c � Postt + X 0

bict 
 + "bict ; (1)

where b indexes bonds,i indexes issuers,c indexes cities, andt indexes year-quarters.

The dependent variable,Spreadbict , is the spread of bondb issued by issueri , located

in city c, and traded in year-quarter t. NNRc is a dummy variable that equals one if

a city geographically intersects with an NNR and zero otherwise.25 Postt is a dummy

variable that equals one for the period after the introduction of GSA (i.e., from the third

quarter of 2017 to the second quarter of 2022). We also include bond issuer �xed e�ects

and year-quarter �xed e�ects. X c denotes city-level control variables. Speci�cally, we

interact the pre-determined city-level variables observed in 2013 withPostt to control for

di�erential trends across cities with di�erent initial characteristics. We control for time-

varying bond-level characteristics (X bict ) and cluster standard errors at the city level.

One obvious concern when estimating Equation (1) is that NNR and non-NNR mu-

nicipalities might di�er along other dimensions, and, in particular, dimensions that could

a�ect the evolution of their bond prices in the period around the launch of GSA. To

test this concern, we collect data on city-level baseline characteristics from the National

Bureau of Statistics and local statistical yearbooks and compare NNR and non-NNR mu-

nicipalities across a set of observable characteristics including measures of local economic

development (log GDP per capita, GDP share of the tertiary sector, log nightlight inten-

sity, log average housing prices, urbanization rate, share of adults with at least high-school

education), size (log population and log GDP) and the �scal position of local governments.

We compare NNR and non-NNR municipalities along these characteristics both in lev-

els (at the beginning of our sample period) and in changes (between 2013 and 2016, in

25 In 2017 and 2018, China introduced 29 new NNRs, which were upgraded from provincial nature reserves.
No additional NNRs have been added since 2019. These new NNRs account for only 6% (29/475) of
the total number of existing NNRs and encompass 22 cities. In addition, 2 of non-NNR municipalities
established national parks in 2021. Although new NNRs have also been under the supervision of GSA
since their establishment, we are still concerned about the potential selection bias associated with the
establishment of these NNRs. To ensure the validity of our empirical identi�cation, we exclude all 24
cities where the number of nature reserves at national level or above changed after GSA. Thus, the
presence of NNRs are completely pre-determined in our sample.
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the period before the introduction of GSA). The results of the balance test are reported

in Table 2. As shown, NNR and non-NNR municipalities are comparable in 21 out of

24 observable characteristics in the period before the introduction of GSA. Statistically

signi�cant di�erences emerge in terms of average annual GDP growth rate in the pre

period, with NNR municipalities growing on average 0.5 percentage points slower than

non-NNR municipalities. This corresponds to 5% of the average growth, as average local

GDP growth was 10.2 p.p. for NNR municipalities and 10.7 p.p. for non-NNR munici-

palities. We also �nd small but signi�cant di�erences in average growth in log nightlight

intensity (2.3% higher for NNR municipalities), and population growth (1.3% lower for

NNR municipalities). In the empirical analysis we control for municipality characteristics

and show that magnitudes of the main e�ects of GSA on spreads remain stable when

including such controls.

Table 3 reports the baseline estimates for Equation (1). Column (1) includes issuer

and time �xed e�ects to capture time-invariant city and issuer characteristics, as well

as common time shocks. In Columns (2)-(4), we augment the speci�cation with bond-

and city-level controls. The point estimates across all speci�cations are positive and

statistically signi�cant at standard levels. The estimates remain stable in magnitude when

including controls, consistently with the balance table results. In terms of magnitude, the

estimates in Column (4) indicate that NNR municipalities experienced a larger increase

in MCB spreads of around 23.7 basis points following GSA compared with non-NNR

municipalities. This e�ect corresponds to a 12% increase from the sample mean (197

basis points) and a 17.4% increase from the sample standard deviation (136 basis points).

These �ndings are consistent with the notion that the costs brought about by GSA are

priced in the MCB market.

To investigate the potential role of dynamic confounders, we estimate a period-by-

period speci�cation of the following form:

Spreadbict =
X

t

� tNNR c � qt + � ic + � t + �X 0
c � Postt + X 0

bict 
 + "bict ; (2)

where all variables are de�ned as in Equation (1). The coe�cients� t capture the dif-

ferences between the treatment and control groups in each quarter between 2013q1 and

2022q2.

Figure 4 plots the estimates of Equation (2) and their 95% con�dence intervals. The

conditional di�erence between NNR and non-NNR municipalities is small in magnitude

and non-statistically signi�cant before the introduction of GSA. This is consistent with

the parallel trend assumption. The di�erence increases in the post-GSA period starting

about one year after the introduction of GSA. This delay can be prima facie puzzling

as one would expect bond prices to respond immediately when the policy is announced.

There are two factors potentially contributing to the lagged e�ects of GSA on spreads.
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First, the central government inspected NNRs between late 2017 and early 2018, and only

after that { and violations identi�ed and punished { did local governments start planning

serious responses and announced their response plans. It is plausible that, following the

announcement of GSA, investors did not have right at the announcement the information

on the extent of the uncovered violations or the �nancial costs necessary to address them.

Second, it is plausible that both local o�cials and investors were initially uncertain

about the true commitment of the central government to the reform (Wanget al., 2023).

Each year, local o�cials receive multiple campaign-style requests from Beijing, only a

few of which represent true priorities for the central government. As enforcement inten-

si�ed and annual inspections became the norm, it became evident that compliance with

this policy was expected. This shift from campaign-style request to serious enforcement

could have led investors to only gradually recognize that the exposed local governments

would incur signi�cant biodiversity transition costs. We further discuss the timing of the

documented e�ects in Appendix B.6 using a case study.

Figure 4 shows that the gap in the MCB spreads between NNR municipalities and

non-NNR municipalities was not a temporary increase followed by a decline, but rather a

sustained rise. This pattern aligns with the features of GSA enforcement described above.

Inspections on NNRs started in 2017 and were repeated annually in subsequent years. Un-

der such a regular supervisory arrangement, it was di�cult for local o�cials to undertake

only temporary solutions, and the true magnitude of the necessary ecological restoration

projects became more and more clear over time. In this sense, the process of implemen-

tation of GSA guidelines by local governments was not immediate but rather gradual and

progressive. Appendix B.6 presents a detailed case in which a local government adopted

a phased investment plan following the GSA.

4.2 Robustness Tests

We test the robustness of the baseline estimates to a range of alternative speci�cations.

First, we examine alternative measures of treatment intensity. Our baseline speci�cation

uses a binary treatment variable. In this section, we use the proportion of NNRs within

the boundaries of a municipality, which captures continuous variations in pressure on

municipalities to manage NNRs. Table A2 and Panel A of Figure A2 report the results

obtained by replacing the binary variable with alternative measures. Using more 
exible

measures of exposure to GSA does not alter the baseline �ndings.

Second, in Table A3 and Panel B-H of Figure A2, we report the results of alternative

measures of bond spreads. Speci�cally, we utilize the quarterly median of spreads, the

quarterly mean of spreads, quarterly trading-volume-weighted average spreads, and mea-

sures of spread obtained replacing the risk-free benchmark with China's Treasury yields.

All results are robust to using these alternative measures of the outcome.

Third, we examine the robustness of the main results to using alternative data fre-
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quency for MCBs and the primary bond issuance market data. The corresponding sam-

pling processes are the same as the quarterly secondary market datasets in the baseline

speci�cation. The results are reported in Table A4 and Figure A3 in the order of monthly

frequency, semi-annual frequency, annual frequency, and the o�ering sample. Point esti-

mates remain signi�cant regardless of the data frequency used.26

4.3 Placebo Test Using Other Nature Reserves

To provide additional evidence that the documented e�ects are indeed driven by the

di�erential impact of GSA on cities with national nature reserves, we present a placebo

test in which we study the di�erential impact of GSA on cities with nature reserves other

than national ones. Recall that national nature reserves are only one type of nature

reserves in China, and other nature reserves at the province, municipality, and county

level exist in many areas of the country. This analysis also assuages the potential concern

that our results re
ect the impact of other features of nature reserve during this period.

For example, the presence of nature reserves might constrain local economic development

via restricting urbanization and limiting a region's �scal revenue streams for servicing

public debts.

We collect data on nature reserves at levels lower than the national level, including

provincial, municipal, and county levels. Similar to NNRs, lower-level reserves may

also restrict business in the way that hinders land use for urban exploitation. Despite

this, GSA did not prioritize the inspection of non-NNR reserves. Due to the lack of

political incentives, as well as the much larger number of non-NNR reserves than NNRs

(approximately �vefold), it is also less likely that local o�cials took proactive actions to

rectify issues in lower-level reserves.27

We augment Equation (1) with dummies forProvincial NR, Municipal NR, andCounty

NR, where each equals one if the administrative boundaries of each unit intersect with

the corresponding type of reserves and zero otherwise, and then interact them withPost.

Table 4 presents the results: Variation in non-NNR reserves has no additional e�ect on

bond spreads once NNRs are considered. Overall, the �ndings support the interpretation

that the documented e�ects are driven by GSA and not by dynamic confounders related

to other regional attributes associated with the presence of nature reserves.

26 Table A5 reports additional robustness tests in which we estimate our baseline speci�cation using
alternative samples of NNR and non-NNR municipalities. More speci�cally, we show that results are
robust to: (i) excluding NNR municipalities with the largest national nature reserves in the country,
(ii) only using non-NNR municipalities adjacent to an NNR municipality as control group, (iii) only
using non-NNR municipalities within a 50 km radius from an NNR municipality, and (iv) using the
intersection set of samples from restrictions (i) to (iii).

27 We should mention that, in practice, GSA occasionally extended beyond NNRs in certain years.
However, inspections for non-NNR reserves were often one-o� without consistent enforcement e�orts
in subsequent years. Moreover, according to o�cial statements from the central government, GSA
supervision should focus on NNRs. Note that enforcement e�orts outside NNR municipalities would,
if anything, bias against our estimates.
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4.4 Contemporaneous Policy Shocks

We also investigate whether other events related to environmental issues occurring

during the same period could a�ect the MCB market. Two most prominent policies

initiated by the central government around the introduction of GSA are: (1) the \Central

Inspection on Environmental Protection" and (2) the \Nationwide Campaign to Prevent

and Control Pollution." We describe the institutional background next.

Central Inspection on Environmental Protection (CIEP). This initiative was

approved by the central government in July 2015 and launched in 2016, and had the ob-

jective to inspect and improve environmental conditions in each province.28 An essential

aspect of this initiative was the establishment of a new mechanism for environmental in-

spection: speci�c central inspection groups were dispatched to check local environmental

protection and policy implementation on a provincial basis. Two rounds of these inspec-

tions have been conducted so far: the �rst round lasted from January 2016 to September

2017, while the second one took place from July 2019 to June 2022.

Nationwide Battle to Prevent and Control Pollution (NBPCP). In June 2018,

Beijing announced a comprehensive plan for pollution reduction, named Nationwide Bat-

tle to Prevent and Control Pollution.29 The plan aimed at improving the country's en-

vironmental quality by reducing the emissions of major pollutants. The plan targeted

pollution in air, water, and land, setting speci�c goals to be achieved by the end of 2020.

More speci�cally, the proportion of excellent air quality days in cities should reach over

80%; sulfur dioxide emissions should be reduced by at least 15% compared with the level

in 2015; the proportion of surface water bodies classi�ed as Grade I-III should exceed 70%;

the proportion of nearshore seawater classi�ed as excellent (Grade I, II) should surpass

70%; the safe utilization rate of polluted plots should be over 90%.

The timing of these policies partly overlaps with the launch of GSA in the second

half of 2017. All these policies target environmental issues. CIEP and NBPCP mainly

focus on overall environmental risk and pollution activities, whereas GSA concentrates

on biodiversity issues, particularly those within NNRs.

To disentangle the impact of GSA from other contemporaneous and related policies,

we construct measures of exposure to such policies and include them as controls in our

estimation. In Table A6, we measure the impact of CIEP by using four indicators: (1)

28 The Ministry of Ecology and Environment of the CPC has released detailed information on the Central
Inspection on Environmental Protection (see: https://www.mee.gov.cn/ywgz/zysthjbhdc/ ).

29 The corresponding policy document is the Guidelines on Comprehensively Strengthening Ecologi-
cal and Environmental Protection and Resolutely Fighting the Battle to Prevent and Control Pol-
lution, June 2018, (see: https://www.gov.cn/zhengce/2018-06/24/content_5300953.htm?eqid=
804df71900054d45000000056461879e).
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In the 1st round, a dummy variable that equals one for province-quarters in the �rst

round of CIEP investigations; (2)In the 2nd round, a dummy variable that equals one for

province-quarters in the second round of CIEP investigations; (3)After the 1st round, a

dummy variable that equals one for provinces investigated in the �rst round after the �rst

quarter of investigation; (4) After the 2nd round a dummy variable that equals one for

provinces investigated in the second round after the �rst quarter of investigation. Overall,

we �nd that after the �rst round of CIEP, MCB spreads rise more for bonds originating

in investigated provinces. However, the coe�cients capturing the impact of GSA remain

stable in magnitude and statistically signi�cant.

Table A7 includes measures of exposure to NBPCP. Considering that NBPCP has

quanti�able targets for pollution reduction and primarily focuses on enterprise pollution

behaviors, we select four city-year-level pollution metrics in 2017: the Air Quality Index,

industrial sulfur dioxide emissions, industrial wastewater emissions, and industrial dust

emissions. The Air Quality Index, as disclosed by the Ministry of Ecology and Environ-

ment, is a composite index weighted by the concentrations of six major air pollutants,

with higher scores indicating more severe local air pollution. The other three metrics,

collected from the local Bureaus of Statistics, are scaled by the GDP of the secondary

sector. We assume that the higher the pollution level, the greater the price that a city

needs to pay to comply with NBPCP. We interact these metrics withPostNBPCPt , a

dummy variable that equals one if the �rst quarter of 2018 and zero otherwise, and then

add interaction terms into our baseline speci�cation. The results indicate that initially

more polluted cities (as measured by sulfur dioxide emissions in particular) indeed ex-

perienced a higher increase in bond yields after the launch of NBPCP. Still, this seems

an independent e�ect from that of GSA, as the coe�cients capturing the impact of GSA

remain stable in magnitude and statistically signi�cant.

Macro dynamics of the Chinese bond market. NNR municipalities could also have

been more exposed to other contemporaneous shocks facing the Chinese credit and bond

market which underwent several regulatory changes during our sample period following

an increase in default events. These changes included a forceful push for a more e�cient

bankruptcy regime (Li & Ponticelli, 2022), and an intensi�ed scrutiny of risky �nancing

activities, in particular the 2018 New Regulations on Asset Management introduced to

contain the growth of the shadow banking industry. As documented in Geng & Pan

(2024), the New Regulations led to a substantial increase in the SOE premium { i.e.

the di�erence in spreads between bonds issued by non-SOE vs SOE. These events are

unlikely to have any signi�cant confounding e�ects in our analysis. First, all bonds in our

sample are issued by local governments, which are SOEs. Second, we conduct a robustness

test in which we restrict our analysis to MCBs with AAA-rating, the top grade in the

Chinese bond market, for which default was not a concern. The working assumption of
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this exercise is that bonds with the same top-notch rating should be similarly a�ected by

contemporaneous reforms aimed at reducing systematic risk in the bond market. This

robustness test is reported in Table A8. The results obtained with the sub-sample of

AAA-rated bonds are smaller in magnitude relative to the full-sample results (0.25 vs

0.19), but remain close to 20 basis points and statistically signi�cant.

5 Mechanisms

The GSA initiative imposed on local governments to relocate or dismantle unautho-

rized activities (e.g., mining, power generation, tourism) established within NNRs, leading

to a possible decline in economic outputs and public revenue sources. In addition, relo-

cation and compensation for unregistered residents, the removal of illegal constructions,

and the remediation of ecology on illegally occupied land within the NNRs, necessitated

signi�cant public spending. Because local governments were the main cost bearers of this

reform, the overall biodiversity transition cost therefore is expected to be factored into

the MCB pricing. Next, we present �ndings of heterogeneous e�ects that provide sugges-

tive evidence favoring this mechanism. We also discuss alternative explanations for the

in
uence of GSA on the �nancing activities of local governments.

5.1 Pre-existing Economic Activity within NNRs

For the implementation and assessment of GSA, the primary regulatory focus is the

existence of unauthorized economic activities within the NNRs. Thus, cities with more

economic activities within NNRs before the introduction of GSA are likely to face greater

pressures for transition, and thus a larger increase in MCB spreads. We test this mecha-

nism using two proxies for pre-existing human activity: the level of developed land and

nightlight luminosity within NNRs.

Developed land within NNRs. To identify developed land, we use remote sensing

data from the MODIS-IGBP program, which classi�es land cover types into forest, grass-

land, farmland, wetland, urban built-up land, water bodies, and glaciers. We use urban

built-up land and farmland to capture developed land within NNRs.

We classify cities into three categories: NNR municipalities in the top quartile of the

distribution of developed land area within NNRs in 2016, NNR municipalities not in the

top quartile of the distribution of developed land area within NNRs in 2016, and non-

NNR municipalities. Panel A of Figure 5 illustrates the unconditional dynamics in MCB

spreads over time for these three categories. In the pre-GSA period, the trends of MCB

spreads across all three groups are close to each other. However, following GSA, MCB

spreads began to diverge. NNR municipalities with the largest developed land within

NNRs experienced the greatest surge in MCB spreads, followed by NNR municipalities
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with less developed land within NNRs, and then non-NNR municipalities. This pattern

is consistent with the idea that GSA imposed a more signi�cant impact on cities with

larger economic activities within NNRs.

Table 5 reports a formal test of these heterogeneous e�ects by augmenting Equation (1)

with a triple interaction of NNR � Post with a dummy capturing the top quartile of eco-

nomic activity within NNRs, plus the additional required terms of the triple-di�erence

model (omitted from the table).30 Column (1)-(2) show that the estimated coe�cients

of the triple interaction term are positive, statistically signi�cant, and larger in magni-

tude than the single interactionNNR � Post. This indicates that NNR municipalities

with larger pre-existing developed areas within NNRs experienced a greater impact from

GSA. This �nding aligns with the notion that cities with more economic activities within

NNRs before GSA were more likely to face increased public �nancing costs, since the

market concerns more about the anticipated burden of local governments on biodiversity

conservation in these regions.

Nighttime luminosity within NNRs. We also utilize nighttime luminosity as an

alternative measure for human economic activities.31 Speci�cally, we employ the raster

data constructed by Zhanget al. (2021) and calculate the total nighttime light intensity

within the boundary of NNRs as of 2016. We again classify cities into three categories:

NNR municipalities in the top quartile of the distribution of nighttime light intensity

within NNRs in 2016, NNR municipalities not in the top quartile of the distribution of

nighttime light intensity within NNRs in 2016, and non-NNR municipalities. Panel B of

Figure 5 plots the dynamics of MCB spreads in three groups. Columns (3)-(4) of Table 5

report the results of formal regression tests. We �nd that estimates based on nighttime

light intensity consistently con�rm that cities with more ex-ante economic activities within

NNRs face greater transition pressure from GSA.

5.2 Public Spending on Biodiversity

While cross-sectional heterogeneity in ex-ante transition pressure provides insights into

the �nancial market's expectations, a key issue still lies in whether and how much local

governments have made concrete e�orts in biodiversity conservation. We have introduced

examples of how local governments governed NNRs following GSA in Section 2.2. We

30 As standard in the triple-di�erence approach, we include the triple interaction term, three dual inter-
action terms, and three single terms in the regression in Equation (1) and all heterogeneity tests, with
some potentially absorbed by �xed e�ects.

31 It is worth mentioning that there are potential measurement errors of nighttime luminosity to proxy
economic activities. Light sources outside NNRs may have spillover e�ects, while several types of
human activity are also rarely done on a large scale at night (e.g., crop planting). These issues are
merely faced by the measurement of land cover. Thus, we suggest exercising caution in interpreting the
result of light grouping. It is more suitable as a robustness test for studying the pre-existing economic
activities within NNRs and transition pressures from GSA.
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now quantify the impact of GSA on spending in biodiversity conservation.

The main challenge with estimating these e�ects is the lack of available data on the

exact allocation of �scal resources across di�erent projects. In particular, we cannot

disaggregate speci�c portions of the local government budget dedicated to biodiversity

conservation, especially when it comes to general items such as salaries of civil servants

responsible for nature reserves, compensation for resettlement of indigenous communities

and businesses, and other associated taxes. Despite the di�culty in precisely identifying

the amount paid by municipalities to rectify violations identi�ed by GSA, we estimate the

spending via public procurement contracts, which are publicly disclosed and have been

used in prior studies (Berajaet al., 2023). These contracts provide insights into thedirect

public investments in protecting biodiversity, which we can assume to co-move with the

aforementioned indirect �scal parts such as salaries and costs associated with relocation.

Identifying NNR contracts. Data on public procurement contracts are sourced from

the China Government Procurement website, maintained by the Ministry of Finance.

We de�ne NNR contracts as the ones explicitly mentioning the name of an NNR and

the term \reserve" (translated as \baohuqu" in Chinese). This is achieved via textual

analysis. For instance, a contract for \Remote Monitoring Facility Project of Heixiazi

Island National Nature Reserve" would be considered an NNR contract as it includes

both the NNR name \Heixiazi Island" and the term \reserve" in its content. After

removing duplicates, we identify 2,682 NNR contracts from 2015 to 2021.32 Next, we

manually obtain the amounts for each contract. Out of 2,682 NNR contracts, 2,635 had

information on recorded amounts.

Analyzing NNR contracts. According to the textual analysis explained above, the

purchasers in NNR contracts are all from NNR municipalities, as each NNR contract is

explicitly associated with a speci�c NNR. Non-NNR municipalities have no obligation to

cover NNR expenses, and they indeed have a government procurement amount of zero

for all years in our datasets. Therefore, we cannot conduct a standard DID estimation.

Instead, we directly aggregate all contract amounts by year for the unconditional trend.

Figure 6 illustrates the changes in the proportion of the total pecuniary value of NNR

contracts relative to that of all public procurement contracts in China. In the two years

prior to the implementation of GSA (i.e., 2015 and 2016), the share of NNR contracts

remained relatively stable. However, following GSA, the proportion of NNR contracts

gradually increased year by year, reaching around 0.03% in 2021, about 2.3 times larger

compared to the pre-GSA period. This gradual increase trend is also consistent with the

bond spread trend we observed in the dynamics pattern of Figure 4. Speci�cally, when

GSA began in 2017, local o�cials might fail to promptly undertake actions in response

32 We provide three examples of NNR contracts in Appendix B.1.
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to the �rst-round inspection due to time constraints or adopt a wait-and-see attitude. As

GSA gradually became a regular regime rather than a campaign-style regulatory mea-

sure after 2018, and as local governments gradually carried out rei�cation and monitoring

work on NNRs, NNR contracts increased. Overall, the evidence that emerges by analyz-

ing government procurement contracts shows a signi�cant rise in speci�c parts of �scal

spending associated with biodiversity preservation after the introduction of GSA. This

provides additional evidence supporting the mechanism of pricing biodiversity transition

costs through which GSA a�ects local public �nancing costs.

5.3 Local Public Creditworthiness

To further corroborate the channel, we also examine whether the GSA-driven transi-

tion costs exacerbated the local public creditworthiness. In practice, Chinese local gov-

ernments have seldom issued special �nancing instruments with clearly de�ned sources

of repayment funds for nature reserves. Instead, general �scal budgets account for most

investments in biodiversity. In our sample, no MCB is issued explicitely for biodiversity

conservation. Thus, MCB investors may pay exclusive attention to the overall credit

condition of the city government behind the MCB.

Local �scal conditions. We start by examining whether GSA worsened local �scal

conditions. We calculate local �scal de�cit as the di�erence between �scal expenditure

and revenue, normalized by �scal revenue. Greater government de�cits typically indicate

a poorer capacity for public debt repayment. We construct a city-year panel for the

period 2013-2021 and test the e�ects of GSA on local �scal de�cit. We include year and

city �xed e�ects, as well as baseline city-level controls. Panel A of Table 6 reports the

results. The di�erence between NNR municipalities and non-NNR municipalities in terms

of �scal de�cits signi�cantly increased, suggesting that local �scal conditions deteriorated

following GSA.33

Local public debt burden. We also utilize cross-sectional variations in the pressure for

local public debt repayment to explore the market's expectations of the default probability

for MCBs. Theoretically, given the expected costs to comply with GSA, cities with higher

(ex-ante) public debt burdens are more likely to face �nancial distress and challenges in

servicing their bonds. Conversely, cities with low public debt burdens may still possess

su�cient funds to safeguard the bondholders' interests. Therefore, in terms of pricing,

MCB spreads of the former regions would increase more than those of the latter.

We construct two measures of the local public debt burden. In China, all entities

requesting authorization to issue a corporate bond in a given year are required to disclose

33 We calculate �scal de�cits following Connolly (2018) and Bhambhwani et al. (2021) and verify in
unreported tests the robustness to alternative speci�cations.
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their liabilities for the current year and (at least) the three previous years. In addition,

during the outstanding period of MCBs, the issuer should also publicly reveal its liability

terms on a regular basis. Following Huanget al. (2020), we perform a conservative

calculation of the debt of LGFVs with bond outstanding, and aggregate LGFVs' total

debts and interest-bearing debts to the city-year level. The city-year aggregate measures

are then divided by the corresponding city's GDP in that year. We de�ne a dummy

variable, High debt burden, which equals one if a city's level of public debt burden is in

the top quartile of the distribution for the year before the bond trade and zero otherwise.

Panel B of Table 6 presents the estimates from fully interacted models which include

the interaction of each of the two measures ofHigh debt burdenwith our baseline treat-

ment indicator. The coe�cients of the triple interaction term are positive, precisely esti-

mated, and larger in magnitude than the interaction between NNR municipalities and the

Post-GSA dummy. This indicates that the e�ect of GSA on MCB spreads is signi�cantly

larger for cities with high initial levels of debt burden. This result further corroborates

the notion that there is a concern about the heightened risk of a MCB default from MCB

investors following GSA.

Bond term structure. The recovery of biodiversity within NNRs and the generation

of its sustained social bene�ts are likely to necessitate a long-time horizon. However,

the transition costs associated with GSA already emerge in the short run. Thus, if

the additional increase in public �nancing costs in NNR municipalities was driven by

investors' concerns over transition costs, the pricing e�ects should be more pronounced

on short-term MCBs.

To explore this heterogeneity in the bond term structure, we examine the e�ects of

GSA on MCB spreads across di�erent levels of bond time to maturity. The term structure

cuto� is set as 3 years or 4 years depending on the test. As described in Section 3.2,

the maturity of credit bonds issued in the Chinese market is shorter than that in the

U.S. market. In our sample, both the mean and median of residual maturity of MCB

observations fall within the range of 3 and 4 years. Table 7 shows that both long-term

and short-term MCBs are impacted by GSA, although the e�ect is larger for short-term

bonds.

5.4 Alternative Explanations for Public Financing Activities

Increase demand for �nancing by local governments. An alternative channel

through which GSA could contribute to the widening of the MCB spreads is by exerting

greater upward pressure on the demand curve of NNR municipalities. We examine the

impact of GSA on the amount of local public �nancing based on the speci�cation in

Panel A of Table 6. Table A9 reports the e�ects on (1) the probability of new MCB

issuance, (2) the amount of new MCB issuance, (3) the growth rate of total local public
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debts, (4) the growth rate of local public interest-bearing debt. The latter two metrics

are measured in a way consistent with the methodology in Section 5.3. We �nd noisy

and non-signi�cant e�ects on outcomes capturing new local public borrowing. This result

suggests that even though local governments' demand for funds was growing after GSA,

there was a constrained willingness of MCB investors to provide capital due to concerns

about the creditworthiness of the NNR municipalities. The latter e�ect might have played

a role in determining the amount of �nancing available to these municipalities, driving up

the MCB risk premium.

Local political risk. As outlined in Section 2.2, GSA holds o�cials accountable for

negligence, which might a�ect the political turnover (the ex-post perspective) and change

the promotion incentive for o�cials (the ex-ante perspective). For instance, in the \Qilian

Mountain Incident," the area under the jurisdiction of Zhangye City recorded the most

violations. Following the inspection by the central government, Shengwu Mao, the former

municipal secretary of the CPC in Zhangye, and Zeyuan Huang, the incumbent mayor of

Zhangye, received a severe warning within the party, which primarily meant they would

not be allowed to be promoted to higher positions for a minimum period of one and a half

years. It is also worth noting that the punishment one level higher than a severe warning

leads to dismissal.

From some MCB investors' perspective, GSA adds evaluation requirements for local

o�cials, which possibly creates additional political risk. Thus, the perceived rise in risk

premium could be attributed to the market's concern about the stability of the local

political environment. To explore this mechanism, we �rst study changes in the positions

of the municipal secretary of the CPC and the mayor, two primary leaders in Chinese

city governments. Again, using the city-year-level speci�cation in Panel A of Table 6,

we �nd no signi�cant e�ects of GSA on local political turnover (Panel A of Table A10).

We also employ a triple di�erence speci�cation to study whether the impact of GSA is

di�erent during the �rst two complete years of the leading o�cial's term. Prior studies

reveal that o�cials in the early stages of their term (i.e., the �rst two years) tend to have

weaker political incentives, compared with their more established counterparts (Buntaine

et al., 2024). Intuitively, during the late stage of their term, o�cials have limited leeway

to incur penalties such as severe warnings that in
uence their promotion prospects for

several years. As presented in Panel B of Table A10, we do not observe signi�cant

heterogeneity across di�erent stages of o�cials' tenures. Overall, these �ndings suggest

that the potential increase in local political risk is unlikely to be driving the pricing e�ect

of GSA in the MCB market.
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6 Biodiversity Improvement, Investor Valuation, and Policy

The preceding discussion has focused on the negative �nancial impact of GSA. How

about its biodiversity impact? Has GSA merely raised concerns or genuinely improved

local biodiversity as intended by Beijing? Either way, do bond investors think about

biodiversity at all? We discuss and empirically investigate these questions in what follows.

6.1 Impact of GSA on Biodiversity

Because the observation of biological systems is more complicated than physical sys-

tems, there have been no reliable and widely accepted metrics to measure the performance

of biodiversity �nance (Karolyi & Tobin-de la Puente, 2023). Nor are there currently com-

plete panel statistics on various species at a �ne geographical level in China. As a proxy

for biodiversity, we focus on examining changes occurring in a particular animal group {

birds { as we can access two speci�c datasets that capture the dynamics of bird species in

China. Birds are an important indicator group for biodiversity due to their wide-ranging

habitat and sensitivity to the environment.

Our primary dataset is from the China Bird Report Center (CBRC), the leading

Internet bird data recording and sharing platform. The data structure of the CBRC

resembles that of the eBird Reference Dataset, a citizen science dataset containing reports

from users with detailed descriptions of their birdwatching trips, as well as the species

of birds observed. We construct panel data of birdwatching activities at the city-quarter

level from 2015 to 2021, using reports uploaded to the CBRC. We exclude the city-quarter

observations with no birdwatching report, and then empirically explore the e�ects of GSA

on the number of bird species observed through our baseline speci�cation.

The results are reported in Table 8. As shown in Column (1), following GSA, more

bird species are reported in NNR municipalities compared to non-NNR municipalities.

Although the records from voluntary observation activities cannot convincingly represent

the actual status of local wildlife, it seems reasonable to assume that the more abundant

the bird population, the more likely it is to be observed. Therefore, the results are at

least consistent with the notion that local biodiversity bene�ted from endeavors made by

the government on biological conservation through the enforcement of GSA. Furthermore,

Columns (2) and (3) show that the intensity of birdwatching activities had no signi�cant

change around GSA, evidenced by the number of reports and reporters. This allevi-

ates the plausible concern that the increase in bird species observed could be driven by

more attention from birdwatchers in NNR municipalities compared to that in non-NNR

municipalities after GSA.

We also use data from the bird monitoring information system of the Chinese National

Ecosystem Research Network (CNERN), an information-sharing platform constructed by

the Ministry of Science and Technology, integrating resources of multiple existing �eld

25



observation and research stations. Speci�cally, the data on birds are summarized from

eleven forest ecological stations that conduct a systematic survey of birds every �ve years

in the corresponding areas.34 Since these stations are all located in NNR municipalities, we

cannot employ a DID estimation and only perform descriptive statistics at the time series

level. Figure A4 shows that the number of bird species surveyed declined substantially

in the �rst �fteen years of this century, but recovered following GSA. Although it is only

suggestive evidence, this pattern is consistent with the poor management of NNRs before

GSA and some real positive e�ects of this reform on biodiversity.

In addition to bird watching data, we attempt to measure the impact of the GSA

on local biodiversity using the International Union for Conservation of Nature's Red List

of Threatened Species (IUCN Red List) database, a leading source on global species

extinction risk. This database includes information on over 163,000 species, with spatial

data available for 83% of such species starting from 2017 (IUCN, 2022). We use the

IUCN Red List data to construct a measure of number of \potentially observed" species

in each location for the years 2017 and 2022. For each Chinese city, we calculate the

average number of species across the grid cells within the city's administrative boundaries.

Number of species include amphibian, bird, and mammal species. Notice that we only

have information on number of species from the IUCN in 2017, which we consider as

pre-GSA period, and 2022, which we consider as post-GSA period.

The results are reported in Table A11. We �nd that NNR municipalities experience

a signi�cantly larger increase in the number of potentially observable species between

2017 and 2022, consistent with positive real e�ects of GSA on local biodiversity. The

magnitude of the estimated coe�cient in Column (1) indicates a 4.6% larger increase in

number of species in NNR municipalities relative to the average number observed in non-

NNR municipalities in the baseline year 2017 (260 species). In Column (2) of Table A11

we use as outcome variable the city ranking in number of species within China (where a

lower number indicates a higher ranking). As shown, NNR municipalities gain on average

10 positions in the ranking of Chinese cities based on number of species.

6.2 Investors' Learning Through GSA

Our previous discussions focus on mechanisms related to investors' concerns about

the transition costs. However, it is possible that some investors' decisions are motivated

by non-pecuniary values (Starks, 2023). Suppose that in the MCB market there are a

considerable number of investors who really care about biodiversity value for the sake of

their non-pecuniary preference. However, they know little about the actual situation of

NNRs, probably due to high information acquisition costs (e.g., conducting �eld visits

34 The stations are: Ailao Mountain Station, Beijing Forest Station, Banna Station, Changbai Moun-
tain Station, Dinghu Mountain Station, Gongga Mountain Station, Heshan Station, Huitong Station,
Maoxian Station, Qingyuan Station, Shennongjia Station.
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and measuring biodiversity). In that case, the announcement of GSA plays a role in

delivering delayed information on the poor management of biodiversity within NNRs.

The main reactions of these impact investors to GSA may not be any appreciation of

the governments' forthcoming e�orts, but may be blames on local authorities for past

negligence and incurred biodiversity loss. Under this assumption, the existence of a large

number (or a few but well-capitalized) impact investors would further increase local public

�nancing costs.

The role of information asymmetry is critical for this channel to work. If impact

investors can keep up to date with the situation of NNRs, GSA o�ers little new information

and does not trigger signi�cant incentives to punish NNR municipalities. As an imperfect

proxy for this channel, we collect newspaper coverage of NNRs fromWiseNews, a leading

Chinese newspaper aggregator. We measure the degree of information availability by

whether any NNR was covered by the top 10 newspapers (by average circulation) in

2016. As shown in Table A12, NNR municipalities with di�erent levels of information

asymmetry associated with their own NNRs saw similar increases in MCB spreads around

GSA, compared to non-NNR municipalities. Furthermore, the information e�ect of GSA

ought to gradually weaken over time, which is inconsistent with the pattern presented in

Figure 4. In a nutshell, the heightened premium observed around GSA does not seem to

be driven by information updating of impact investors that care about biodiversity.

6.3 Investors' Value Versus Values

We now consider an alternative channel through which preferences for biological well-

being may in
uence the MCB markets. Investors may signi�cantly reward NNR munic-

ipalities that demonstrate e�ective ecological improvements. This mechanism is crucial

for rethinking how sustainable �nance works. Although the net e�ect of GSA reveals a

prevailing market apprehension about the costs incurred by ecological transition, favor-

able investment strategies that focus on biodiversity improvements as a declared objective

could mitigate the increase in the public cost of capital, thereby bene�ting social welfare.

To test this channel, we construct a municipality-level proxy of observed biodiversity

improvement around the introduction of GSA. We categorize the birdwatching data in-

troduced in Section 6.1 into two phases: from January 2015 to June 2017, and from July

2017 to December 2021. For each NNR municipality, we aggregate the number of bird

species reported, subsequently calculating the corresponding changes from the pre-GSA

to the post-GSA period. Then, we compare the e�ect of GSA on bond spreads in the

top quartile of NNR municipalities, which exhibit a substantial increase in bird species

observed around GSA, with other NNR municipalities. To enhance robustness, we use

changes in the number of species from 2017 to 2022, based on the IUCN Red List data

described in Section 6.1, as an alternative measure of biodiversity improvements. The

results presented in Table A13 reveal that these NNR municipalities with greater im-
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provements in local biodiversity did not experience a lower rise in MCB spreads. The role

of pricing conservation costs behind biodiversity enrichment seems to dominate.

In addition, cross-sectional tests on ex-ante information asymmetry associated with

NNRs discussed in Section 6.2 also indicate an insigni�cant impact of incentives to reward

e�orts on protecting biodiversity. Speci�cally, if NNRs with higher biological value are

more likely to be covered by newspapers, then NNR municipalities with more NNR news

should have access to more favorable �nancing. This assumption implies the same sign

of heterogeneity across municipalities with di�erent levels of NNR news coverage as that

under the hypotheses of punishment for dereliction and concern for biodiversity loss.

However, as discussed in Section 6.2, Table A12 shows very small di�erences associated

with ex-ante media attention on NNRs. Moreover, the social bene�ts of biodiversity

restoration ought to become more evident in the long run, while the positive e�ects of

GSA on spreads of long-term MCBs presented in Table 7 further indicate that valuing

biodiversity does not play a dominant role in the �nancial market.

These �ndings suggest the absence of impact investments that favor ecological enhance-

ment in the MCB market. In early 2024, Nobel Laureate Michael Spence emphasized the

empowerment of consumers, urging them to discern and support companies that prioritize

climate change as a fundamental aspect of their business strategy.35 Our �ndings sug-

gest that, in the context of biodiversity conservation | a similar issue of signi�cance to

social and environmental well-being |, there may still remain a signi�cant gap between

conceptual understanding and action.

6.4 Aggregate Financing Costs

We propose a back-of-the-envelope calculation of the additional �nancing costs for

LGFVs with outstanding MCBs, as a way to assess the aggregate �nancing costs of GSA.

Speci�cally, we compute the interest-bearing debts of LGFVs and, subsequently, the rises

in interest payments caused by GSA. We examine how these additional �nancing costs

changed from 2013 to 2021 and how much GSA contributed to this change.

As depicted in Figure 7, the debt cost escalated following the GSA implementation:

public �nancing costs (the solid red line) began to rise substantially in 2018 and reached

approximately US 120 billion dollars in 2021.

To compute the counterfactual debt servicing costs for Chinese municipalities in the

absence of GSA we proceed as follows. First, we estimate a version of Equation (2) in

which observations are weighted by the initial level of outstanding debt in each munici-

35 The concepts related to societal and environmental well-being implied by the lecture also ap-
plies to biodiversity conservation (see more details in: https://etinsights.et-edge.com/
ai-looms-india-thrives-nobel-laureate-michael-spence-on-navigating-a-fractured-world/ ).
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pality. 36 Weighting municipalities by their debt size allows us to obtain estimates of the

e�ect of NNRs on spreads that are representative of the aggregate Chinese economy rather

than of the average municipality in our sample. Next, for each NNR municipality and

year, we compute the counterfactual spread they would have faced in the absence of an

NNR by subtracting the estimated coe�cients in the �rst step from the observed spread.

Finally, we multiply the counterfactual spread by the level of debt of each municipality

and sum across all municipalities to obtain the aggregate counterfactual �nancial cost.

Counterfactual �nancing costs in the absence of GSA are represented by the dashed

blue line reported in Figure 7. The gap between actual and counterfactual �nancing costs

has been increasing year by year since the introduction of GSA. In total, the additional

LGFV interest payments incurred by GSA from 2018 to 2021 amounted to approximately

40 billion dollars.

Recent estimates by Deutzet al. (2020) indicate that the gap between the funding

needs and the actual funding available to preserve biodiversity at the global level (or

biodiversity �nancing gap) is approximately 711 billion dollars per year. If countries

were to share such biodiversity spending in proportion to their share of global species,

China would need to spend 45.5 billion dollars per year on protecting biodiversity (see

Table A15). However, these estimates do not take into account the extra �nancing costs

associated with biodiversity conservation, which in the case of GSA in China account for

11.33%, 17.95%, and 29.57% of the total costs (45.5 billion dollars) in 2019, 2020, and

2021, respectively.37 This suggests that, in practice, the cost of protecting biodiversity is

higher than what is implied by simply considering the direct investment in conservation.

Empirical evidence from GSA indicates that indirect costs related to changes in the cost

of capital can be of signi�cant magnitude, and scholars and policymakers should not

overlook them in designing global biodiversity conservation frameworks.

7 Conclusion

We study the relationship between biodiversity conservation and its cost imposed on

the public �nancing of governments. In particular, we exploit the Green Shield Action

(GSA) in China as a shock to local �nancial and �scal burdens and study market re-

sponses in the municipal corporate bond (MCB) markets. Evidence indicates that cities

with National Nature Reserves (NNRs) experienced greater increases in the general public

36 Speci�cally, the weighting factor in practice is the city-level average value of LGFV interesting-bearing
debts from 2013 to 2016. We also conduct a robustness test using the weighted least square (WLS)
approach to estimate Equation (1) and still observe a statistically signi�cant increasing e�ect of GSA
on MCB spreads (see Table A14).

37 We also calculated the biodiversity �nancing gap allocated to China based on its share of global land
area (GDP). We found that the additional interest payments brought by GSA as a percentage of the
biodiversity investment demand for the respective years 2019-2021 were 0.55% (3.99%), 23.19% (8.77%),
and 43.08% (16.30%).
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borrowing costs after the implementation of GSA. The e�ects come from the transition

pressure from pre-existing economic activities within NNRs and increased public spending

on biodiversity following the policy. These constraints and costs worsen local �scal con-

ditions, amplifying investors' concern about the probability of local government default.

Our �ndings cannot be explained by the level of �nancing demand of local govern-

ments, heightened political risk, or related information disclosure. We also �nd that,

although the GSA improved biodiversity, MCB investors are not considering these eco-

logical values when making investment decisions, nor are they �nancially punishing cities

revealed with more environmental degradation. Finally, we provide a conservative esti-

mate of the additional public �nancing costs GSA has incurred. Given China's abundant

natural capital, economic scale, and representative biodiversity, as well as the global na-

ture of biodiversity challenges, our �ndings provide valuable initial benchmarks for future

research and practice.

Our work likely has several policy implications applicable in general settings. First,

estimating the �nancing gap for biodiversity conservation requires considerations beyond

direct investments for biodiversity transition. It needs to account for any additional costs

in the �nancial market. Thus, our study is informative given the current global accelera-

tion of biodiversity loss and the urgent need for collective e�orts to save natural capital.

Second, we provide insights into how investors' lack of internalization of the (long-run)

environmental bene�ts of government policies may hinder sustainable development goals.

Policymakers must consider the reactions of �nancial markets when formulating relevant

policies for sustainable development. More detailed disclosure, dedicated �nancing vehi-

cles, and promotions for the social recognition of biodiversity value constitute key steps

in reversing the trend of nature capital loss.
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Figures and Tables

Figure 1: Development of Nature Reserves and Important Relevant Events in China

Notes: This �gure illustrates the number (right axis) and area (left axis) of national nature reserves (NNRs) in China from 1956 to 2022. Important
policies are also marked with arrows in the corresponding year.
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Figure 2: The Geographical Distribution of NNRs at the City Level

Notes: This �gure illustrates the number of national nature reserves (NNRs) in each city in
China as of 2016. The regional boundaries are delineated down to the city level. The legend
depicts the range of the number of NNRs corresponding to each color depth.
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Figure 3: The Dynamics of MCB Spreads over Time

Notes: This �gure depicts the raw pattern of average MCB spreads and 95% con�dence interval
for NNR municipalities and non-NNR municipalities. MCB spread is calculated as the di�erence
between the MCB yield and CDB yield on the same day and of the same maturity. The solid
vertical line represents the time when the Green Shield Action (GSA) was launched.
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Figure 4: Changes in MCB Spreads Before and After GSA

Notes: This �gure depicts the estimated di�erences in MCB spreads between NNR munic-
ipalities and non-NNR municipalities before and after GSA. The markers and capped spikes
represent the OLS estimators and 95% con�dence intervals. The dependent variable is the MCB
spread, calculated as the di�erence between the MCB yield and CDB yield on the same day and
of the same maturity. The dashed vertical line represents the time when GSA was launched.
The reference is the second quarter of 2017. The regression follows Equation (2). The standard
errors are clustered at the city level.
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Figure 5: The Dynamics of MCB Spreads over Time: Pre-existing
Economic Activities within NNRs

Notes: Panel A of this �gure depicts the average MCB spreads and 95% con�dence interval for
cities in three groups: NNR municipalities in the top quartile of the distribution of developed
land area within NNRs in 2016, NNR municipalities not in the top quartile of the distribution
of developed land area within NNRs in 2016, and non-NNR municipalities. Panel B of this
�gure depicts the average MCB spreads and 95% con�dence interval for cities in three groups:
NNR municipalities in the top quartile of the distribution of nighttime light intensity within
NNRs in 2016, NNR municipalities not in the top quartile of the distribution of nighttime light
intensity within NNRs in 2016, and non-NNR municipalities. For both panels, MCB spread is
calculated as the di�erence between the MCB yield and CDB yield on the same day and of the
same maturity. The solid vertical line represents the time when GSA was launched.
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Figure 6: The Dynamics of Public Procurement on National Nature
Reserves over Time

Notes: This �gure illustrates the trend of the proportion of the pecuniary value of public
procurement on national nature reserves to that of total public procurement from 2015 to 2021.
The red dots represent the proportion, the solid red line represents the trend, and the solid
vertical line represents the year of GSA initiation.
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