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Abstract
This paper estimates the effect of the closure and relocation of chemical enterprises along 
the Yangtze River on housing prices in China. With a difference-in-differences (DiD) 
model and detailed data on polluting enterprises, house transactions, and environmental 
complaints, we find that environmental regulation led to a 1.7% increase in housing prices 
and a 43.3% reduction in perceived environmental risks, as measured by environmental 
complaints from surrounding residents. In addition, we observe a greater change in 
property values among taller buildings than among shorter buildings. This paper elucidates 
how developing countries can benefit from environmental regulation by influencing 
residents’ risk perceptions.
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1  Introduction

In 2017, based on an unprecedented determination to enhance environmental protection, 
the Chinese government promulgated a policy mandating the closure or relocation of 
chemical enterprises along the Yangtze River. The provinces affected by this policy 
accounted for more than 40% of the national total population and GDP. This implies that 
conducting a benefit analysis for this extensive environmental policy is crucial for the 
welfare of the majority of people in China, the largest developing country. The modern 
hedonic property value model is a premier approach for measuring the benefits of a 
change in environmental amenities (e.g., air quality, park proximity, and environmental 
risks) resulting from environmental regulation (Palmquist and Smith 2002; Bishop et  al. 
2020). This situation occurs primarily because homebuyers select properties based on 
housing characteristics and the risks associated with location-specific amenities, such as 
environmental risks. Therefore, environmental risks are considered environmental (dis)
amenities that could influence residential real estate decisions. In general, environmental 
risks could reduce housing prices in the vicinity (Kim et  al. 2003; Hansen et  al. 2006; 
Tang et al. 2018). However, actual environmental risks do not affect housing prices unless 
residents perceive such risks themselves (Freybote and Fruits 2015; Tanaka and Zabel 
2018; Bernstein et al. 2019).

In fact, the public faces several barriers to accessing information and knowledge 
related to environmental risks (Greenstone and Jack 2015; Barwick et al. 2019); thus, not 
every individual can perceive environmental risks in practice. When a person has a lower 
perception of environmental risk in a given area, even if the actual environmental risk is 
at a much higher level than that perceived by him or her, he or she might have a relatively 
greater willingness to pay for housing in that area than a fully informed person. This 
indicates that perceived environmental risks, rather than actual environmental risks, affect 
housing transactions. However, the measurement of perceived environmental risks often 
encounters difficulties in terms of identification and data acquisition.

By using environmental complaints to measure residents’ perceptions of environmental 
risks, we examine the “environmental risk perception” channel through which 
environmental regulation affects residential real estate decisions. Several researchers have 
investigated the effect of risk perception on residents’ behavior and found that residents 
who perceive a greater number of risks are more motivated to take risk-mitigation steps 
than those who perceive fewer risks (Ban et  al. 2017; Wang et  al. 2019; Dawson 2018; 
Libarkin et  al. 2018; Wang et  al. 2020a, b). We interpret environmental complaints 
as proxies for perceptions of environmental risk. Residents can protest environmental 
deterioration or suggest solutions to environmental authorities via letters, emails, complaint 
hotlines, or related websites (Zhang et  al. 2017). Environmental complaints generally 
indicate changes in residents’ perceptions of environmental concerns in their surroundings.

Empirical studies have extensively examined the impact of environmental regulation 
on housing prices in developed countries, including environmental regulations regarding 
air pollution (Chay and Greenstone 2005; Bento et  al. 2015), hazardous waste sites 
(Greenstone and Gallagher 2008; Gamper-Rabindran and Timmins 2013), contaminated 
lands (Haninger et al. 2017), information disclosure (Mastromonaco 2015; Frondel et al. 
2020), and plant openings and closings (Currie et al. 2015; Farah et al. 2019). Research on 
the relationship between plant locations and housing prices has shown that the proximity 
of houses to plants negatively affects property values (Blomquist 1974; Nelson 1981; Davis 
2011), consistent with the greater perceived environmental risk in locations closer to plants. 
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Several studies have shown that plant closures or relocations can reduce the degree of local 
environmental risk and increase the WTP among potential buyers of houses around plants, 
thus leading to an increase in housing prices (Deng et al. 2020). However, plant closures 
or relocations may also fail to affect housing prices due to persistent visual disamenities, 
local contamination concerns, or expectations that the plants will reopen. Therefore, plants 
continue to negatively influence housing prices even after they cease operations (Currie 
et al. 2015; Hite et al. 2001). Although the different conclusions drawn from these studies 
all have reasonable explanations, the underlying reasons for these inconsistent findings call 
for a more in-depth discussion.

In this paper, we estimate the effect of the closure and relocation of chemical enterprises 
along China’s Yangtze River on housing prices. In 2017, the Ministry of Ecology and 
Environment (MEE) of China enacted a regulation to close or relocate chemical enterprises 
within one kilometer of the Yangtze River to reduce the degree of environmental risk. 
Using a difference-in-differences (DiD) model and detailed data on polluting enterprises 
and housing transactions, we find that the closure and relocation of chemical enterprises 
led to a 1.7% increase in property value and that the aggregate benefit was approximately 
7 billion CNY (approximately 1 billion USD). We also directly estimate the impact of this 
environmental regulation on residents’ risk perceptions using environmental complaint 
data. We find that the number of environmental complaints from surrounding residents 
decreases by a statistically significant 43.3% after the closure and relocation of enterprises, 
suggesting that residents’ degree of perceived risk decreases, which in turn contributes to 
an increase in housing prices. Furthermore, we observe positive capitalization exclusively 
in areas where the number of environmental complaints has decreased, and the positive 
capitalization effect arises primarily from improvements in air pollution. Moreover, we find 
a larger change in property values among taller buildings than among shorter buildings.

This paper contributes to the literature on environmental regulation and housing 
prices in two ways. First, by evaluating residents’ perceptions of environmental risks, we 
explain how the closure and relocation of chemical enterprises drive up housing prices. In 
the hedonic framework, variation in environmental amenities (e.g., environmental risks) 
resulting from environmental regulation can be capitalized into housing prices, but doing 
so requires the existence of the strict premise that environmental risks can be perceived by 
homebuyers. However, there is a gap between actual environmental risk and that perceived 
by homebuyers, and not every individual can observe or perceive actual environmental risk 
due to incomplete information (Barwick et al. 2019; Hino and Burke 2021); additionally, 
estimates of the demand for environmental quality that assume full information may be 
significantly underestimated (Madajewicz et  al. 2007; Jalan and Somanathan 2008; Tu 
et  al. 2020). Although perceived environmental risks, rather than actual environmental 
risks, affect housing transactions, the measurement of the “environmental risk perception” 
channel often suffers from difficulties in terms of identification and data acquisition. Our 
study adopts a distinct approach to assessing environmental risk perception, in contrast 
to Davis (2004), who evaluated perceived risk through the cumulative count of leukemia 
cases and the number of newspaper articles referencing “leukemia”. We provide a more 
direct measurement by using the main way by which the public responds to perceived 
environmental risks, namely, environmental complaints about polluting activities, as 
a proxy for residents’ perceptions of environmental risks. We find that housing prices 
increase only in areas where the number of environmental complaints has decreased, 
suggesting that housing prices respond to changes in perceived environmental risks and 
not to legislation or to plant closures that do not improve perceived environmental quality. 
Therefore, we contribute to the literature by providing further evidence that plant closure 
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capitalizes positively only when closing leads to an improvement in environmental risk 
perception. These findings could inform the interpretation of papers that have not observed 
positive capitalization, such as Hite et  al. (2001), Greenstone and Gallagher (2008), and 
Currie et al. (2015).

As a second insight, we provide rigorous and comprehensive empirical evidence 
regarding the impact of environmental regulation on housing prices in the largest 
developing country, China, complementing the current body of literature, which is largely 
limited to the United States and Europe (Greenstone and Gallagher 2008; Gamper-
Rabindran and Timmins 2013; Farah et al. 2019). With two exceptions, Deng et al. (2020) 
and Mei et al. (2021) investigate the effect of environmental regulation on housing prices 
in a single Chinese city. Unlike previous hedonic studies, our study focuses on large-scale 
environmental regulation, which has the potential to impact a substantial population. 
This study provides crucial guidance for the formulation and benefit assessment of 
environmental policies in developing countries. By precisely connecting the geographic 
locations of chemical enterprises and houses, we are able to accurately identify those 
houses exposed to corporate environmental risks.

The remainder of this paper is organized as follows. Section  2 provides background 
information on the closure or relocation policy of chemical enterprises within one 
kilometer of the Yangtze River in China. Section 3 describes the empirical strategy and 
data used. Section 4 presents the main results and heterogeneity analyses. In Sect. 5, we 
conduct several robustness checks. Finally, Sect. 6 concludes the paper.

2 � Background

2.1 � Environmental Risks of the Yangtze River

The provinces along the Yangtze River cover an area of approximately 2.05 million square 
kilometers, with a population and GDP exceeding 40% of the national total. However, the 
degree of environmental risk in the Yangtze River Economic Belt is enormous, as indicated 
by the following two facts.

First, there were approximately 15,000 chemical enterprises in the Yangtze River 
basin before 2017, posing numerous environmental and safety concerns. Safety and 
environmental risk issues are important considerations in the chemical industry (Wang 
et  al. 2017). According to relevant reports, there were 28 chemical explosion accidents 
and 82 chemical explosion deaths in China in 2018 (Wang et al. 2020b). Therefore, there 
are many potential safety hazards along the Yangtze River. At the same time, the Yangtze 
River serves as a pivotal waterway for China’s heavy industry, including the energy, 
chemical, and metallurgy sectors. The annual throughput of hazardous chemicals in ports 
along the Yangtze River has reached 170 million tons, with more than 250 different types 
of chemicals, and the transportation volume continues to grow at an annual average rate of 
nearly 10%.1 Therefore, there has been an increase in the degree of environmental risk due 
to the leakage of hazardous chemicals and shipping traffic accidents.

Second, chemical firms in the Yangtze River basin emit a substantial amount of harmful 
pollutants into the environment each year, accounting for 40% of the nation’s total chemical 

1  See “the Yangtze River Economic Belt Ecological and Environmental Protection Plan”, https://​www.​mee.​
gov.​cn/​gkml/​hbb/​bwj/​201707/​t2017​0718_​418053.​htm.

https://www.mee.gov.cn/gkml/hbb/bwj/201707/t20170718_418053.htm
https://www.mee.gov.cn/gkml/hbb/bwj/201707/t20170718_418053.htm
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sector emissions.2 In addition, the Yangtze River Economic Belt has a substantial amount 
of highly intense pollution discharge, with emission intensities per unit area for chemical 
oxygen demand, ammonia nitrogen, sulfur dioxide, nitrogen oxides, and volatile organic 
compounds being 1.5 to 2 times the national average. The Yangtze River Economic Belt 
discharges more than 40% of the total wastewater discharged throughout the country, which 
causes severe water pollution and even negatively affects the safety of drinking water 
because the Yangtze River now provides drinking water for almost 500 million people 
(Chen et al. 2018).

2.2 � Chemical Enterprise Closure and Relocation Policy

Over the past several years, the Chinese government has paid close attention to the issues 
of ecological and environmental protection (Liu et al. 2017, 2021; Wang et al. 2018; He 
et al. 2020). In September 2013, President Xi Jinping proposed an idea, translated as “lucid 
waters and lush mountains are invaluable assets”, which aims to strengthen the degrees 
of ecological protection and management of major rivers such as the Yangtze River 
and Yellow River, as well as important lakes and wetlands. On this basis, the Chinese 
government has implemented unprecedented measures to address pollution in the Yangtze 
River.

The MEE, National Development and Reform Commission, and Ministry of Water 
Resources jointly issued the Yangtze River Economic Belt Ecological and Environmental 
Protection Plan in July 2017, which requires the closure or relocation of chemical 
enterprises located within one kilometer of the Yangtze River. Translations of the 
relevant paragraphs of the policy document are provided in Appendix 1. Numerous strict 
requirements are outlined in the policy for the evaluation and assessment of the closure or 
relocation of chemical enterprises. To ensure effective policy implementation, the MEE, 
together with the State Council and local governments, conducted midterm and final 
assessments of the implementation of the policy at the end of 2018 and 2020, respectively. 
Appendix 2 provides the translations of those documents used by local governments for 
policy implementation. According to the press conference held by the MEE in March 
2021, by the end of 2020, 80% of the enterprises listed in the plan had completed their 
rectification tasks. Furthermore, more than 8000 chemical enterprises in 27 cities along the 
river were closed or relocated.3

During the sample period of this paper, the policy was still in the process of being 
implemented. However, changes in housing prices often depend on homebuyers’ 
expectations for the future (Hanushek and Quigley 1979; Kiefer 2011). Although policy 
implementation is not yet complete, such a policy may lead to new expectations among 
potential homebuyers that the environmental risks along the Yangtze River will be reduced 
in the future once the policy begins to be implemented, thus increasing the demand for 
houses along the Yangtze River. Then, under the influence of market forces, housing prices 
increase.

2  See “Blue Book of Ecological Governance: China’s Ecological Governance Development Report (2020–
2021)”.
3  See http://​www.​gov.​cn/​xinwen/​2021-​03/​30/​conte​nt_​55968​31.​htm.

http://www.gov.cn/xinwen/2021-03/30/content_5596831.htm
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3 � Method

Applying the difference-in-differences (DiD) method to rich data on chemical enterprises, 
housing transactions and environmental complaints, we identify how the closure and relo-
cation of chemical enterprises along the Yangtze River affect housing prices in China.

3.1 � Empirical Strategy

In the literature on the hedonic model, environmental regulation may reduce the degree of 
environmental risk owing to individuals living near polluted sites (Greenstone and Gal-
lagher 2008). Unlike previous research that has focused on the impact of objective vari-
ation in environmental risks on housing prices, this paper accounts for individual percep-
tions of environmental risks, which is a crucial determinant of the purchase decisions of 
homebuyers. Therefore, by measuring residents’ perceptions of environmental risks and 
how they are affected by environmental regulations, we examine the impact of risk percep-
tions on residential real estate decisions.

To solve the endogeneity problems caused by unobservable factors, we use differ-
ences in the spatial distance between polluted areas and houses to construct the treat-
ment and control groups for this study. The assumption is that geographically adjacent 
houses have similar location characteristics and that the only difference between them is 
whether they are affected by pollution (we conduct a parallel trends test to ensure that 

Fig. 1   Spatial distribution of chemical enterprises within 1 km of the Yangtze River. Notes: This figure pre-
sents the spatial distribution of chemical enterprises within one kilometer of the Yangtze River. The details 
at the bottom right show the section of the Yangtze River that flows through Yichang and Jingzhou (two 
cities in China’s Hubei Province)
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this assumption is satisfied in Sect. 4.2). Using the DiD approach, we compare changes 
in property values and the levels of perceived environmental risk of the public along the 
Yangtze River before and after the policy with the corresponding changes in the control 
group.

Specifically, as shown in Fig. 1, 401 chemical enterprises (those that must close or 
move after being affected by the policy) are identified based on their longitude and lati-
tude information. Considering the distance over which toxic pollutants diffuse (Currie 
et al. 2015), we consider the area near the enterprise and located within two kilometers 
of the Yangtze River as the polluted area (dark gray area in Fig. 3). Figure 3 depicts the 
area polluted by a single enterprise and clusters of multiple enterprises. If there are no 
other enterprises within one kilometer of the river, then we define the polluted area as 
the 2-km-by-2-km area with a single enterprise as the center. In the case of clusters of 
multiple enterprises, the areas polluted by different enterprises are combined into a sin-
gle polluted area. The treatment group is composed of houses in polluted areas, and the 
control group is composed of houses in more distant areas (light gray areas in Fig. 3). 
Our baseline specification specifies a control group that is 2–3 km away from the Yang-
tze River. A robustness check is conducted using houses with distances between 2 and 
4 km, 2 and 5 km, and 2 and 6 km from the river as the control group in Appendix 3. A 
total of 14,359 houses are identified within polluted and more distant areas, for a total of 
55 polluted areas.

To investigate the impact of the closure and relocation policy for chemical enter-
prises within one kilometer of the Yangtze River on the perceived environmental risk 

Fig. 2   Spatial distribution of houses in 27 cities along the Yangtze River. Notes: This figure shows the spa-
tial distribution of houses in 27 cities along the main stream of the Yangtze River. The details at the bottom 
right show the section of the Yangtze River that flows through Yichang and Jingzhou (two cities in China’s 
Hubei Province)
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of the public, this paper uses the number of environmental complaints about polluting 
activities as a proxy for residents’ perceptions of environmental risks. This proxy is 
used because when residents have greater perceptions of environmental risks, they are 
more likely to file environmental complaints. Such complaints can help protect indi-
viduals’ environmental interests and mitigate their perceived risks (Wang et al. 2020a), 
which in turn can also reflect the level of perceived environmental risks. A total of 6767 
complaints are identified within the 55 polluted areas and the more distant areas where 
housing transactions occurred. Among the 27 cities along the Yangtze River, the pol-
luted areas along the Yangtze River are selected as the treatment group, and the more 
distant areas away from the riverside are selected as the control group. Using the differ-
ence in the number of environmental complaints received by the reported object of the 
polluted areas in the treatment group and those of the more distant areas in the control 
group before and after the policy, we evaluate the impact of the policy on the perceived 
environmental risks of the public.

3.2 � Empirical Model

To analyze the impact of the closure and relocation policy for chemical enterprises within 
one kilometer of the Yangtze River on property values, we construct the following DiD 
model:

(1)ln(Priceit) = �Treati × Postt + �Xit + �t + �c + �it

Fig. 3   Polluted areas and more distant areas. Notes: This figure shows the polluted areas (dark gray) and 
more distant areas (light gray). The treatment group consists of houses in polluted areas, and the control 
group consists of houses in more distant areas between 2 and 3 km from the Yangtze River
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where i indexes the house and t indexes the period (month). ln(Priceit) is the logarithm of 
the average transaction price per square meter. Treati is the treatment group dummy vari-
able. For houses in polluted areas (treatment group), Treati = 1 ; for houses in more distant 
areas (control group), Treati = 0 . The time dummy variable Postt equals 1 after the closure 
and relocation policy for chemical enterprises within one kilometer of the Yangtze River 
was issued (July 2017); otherwise, it equals 0.4 The coefficient � on the interaction term 
between Treati and Postt is the causal effect of interest. � measures the difference between 
the change in property values for the treatment group and the corresponding change for the 
control group before and after policy implementation. Xit is a series of control variables 
at the house level, including the living area, house age, floor (the floor of the house), total 
floors (the total number of floors in a building), house layout, decoration, and orientation. 
We mitigate the effects of time-invariant and time-variant confounding factors by control-
ling for neighborhood fixed effects �c and time fixed effects �t . �it is the random error term.

Furthermore, to estimate whether the policy of closing and relocating chemical 
enterprises within one kilometer of the Yangtze River affects the degree of perceived 
environmental risk of the public, we construct the following DiD model:

where d indexes the area, t indexes the period (month), and Complaintdt is the number 
of environmental complaints. Treatd is the treatment group dummy variable. For polluted 
areas (treatment group), Treatd = 1 ; for more distant areas (control group), Treatd = 0 . Postt 
equals 1 after the policy was issued (July 2017); otherwise, it equals 0. The coefficient � on 
the interaction term between Treatd and Postt is the DiD effect on which this paper focuses. 
� measures the difference between the change in the number of environmental complaints 
for the treatment group and the corresponding change for the control group before and after 
the policy. We control for area fixed effects �d and time fixed effects �t . �dt is the random 
error term.

3.3 � Data Sources

3.3.1 � Chemical Enterprise Data

We obtain data on chemical enterprises from China’s Key Emission Units List (CKEUL), 
which is screened by governments according to local environmental quality improvement 
requirements and the environmental risks of local enterprises. CKEUL includes enterprises 
with a large degree of environmental risk, such as large amounts of pollutant emissions 
and emissions of toxic and hazardous pollutants. The data contain detailed information on 
a variety of enterprise characteristics, including enterprise name, enterprise address, and 
an enterprise’s industrial classification. We use Baidu and Gaode maps (the most widely 
used and most trusted maps in China) to obtain the exact geographic coordinates of the 
enterprises. With this information, we are able to determine the location of each chemical 
enterprise, enabling us to identify which chemical enterprises are located within one kilo-
meter of the Yangtze River, as environmental regulation requires such enterprises to close 
or relocate. Figure 1 shows the spatial distribution of those chemical enterprises within one 
kilometer of the Yangtze River.

(2)Complaintdt = �Treatd × Postt + �t + �d + �dt

4  We lack information that is more granular regarding each enterprise’s timing of closure/relocation to 
carry out a Callaway-Santanna staggered DiD analysis.
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3.3.2 � Housing Transaction Data

The housing data in this paper come from the second-hand housing transaction data owned 
by Lianjia, Shell and Anjuke (the largest real estate companies in China). The data include 
more than 400,000 housing transactions in 27 cities along the main stream of the Yangtze 
River from January 2016 to July 2019 (from 18  months before to 24  months after the 
policy was implemented). Figure  2 shows the spatial distribution of houses in 27 cities 
along the main stream of the Yangtze River. The data include information on the date 
of the transaction, total price, average price, name of the neighborhood,5 address, living 
area, house age, floor (the floor of the house), total floors (the total number of floors in 
a building), house layout, orientation and decoration. We use Baidu and Gaode maps to 
obtain the longitude and latitude of the houses. Based on this information, we use ArcGIS 
to filter out a total of 14,359 houses located in polluted and more distant areas from a pool 
of more than 400,000 houses.

3.3.3 � Environmental Complaint Data

To measure the degree of perceived environmental risk of the public, we use the public’s envi-
ronmental complaints about polluting activities as a proxy. The environmental complaint data, 
which are unique nonpublic data, come from the records of the “12369” national eco-envi-
ronmental complaint and reporting platform set up by the MEE to facilitate the collection of 
public complaints. To solve outstanding environmental problems, the MEE officially opened 
the “12369” environmental complaint and reporting hotline in June 2009.6 Since this hotline 
was established much earlier than the sample period of this paper, the impact of the learning 
effect of a new tool on the number of complaints can be excluded. When citizens discover 
environmental pollution or ecological damage, they can complain through the “12369” plat-
form, as this is the main channel for complaints. There are many ways in which to complain: 
residents can contact the “12369” hotline, complain through WeChat (the largest social media 
platform in China) or complain online. Environmental complaints require the complainant to 
clearly specify the address or name of the subject of the complaint. When the name of the sub-
ject is unclear, it is permissible for an individual to file a complaint based solely on a specific 
location. Therefore, residents’ complaints about firms will not be terminated if the firms are 
closed or relocated. If abandoned firm facilities continue to annoy nearby residents, then they 
can still file environmental complaints about these firm locations. In general, environmental 
complaints are a good indicator of changes in residents’ perceptions of environmental risks. 
The data contain more than 20,000 complaints for each year and include the time of the com-
plaint, its object, its content, etc. Due to data privacy issues, we do not have the addresses of 
the complainants, but we have information on those enterprises about which complainants are 
complaining. Then, we use Baidu and Gaode maps to obtain the exact geographic coordinates 
of these enterprises. In our study, we count the number of environmental complaints at the 
area-month level.

5  In China, a neighborhood is a gated apartment complex containing strictly controlled entrances for pedes-
trians, bicycles, and automobiles and often characterized by a closed perimeter of walls and fences.
6  See http://​www.​gov.​cn/​wszb/​zhibo​330/​conte​nt_​13327​47.​htm.

http://www.gov.cn/wszb/zhibo330/content_1332747.htm
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3.4 � Summary Statistics

Table 1 shows the descriptive statistics for the variables. During the sample period, the aver-
age transaction price for a house is 8075 CNY per square meter, and 0.88 complaints are 

Table 1   Summary statistics

This table reports the summary statistics for the variables. The number of complaints is calculated at the 
area-month level. Complaintless is a dummy variable that equals one if the number of environmental 
complaints in the polluted area decreases after the policy. Given the limited space, the categories for total 
floors (the total number of floors in a building), house layout and orientation listed in the above table are the 
most frequently observed categories, but there are some categories that are not listed

Variable Obs Mean SD Min Max

Average transaction price (CNY) 9792 8075.29 3541.19 1477 47,087
Living area (square meter) 9792 100.86 35.53 27 463.36
Number of complaints 4644 0.88 2.64 0 18
Complaintless 42 0.31 0.47 0 1

Variable Obs Rate (percent)

House age
(1) House age < 10 years 3556 36.32
(2) 10 years ≤ House age < 15 years 2942 30.04
(3) House age ≥ 15 years 2616 26.72
Decoration
(1) Exquisite decoration 5411 55.26
(2) Others 1631 16.66
(3) Rough housing 1259 12.86
(4) Simple decoration 1221 12.47
(5) Luxury decoration 270 2.76
Floor
(1) Middle floor 2343 23.93
(2) High floor 2083 21.27
(3) Low floor 1784 18.22
Total floors
(1) 6 floors 1190 12.15
(2) 7 floors 1095 11.18
(3) 33 floors 600 6.13
(4) 18 floors 434 4.43
House layout
(1) 3 rooms, 2 halls, and 2 bathrooms 1693 17.29
(2) 3 rooms, 2 halls, and 1 bathroom 1372 14.01
(3) 2 rooms, 2 halls, and 1 bathroom 1334 13.62
Orientation
(1) North‒south 3588 36.64
(2) South 1946 19.87
(3) Southeast 223 2.28
(4) East 195 1.99
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reported on average per area per month. The average living area is 101 square meters. The 
overall distribution of housing ages is uniform, and there are slightly more houses that are less 
than ten years old. Exquisite decoration is the largest decoration type category. The distribu-
tions of the floor (the floor of the house), total floors (the total number of floors in a building), 
house layout, and orientation are also presented in Table 1.

4 � Results

In this section, we begin by reporting the main results. We then conduct a parallel trend 
test. The next section discusses the “environmental risk perception” channel through which 
environmental regulation affects housing prices. In the last part, we conduct heterogeneity 
analyses.

4.1 � Main Results

If consumers value the environmental quality of the neighborhood where they plan to 
reside, then we should expect an increase in housing prices near the Yangtze River. The 

Table 2   Effects of the closure 
and relocation of chemical 
enterprises on property values

This table reports the regression results from estimating Eq.  (1). We 
use transaction-level data, and the dependent variable is the logarithm 
of the average transaction price per square meter. In Columns (1)-
(2), we control for neighborhood fixed effects and month fixed 
effects. In Column (3), we control for neighborhood fixed effects and 
county-by-month fixed effects. In Columns (2)-(3), we add housing 
characteristics as control variables. These characteristics include 
the living area, house age, level of decoration, floor, total floors, 
house layout, and orientation. Standard errors are clustered at the 
neighborhood-month level. *p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: log of average 
transaction price per square meter

(1) (2) (3)

Treat × Post 0.054*** 0.057*** 0.017***

(0.008) (0.007) (0.006)
Living area -0.196*** -0.190***

(0.014) (0.013)
House age Yes Yes
Decoration Yes Yes
Floor Yes Yes
Total floors Yes Yes
House layout Yes Yes
Orientation Yes Yes
Neighborhood FE Yes Yes Yes
Month FE Yes Yes
County-by-month FE Yes
Observations 9792 9792 9610
R-squared 0.896 0.934 0.952
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overall effect of the closure and relocation of chemical enterprises on housing prices along 
the Yangtze River is evaluated through a DiD design following Eq.  (1). The regression 
results for Eq. (1) are shown in Table 2. Column (1) of Table 2 controls only for neighbor-
hood fixed effects and month fixed effects, whereas Columns (2) to (3) add housing charac-
teristics as control variables. These characteristics include the living area, house age, level 
of decoration, floor, total floors, house layout, and orientation. Considering the possible 
temporal trend in regional housing prices, we control for county-by-month fixed effects 
in Column (3). Table 2 shows that the coefficient on Treati × Postt is always positive and 
statistically significant.7 Following the implementation of the policy to close and relocate 
chemical enterprises within one kilometer of the Yangtze River, the property values along 
the Yangtze River increased significantly. Thus, the closure and relocation policy for chem-
ical enterprises within one kilometer of the Yangtze River reduces the degree of environ-
mental health risk of exposure to pollution in houses near those chemical enterprises and 
increases housing prices through capitalization. According to the results in Column (3), 
after chemical enterprises along the Yangtze River are closed or moved, housing prices 
increase by a statistically significant 1.7%. Notably, the regression coefficient is based 
on the strict assumption that the prices of houses two kilometers away from the Yangtze 
River are not affected by the policy. In fact, if the housing prices in the control group also 
increase due to the closure and relocation policy, then the estimated impact reported in this 
paper would be a lower bound.

4.2 � Parallel Trend Test

The identification assumption of DiD estimation is the existence of parallel trends 
between the treatment and control groups; that is, the treatment and control groups should 
exhibit similar time trends. Considering that one cannot test or directly observe whether 
the parallel trends assumption is satisfied, we rely on the existence of parallel pretrends 
as suggestive evidence that the assumption would hold. To examine the pretrends in the 
treatment and control groups, we construct the following event study model:

where Periodt is a series of dummy variables. Periodt equals 1 if the transaction occurs 
in month t and 0 otherwise. The other variables have the same definitions as those in 
Eq. (1). Figure 4 shows the results of the parallel pretrends test. Taking July 2017 as the 
base period, it is evident that there are no statistically significant differences in housing 
prices between the treatment and control groups before the policy. In the period following 
policy implementation, i.e., from August 2017 to July 2019, the coefficients �t are positive 
and statistically significant, suggesting that the policy of closing and relocating chemical 
enterprises within one kilometer of the Yangtze River has a sustained positive impact on 
housing values.

(3)ln(Pr iceit) =

t=43
∑

t=1,t≠19

�tTreati × Periodt + �Xit + �t + �c + �it

7  To show that the results are not sensitive to the selection of the control group, we use alternative distance 
ranges to define the control group, namely, 2–4 km, 2–5 km, and 2–6 km. The results presented in Table C1 
in Appendix C indicate that the coefficients are still statistically significant after expanding the range of the 
control group, indicating that our main results are robust to changes in the distance of the houses in the con-
trol group from the Yangtze River.



1074	 X. Fan et al.

1 3

4.3 � Environmental Risk Perception Channel

As discussed above, there is a gap between actual environmental risks and those perceived 
by homebuyers. The factors that truly affect housing transactions, however, are perceived 
environmental risks, which have not been measured well in the literature. Therefore, 
this section examines “environmental risk perception” as the channel through which 
environmental regulation may affect housing prices.

We hypothesize that the closure and relocation of chemical enterprises reduce the 
degree of perceived environmental risk, thus further expanding local housing demand 
and leading to an increase in housing prices. To test this hypothesis, we use the number 
of environmental complaints about polluting activities as a proxy for environmental risk 
perceptions because the public is more likely to file environmental complaints when the 
degree of perceived environmental risk is greater (Wang et al. 2020a).

4.3.1 � Difference‑In‑Differences Estimates

We begin with a difference-in-differences (DiD) model to examine whether the public’s 
perceived environmental risks are affected by the closure and relocation of chemical enter-
prises along the Yangtze River. The regression results for Eq.  (2) are shown in Table 3. 
In Column (1), we control for area fixed effects and month fixed effects. Considering the 
possible temporal trend in regional environmental complaints, we control for province-
by-month fixed effects, city-by-month fixed effects and county-by-month fixed effects in 
Columns (2) to (4), respectively. The coefficients on Treatd × Postt are all negative and sta-
tistically significant, which shows that after the implementation of the policy to close and 
relocate chemical enterprises, the number of environmental complaints in polluted areas 
along the Yangtze River decreased significantly relative to those in more distant areas. The 
results indicate that the policy significantly reduces the degree of perceived environmental 

Fig. 4   Parallel pretrend test of property values in the treatment and control groups. Notes: This figure pre-
sents the coefficients and 95% confidence intervals for Treat

i
× Period

t
 interactions from Eq. (3)
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risk.8 According to the regression results in Column (4), the number of environmental 
complaints decreases by 0.463 per month, which accounts for approximately 43.3% of the 
average number of monthly complaints prior to the policy (the average number of monthly 
complaints prior to the policy is 1.07).

Therefore, we provide suggestive evidence that our findings of a positive price premium 
are likely attributable to the reduction in the degree of perceived environmental risk fol-
lowing the closure and relocation of chemical enterprises, which is reflected in the 43.3% 
reduction in the number of environmental complaints from surrounding residents.

4.3.2 � Triple‑Difference Estimates

We further examine the “environmental risk perception” channel through which environ-
mental regulation may affect housing prices. If it is true that the “environmental risk per-
ception” channel leads to a change in housing prices, then housing prices in areas with 
greater decreases in residents’ degree of risk perception experience larger increases. To test 
this hypothesis, we add Treat × Post × Complaintless to Eq. (1). Complaintless is a dummy 
variable that indicates whether there has been a reduction in the number of environmental 
complaints in the polluted areas in which the house is located after policy implementa-
tion. Specifically, we calculate the number of environmental complaints of each polluted 
area before and after policy implementation, followed by the associated changes. Consider-
ing the different lengths of sample periods before and after the policy (18 months before 

Table 3   Effects of the closure 
and relocation of chemical 
enterprises on perceived risks

This table reports the regression results from estimating Eq.  (2). We 
use area-month-level data, and the dependent variable is the number 
of environmental complaints. In Column (1), we control for area 
fixed effects and month fixed effects. In Column (2), we control for 
area fixed effects and province-by-month fixed effects. In Column 
(3), we control for area fixed effects and city-by-month fixed effects. 
In Column (4), we control for area fixed effects and county-by-month 
fixed effects. Standard errors are clustered at the region-month level. 
*p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: number of 
environmental complaints

(1) (2) (3) (4)

Treat × Post -0.463*** -0.463*** -0.463*** -0.463***

(0.110) (0.114) (0.122) (0.133)
Area FE Yes Yes Yes Yes
Month FE Yes
Province-by-month FE Yes
City-by-month FE Yes
County-by-month FE Yes
Observations 4644 4644 4644 4644
R-squared 0.502 0.568 0.623 0.674

8  The result remains when treatment takes place at the county level. Among 27 cities along the Yangtze 
River, 132 counties along the Yangtze River are selected as the treatment group, and 116 counties away 
from the riverside are selected as the control group. The regression results for the DiD estimation are shown 
in Table C2 in Appendix C.
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the policy and 24 months after the policy), to enhance the comparability of environmen-
tal complaints in a polluted area before and after the policy, we standardize the number 
of complaints after the policy by multiplying the cumulative complaints over the subse-
quent 24 months by 3/4. Therefore, the change in the number of complaints for each pol-
luted area before and after the policy is calculated as the cumulative complaints over the 
initial 18  months before the policy minus 3/4 multiplied by the cumulative complaints 
over the subsequent 24 months after the policy. If the house is located in a polluted area 
with a reduction in the number of environmental complaints, then the dummy variable 
Complaintless is equal to 1; otherwise, it is equal to zero.

The regression results are shown in Table  4. In Column (2), the coefficient on 
Treat × Post × Complaintless is 0.025 and statistically significant, which means that hous-
ing prices increase by a statistically significant 2.5% in areas where the number of environ-
mental complaints decreases compared to areas where they do not. We find that capitaliza-
tion is greater in areas with a reduction in the number of environmental complaints than in 
other areas with no reduction in environmental complaints, implying that housing prices 

Table 4   Heterogeneous 
capitalization effects by the 
change in risk perception

This table reports the regression results after adding the interaction 
to Eq.  (1). We use transaction-level data, and the dependent variable 
is the logarithm of the average transaction price per square meter. We 
add housing characteristics as control variables. These characteristics 
include the living area, house age, level of decoration, floor, total 
floors, house layout, and orientation. In Column (1), we control for 
neighborhood fixed effects and month fixed effects. In Column (2), 
we control for neighborhood fixed effects and county-by-month fixed 
effects. In theory, all individual terms of the triple-difference variable 
(Treat, Post, Complaintless, Treat × Post, Treat × Complaintless, 
Post × Complaintless, Treat × Post × Complaintless) need to be 
included in the model. Considering that Treat × Complaintless, 
Treat, and Complaintless are absorbed by neighborhood fixed effects 
and Post is absorbed by county-by-month fixed effects, we have 
not included these variables in the regression. Standard errors are 
clustered at the neighborhood-month level. * p < 0.10, **p < 0.05, 
***p < 0.01

Dependent variable: log of 
average price per square 
meter

(1) (2)

Treat × Post × Complaintless 0.034*** 0.025**

(0.013) (0.012)
Treat × Post 0.011 0.006

(0.008) (0.007)
Post × Complaintless 0.125*** 0.000

(0.011) (.)
Control Yes Yes
Neighborhood FE Yes Yes
Month FE Yes
County-by-month FE Yes
Observations 9786 9603
R-squared 0.939 0.952



1077The Green Premium: Environmental Regulation, Environmental…

1 3

in areas with greater decreases in residents’ degree of risk perception experience greater 
increases. Therefore, we provide suggestive evidence that our findings of a positive capital-
ization effect are likely attributable to the reduction in the degree of perceived environmen-
tal risk. The results also indicate that the policy only capitalizes if it leads to fewer environ-
mental complaints, suggesting that the expectations of future environmental improvements, 
ceteris paribus, do not capitalize while present environmental improvements do.

4.3.3 � Instrumental Variable (IV) Estimates

In the estimation regarding environmental complaints, the DiD estimation reveals a causal 
relationship between environmental regulation and risk perceptions but does not directly 
examine the impact of environmental risk perceptions on housing prices. Although the tri-
ple-difference estimation reveals that housing prices in areas with greater decreases in resi-
dents’ degree of risk perception experience greater increases, it is unable to examine the 
extent to which residents’ perceived risks affect property value. In this section, to directly 

Table 5   Effects of environmental 
risk perceptions on property 
values

This table reports the regression results from IV estimates. We use 
transaction-level data, and the dependent variable is the logarithm of 
the average transaction price per square meter. Column (1) reports 
the first-stage results, and Column (2) reports the IV estimates of 
the effect of environmental risk perceptions on property values 
using the environmental regulation shock as the IV. We control for 
neighborhood fixed effects and county-by-month fixed effects. We 
add housing characteristics as control variables. These characteristics 
include the living area, house age, level of decoration, floor, total 
floors, house layout, and orientation. Standard errors are clustered at 
the neighborhood-month level. * p < 0.10, **p < 0.05, ***p < 0.01

(1) (2)
First stage Second stage

Complaint ln (Price)

Treat × Post -0.786***

(0.215)
Complaint -0.0216**

(0.00908)
Living area 0.105 -0.187***

(0.111) (0.0132)
House age Yes Yes
Decoration Yes Yes
Floor Yes Yes
Total floors Yes Yes
House layout Yes Yes
Orientation Yes Yes
Neighborhood FE Yes Yes
County-by-month FE Yes Yes
Kleibergen‒Paap F-stat 13.395
Observations 9603 9603
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identify the causal relationship between residents’ perceived risks and housing prices, we 
analyze how property values respond to plausibly exogenous shocks to those environmen-
tal risk perceptions that are tied to policy changes. We leverage these quasi-experimental 
research designs to derive a causal relationship between environmental risk perceptions 
and property values using the instrumental variable (IV) approach.

The exclusion restriction of IV estimation is that the policy-driven shock influences 
housing prices only through changes in environmental risk perceptions that are captured 
by the measure of the number of environmental complaints. Our research design lever-
ages regulatory policy to implement a quasi-experiment in which residents’ environmental 
risk perceptions experience a negative shock, as estimated by the DiD model in Eq.  (2). 
Here, we go a step further and ask how exogenous changes in environmental risk percep-
tions affect house prices. Table 5 summarizes the results. Column (1) reports the first-stage 
result, which shows that environmental regulation shock reduces the level of environmental 
risk perceptions. Column (2) shows that with a one-unit decrease in the number of monthly 
environmental complaints in areas, house prices within these areas increase by a statisti-
cally significant 2.1%. Therefore, we find evidence of the negative effects of environmental 
risk perceptions on housing prices.

4.4 � Heterogeneity Analyses

To explore the underlying mechanisms that explain the changes in property values, we con-
duct heterogeneity analyses in this section.

4.4.1 � Heterogeneous Capitalization Effects by Changes in Air Pollution

According to the hedonic property value model, buyers choose properties based on housing 
attributes and location-specific amenities (e.g., air quality, park proximity, education, and 
degree of environmental risk). In the absence of market frictions, improvements in ameni-
ties triggered by environmental regulations are expected to be capitalized into property val-
ues, which means that houses with greater degrees of improvement in residents’ perceived 
environmental risks experience greater degrees of positive capitalization. To explore the 
underlying mechanisms that explain the improvement in perceived environmental risk and 
the capitalization effect resulting from chemical enterprise closure and relocation policy, 
we examine whether the positive capitalization effect arises from improvements in air pol-
lution or water pollution.

Wind direction provides us with opportunities to identify the heterogeneous capi-
talization effects by changes in pollution. Since the dispersal of atmospheric pollutants is 
affected by wind direction, houses located downwind of polluted areas are exposed to more 
severe air pollution than those located upwind before policy implementation. If the capital-
ization effect arises primarily from improvements in air pollution, then we should be able 
to observe houses located downwind of polluted areas experiencing more positive capitali-
zation. Conversely, if the capitalization effect arises primarily from improvements in water 
pollution, then both upwind and downwind houses experience positive capitalization and 
do not exhibit a significant difference in their degrees of capitalization.
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To explore the underlying mechanisms, we categorize the houses in the sample into two 
groups, upwind houses and downwind houses, which we define based on the location of 
the polluted areas, the location of the houses, and major wind directions. Specifically, we 
calculate the angle formed by the connection between a polluted area and a house as well 
as the wind direction. In this paper, houses corresponding to an angle within the range of 
0–90° are defined as downwind houses, and houses corresponding to an angle within the 
range of 90–180° are defined as upwind houses. The results are presented in Table 6. The 
closure and relocation policy for chemical enterprises within 1 km of the Yangtze River 
significantly increases the value of downwind houses by 2.6%, while the value of upwind 
houses does not change significantly. This finding shows that the positive capitalization 
effect arises primarily from improvements in air pollution. Therefore, the chemical enter-
prise closure and relocation policy improves air pollution, leading to a decrease in the 
degree of perceived environmental risk, which in turn boosts property value.

Table 6   Heterogeneous 
capitalization effects by changes 
in air pollution

This table reports the regression results from estimating Eq.  (1). 
We use transaction-level data, and the dependent variable is the 
logarithm of the average transaction price per square meter. Column 
(1) focuses on downwind houses, and Column (2) focuses on upwind 
houses. We define a house as downwind or upwind based on the angle 
formed by the connection between the polluted area and the house 
as well as the wind direction. Specifically, a house corresponding to 
an angle within the range of 0–90° is defined as a downwind house, 
and a house corresponding to an angle within the range of 90–180° is 
defined as an upwind house. We add housing characteristics as control 
variables. These characteristics include the living area, house age, 
level of decoration, floor, total floors, house layout, and orientation. 
We control for neighborhood fixed effects and county-by-month fixed 
effects. Standard errors are clustered at the neighborhood-month level. 
*p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: log of average 
transaction price per square meter

(1) (2)

Downwind Upwind

Treat × Post 0.026*** 0.008
(0.008) (0.008)

Living area -0.186*** -0.208***

(0.015) (0.021)
House age Yes Yes
Decoration Yes Yes
Floor Yes Yes
Total floors Yes Yes
House layout Yes Yes
Orientation Yes Yes
Neighborhood FE Yes Yes
County-by-month FE Yes Yes
Observations 4642 4923
R-squared 0.950 0.946
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4.4.2 � Heterogeneous Capitalization Effects by Building Height

It is unclear whether heterogeneity in housing attributes affects the degree to which hous-
ing prices increase. Building height is an important property attribute. To investigate 
whether housing prices change differently across buildings of different heights, we divide 
the sample into two groups based on the median total floors for all houses, namely, shorter 
buildings and taller buildings. The results are shown in Columns (1) to (2) in Table 7. The 
closure and relocation policy for chemical enterprises within 1 km of the Yangtze River 
increases the value of taller buildings by a statistically significant 2%, while the value of 
shorter buildings does not change significantly. This finding shows that environmental 
quality changes capitalize in taller buildings but not in shorter buildings.

A possible explanation for this difference is that it stems from differences in the views 
associated with building height. In general, taller buildings usually offer superior views, 
and a better perspective of an ecologically improved river would enhance capitalization. 
Even if the residents of these buildings cannot see the river, residents of taller buildings 
have better views than residents of shorter buildings, and these views improve as air quality 
improves due to the policy, which would also result in greater capitalization of environ-
mental quality changes in taller buildings.

Table 7   Heterogeneous 
capitalization effects by total 
floors

This table reports regression results from estimating Eq.  (1). We use 
transaction-level data, and the dependent variable is the logarithm of 
the average transaction price per square meter. Column (1) focuses 
on shorter buildings, and Column (2) focuses on taller buildings. 
We define a building as shorter or taller based on the median total 
floors for all the houses in our sample period. The regression models 
include neighborhood fixed effects and county-by-month fixed effects. 
Standard errors are clustered at the neighborhood-month level. 
*p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: log of average 
transaction price per square meter

(1) (2)

Shorter buildings Taller buildings

Treat × Post -0.005 0.020**

(0.012) (0.009)
Living area -0.272*** -0.176***

(0.028) (0.033)
House age Yes Yes
Decoration Yes Yes
Floor Yes Yes
Total floors Yes Yes
House layout Yes Yes
Orientation Yes Yes
Neighborhood FE Yes Yes
County-by-month FE Yes Yes
Observations 2705 3116
R-squared 0.946 0.939
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5 � Robustness Checks

5.1 � Eliminating the Influence of Distance‑Related Factors

In the benchmark regression, the treatment and control groups are selected based on their 
distance from the Yangtze River. It is possible that the positive effect on housing prices 
identified in the benchmark regression is caused by unobservable factors associated with 
distance. Moreover, a small number of enterprises may have relocated to the vicinity of 
the control group, which may bias our estimates. To ensure the reliability of the regression 
results, we use an alternative strategy in which we select only houses within one kilometer 
of the river. The distribution of the houses in the treatment and control groups is shown 
in Fig. 5. With the enterprise as the center of the area, the houses within one kilometer of 
the upper and lower reaches of the Yangtze River compose the treatment group (dark gray 
area), while those within 1–2 km of the enterprise compose the control group (light gray 
area).

The results are shown in Table 8. According to the results in Column (1), after chemi-
cal enterprises along the Yangtze River are closed or moved, housing prices increase by a 
statistically significant 3.9%, which means that the impact of environmental regulation on 
property values is robust, even after the effect of distance-related factors is removed.

Fig. 5   Treatment areas and control areas within 1 km of the Yangtze River. Notes: This figure shows the 
treatment areas (dark gray areas) and control areas (light gray areas) within 1 km of the Yangtze River
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5.2 � Excluding Noncommercial Houses

In China, there are several types of housing: commercial houses, villas, government-guar-
anteed affordable houses, demolition compensation houses, hotel apartments, etc. Among 
noncommercial houses, property values are often not a direct reflection of market equi-
librium. As a robustness check, we focus only on the subsample of commercial houses. 
The results are shown in Column (2) of Table 8. We find that the coefficients are still posi-
tive and statistically significant for commercial houses and that the coefficients are larger 
than those from the benchmark regression. This finding indicates that due to the power of 
the market, environmental regulation increases property values, which is consistent with 
our main results. According to Column (2), the closure and relocation policy for chemical 
enterprises within one kilometer of the Yangtze River increases the value of commercial 
houses by a statistically significant 2.2%.

5.3 � Placebo Test: Pseudo Policy Timing

To further our argument that the increase in housing prices is indeed due to environmental 
regulation rather than to seasonal fluctuations or other factors, we construct the pseudo 
policy promulgation in July 2016 (12 months before the actual promulgation of the policy) 
and January 2016 (18 months before the actual promulgation of the policy). The period 
from January 2015 to July 2017 (prior to the actual promulgation of the policy) is cho-
sen as the sample period for investigating whether property values increase before policy 
implementation. The estimated results are shown in Columns (3) and (4) in Table 8 and 
demonstrate that the estimated coefficient on Treati × Postt is not statistically significant, 
indicating that the influence of other potential unobservable factors on property values can 
be excluded.

5.4 � Placebo Test: Random Selection of the Treatment Group

Another possible concern is the omission of variables at the neighborhood-time level. Fol-
lowing the literature (La Ferrara et al. 2012; Cai et al. 2016), we randomly select neighbor-
hoods from the sample as the treatment group and then apply the same specification as 
that in Eq. (1) to estimate whether the randomly selected treatment group is affected. This 
approach assumes that if unobserved variables at the neighborhood-time level determine 
the change in property values, then even if the group is defined as having been treated by 
policy changes, we obtain the same results as those from estimating Eq. (1). However, if 
the same results are not obtained after several simulations, then the change in property 
values can be attributed to environmental regulation. Because the fake treatment group is 
generated randomly, in theory, the core explanatory variables should not affect housing 
prices; that is, �random = 0 . Figure  6 reports the kernel density of the estimation coeffi-
cients and the distribution of the corresponding p values for 500 randomly generated treat-
ment groups, and the vertical line represents the actual estimated coefficients. Clearly, the 
estimated coefficients from the placebo test follow a normal distribution with zero as the 
mean, which is in line with our expectations. Overall, the estimation results are not biased 
by missing variables.
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5.5 � Excluding Neighborhoods that Straddle the Boundary

Our baseline specification specifies treatment and control groups based on the latitudes 
and longitudes of neighborhood center points, but there is a concern that some neighbor-
hoods may straddle the boundary between treated and control areas, indicating the poten-
tial presence of neighborhoods that contain houses in both areas. Therefore, considering 
these boundary-straddling neighborhoods solely as either treatment or control groups in 
our baseline specification may lead to biased estimation results. To address this concern, 
we exclude neighborhoods that straddle the boundary between treated and control areas. 
According to the Standards for Planning and Design of Urban Residential Areas released 
by the Chinese Ministry of Housing and Urban–Rural Development, each neighborhood 
in China typically comprises approximately 300 to 1000 houses, with a land area ranging 
from 20,000 to 40,000 square meters, implying that the typical side length of a neighbor-
hood does not usually exceed 200 m. Therefore, we exclude neighborhoods within a 100-m 
range on both sides of the boundary (totaling 200 m).

The results are shown in Column (5) of Table  8. We find that the coefficients are 
still positive and statistically significant, which means that the impact of environmental 
regulation on property values is robust, even after excluding neighborhoods that strad-
dle the boundary between treated and control areas.

5.6 � Replacing the Dependent Variable with the Transaction Price

In the benchmark regression, the dependent variable is the logarithm of the average 
transaction price per square meter. To prevent unobservable factors associated with 

Fig. 6   Placebo test: Randomized treatment group. Notes: This figure reports the kernel density of the esti-
mation coefficients and the distribution of the corresponding p values for 500 randomly generated treatment 
groups, and the vertical line represents the actual estimated coefficient
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living area from biasing the regression results, we replace the dependent variable with 
the logarithm of the transaction price. The results are shown in Column (6) of Table 8. 
We find that the closure and relocation policy for chemical enterprises within one kilo-
meter of the Yangtze River increases property values by a statistically significant 1.7%, 
which is consistent with the main results in the benchmark regression. Therefore, the 
impact of environmental regulation on property values is robust, even after the depend-
ent variable is replaced with the transaction price.

5.7 � Replacing the Distance Cutoff with the Continuous Distance

Our baseline specification specifies treatment and control groups based on the distance 
over which toxic pollutants diffuse, but it is subject to subjectivity concerns. One might 
worry that the distance we choose artificially does not reflect the real distance cutoff. 
To avoid errors caused by subjectively setting the distance cutoff, we use an alternative 
strategy in which we replace the dummy variable Treati with the continuous variable 
Distancei , the distance between house i and the Yangtze River. The coefficient on the 
interaction term of Distancei × Postt is the effect on which this paper focuses. The coef-
ficient on the interaction term measures the linear variation in property values according 

Table 9   Replacing the distance 
dummy with the continuous 
distance

This table reports the regression results after replacing the distance 
cutoff with continuous distance. We use transaction-level data, and 
the dependent variable is the logarithm of the average transaction 
price per square meter. In Column (1), we select the houses in the 
area 0–3 km away from the Yangtze River as the sample. In Columns 
(2)-(4), we successively expand the scope of the sample to 0–4  km, 
0–5  km, and 0–6  km. The regression models include neighborhood 
fixed effects. Standard errors are clustered at the neighborhood-month 
level. *p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: log of average transaction 
price per square meter

(1) (2) (3) (4)

0–3 km 0–4 km 0–5 km 0–6 km

Post 0.347*** 0.326*** 0.310*** 0.310***

(0.010) (0.009) (0.008) (0.008)
Distance × Post -0.043*** -0.024*** -0.013*** -0.013***

(0.006) (0.005) (0.004) (0.003)
Living area -0.205*** -0.196*** -0.181*** -0.168***

(0.015) (0.014) (0.014) (0.014)
House age Yes Yes Yes Yes
Decoration Yes Yes Yes Yes
Floor Yes Yes Yes Yes
Total floors Yes Yes Yes Yes
House layout Yes Yes Yes Yes
Orientation Yes Yes Yes Yes
Neighborhood FE Yes Yes Yes Yes
Observations 9792 11,468 13,302 14,214
R-squared 0.900 0.910 0.912 0.914
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to the distance from the Yangtze River. Moreover, according to the results in Columns 
(1) to (4) in Table 9, as the distance of a house from the Yangtze River increases, the 
property value increases less after the chemical enterprises along the Yangtze River 
close or move.

We further provide some descriptive evidence that property values are in fact affected 
by the proximity of houses to chemical enterprises. We draw on a strategy similar to that 
employed by Muehlenbachs et al. (2015), which determines the point where a localized 
(dis)amenity no longer has localized impacts. For our application, this method com-
pares the prices of houses sold after the policy on the closure and relocation of chemical 
enterprises to those of houses sold prior to the policy, and identifies the distance beyond 
which the chemical enterprise no longer has an additional effect.

To conduct this test, we use the sample of houses located in polluted areas and more 
distant areas, as shown in Fig. 3. We estimate two price functions based on distance to 
the nearest chemical enterprise: one using a sample of property sales that occur prior 
to the policy and the other using a sample of property sales that occur after the policy. 
The price functions are estimated using local polynomial regressions, with the depend-
ent variable being the residual from a regression that controls for neighborhood fixed 
effects, county-by-month fixed effects, and property characteristics.

Figure  7 shows the results from the local polynomial regression. We see a sharp 
increase in the prices of houses located within 1.2  km of a chemical enterprise after 
the policy; however, the prices of houses farther than 1.2 km from the nearest chemical 
enterprise remain the same both before and after the policy. This exercise validates our 

Fig. 7   Price gradient of the distance from the nearest chemical enterprise. Notes: This figure depicts the 
results from local polynomial regressions used to estimate two price functions based on the distance to the 
nearest chemical enterprise, with dependent variables being the residuals from a regression that controls for 
neighborhood fixed effects, county-by-month fixed effects, and property characteristics. The solid line rep-
resents the residuals from houses sold before the policy, while the dashed line represents the residuals from 
houses sold after the policy
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usage of polluted areas less than 2 km in terms of their distance to the river (since the 
chemical enterprises are within 1 km of the river, the distance from the houses within the 
polluted area to enterprises is approximately their distance from the river minus 1 km).

5.8 � Effects of Environmental Regulation on Property Values at the Quarterly Level

In the benchmark regression, we estimate the DiD effect at the monthly level. However, 
there are months when no housing transactions occur in the areas along the river, which 
may be a possible concern in terms of the benchmark regression result. To ensure the relia-
bility of the regression results, we use an alternative strategy in which we estimate the DiD 
effect at the quarterly level. The results are shown in Table 10. According to the results in 
Column (3), after chemical enterprises along the Yangtze River are closed or moved, hous-
ing prices increase by a statistically significant 1.4%, which means that the impact of envi-
ronmental regulation on property values is still robust at the quarterly level.

Table 10   Effects of 
environmental regulation on 
property values at the quarterly 
level

This table reports the regression results at the quarterly level. We use 
transaction-level data, and the dependent variable is the logarithm 
of the average transaction price per square meter. In Columns (1)-
(2), we control for neighborhood fixed effects and quarter fixed 
effects. In Column (3), we control for neighborhood fixed effects and 
county-by-quarter fixed effects. In Columns (2)-(3), we add housing 
characteristics as control variables. These characteristics include 
the living area, house age, level of decoration, floor, total floors, 
house layout, and orientation. Standard errors are clustered at the 
neighborhood-quarter level. *p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: Log of average 
transaction price per square meter

(1) (2) (3)

Treat × Post 0.043*** 0.046*** 0.014**

(0.009) (0.008) (0.005)
Living area -0.192*** -0.178***

(0.014) (0.013)
House age Yes Yes
Decoration Yes Yes
Floor Yes Yes
Total floors Yes Yes
House layout Yes Yes
Orientation Yes Yes
Neighborhood FE Yes Yes Yes
Quarter FE Yes Yes
County-by-quarter FE Yes
Observations 10,413 10,413 10,327
R-squared 0.897 0.933 0.949
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5.9 � Assigning Treatment and Control Groups Through Radius

In the baseline strategy, we establish treatment and control groups based on the distance 
from the Yangtze River. This takes into account the potential improvement in overall riv-
erbank environmental conditions due to the policy requiring the closure or relocation of 
chemical enterprises within 1 km along the Yangtze River. However, as a robustness check, 
we also divide the control and treatment groups using the conventional method which con-
siders the distance from the enterprise’s radius (Currie et al. 2015), given that the reloca-
tion of enterprises has the greatest impact on residents within a certain radius around them. 
Figure 7 suggests that the distance threshold between enterprises and houses is 1.2 km, so 
we draw a 1.2-km circle around each chemical enterprise. Residences within this radius 
form the treatment group, while those outside this radius but within a 3 km range are des-
ignated as the control group. According to the findings in Column (3) of Table  11, the 
closure and relocation policy for chemical enterprises along the Yangtze River increased 
property prices significantly, which is consistent with our baseline specifications.

Table 11   Assigning treatment 
and control groups through 
radius

This table reports the regression results obtained based on assigning 
treatment and control groups through the radius. We use transaction-
level data, and the dependent variable is the logarithm of the average 
transaction price per square meter. In Columns (1)-(2), we control for 
neighborhood fixed effects and month fixed effects. In Column (3), 
we control for neighborhood fixed effects and county-by-month fixed 
effects. In Columns (2)-(3), we add housing characteristics as control 
variables. These characteristics include the living area, house age, 
level of decoration, floor, total floors, house layout, and orientation. 
Standard errors are clustered at the neighborhood-month level. 
*p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: log of average 
transaction price per square meter

(1) (2) (3)

Treat × Post 0.037*** 0.035*** 0.009**

(0.006) (0.005) (0.004)
Living area -0.212*** -0.210***

(0.009) (0.009)
House age Yes Yes
Decoration Yes Yes
Floor Yes Yes
Total floors Yes Yes
House layout Yes Yes
Orientation Yes Yes
Neighborhood FE Yes Yes Yes
Month FE Yes Yes
County-by-month FE Yes
Observations 29,084 29,084 28,836
R-squared 0.916 0.940 0.957
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6 � Conclusions

This paper estimates the degree of capitalization of the closure and relocation of chemical 
enterprises along the Yangtze River in property values. After applying the difference-in-
differences (DiD) method to rich data on housing markets, we find that the closure and 
relocation of chemical enterprises leads to a 1.7% increase in property values. We provide 
suggestive evidence that our findings of a positive price premium are likely attributable 
to the reduction in the degree of perceived environmental risk following the closure and 
relocation of chemical enterprises, which is reflected in a 43.3% reduction in the number of 
environmental complaints from surrounding residents. The heterogeneity analyses reveal 
that the positive capitalization effect arises primarily from improvements in air pollution, 
and the impact of environmental regulation on housing prices is heterogeneous across 
buildings of different heights. Changes in environmental quality capitalize in taller build-
ings but not in shorter buildings.

On the basis of our estimation results, we further calculate the economic benefits of the 
policy of closing and relocating chemical enterprises within one kilometer of the Yang-
tze River. A total of 443 neighborhoods encompassing approximately 680,000 houses are 
located within two kilometers of the Yangtze River. Given the average transaction price 
for houses in each neighborhood, the total value of houses within two kilometers of the 
Yangtze River is estimated to be approximately 411.4 billion CNY. After policy imple-
mentation, the total value of the houses along the Yangtze River increased by 1.7%, which 
means that China’s efforts to protect the Yangtze River significantly increased the total 
value of houses by approximately 7 billion CNY (approximately 1 billion USD). Further-
more, as mentioned above, our results are based on the strict assumption that the prices 
of houses more than two kilometers away from the Yangtze River are not affected by the 
policy. However, houses two kilometers away may also be affected and experience a price 
increase. If this is the case, then the above-estimated 7 billion CNY (approximately 1 bil-
lion USD) would be a lower bound.

Appendix 1: Translation of Policy Documents Relevant to the Closure 
and Relocation of Chemical Enterprises Along the Yangtze River

In this Appendix, we summarize and review policy documents from both the central and 
local governments in China, with a focus on the policy for the closure and relocation of 
chemical enterprises within one kilometer of the Yangtze River. The relevant paragraphs 
of these policy documents have been translated. The purpose of this exercise is to provide 
additional qualitative evidence that supports the empirical findings in the paper. To narrow 
the focus, we extract chapters that are most relevant to the closure and relocation of 
chemical enterprises within one kilometer of the Yangtze River. To better understand the 
policy, we show the policies issued by the two levels of government in China (central and 
provincial governments) as follows. Section A summarizes the policies issued by the central 
government in 2017. Section B provides a province-level example (Jiangsu). To implement 
the policies issued by the central government, the Jiangsu provincial government issues 
more detailed policies according to the specific conditions of the province.
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A. Policy Documents from the Central Government in China.

Title: Notice on Printing and Distributing the "Eco‑environmental Protection Plan 
for the Yangtze River Economic Belt"9

Date: July 13th, 2017.
Issuing agency: Ministry of Ecology and Environment, Development and Reform Com-

mission, Ministry of Water Resources.
Notified agencies: People’s governments of Shanghai, Jiangsu, Zhejiang, Anhui, 

Jiangxi, Hubei, Hunan, Chongqing, Sichuan, Guizhou, Yunnan, Ministry of Industry and 
Information Technology, Ministry of Finance, Ministry of Land and Resources, Ministry of 
Housing and Urban‒Rural Development, Ministry of Agriculture, General Administration 
of Quality Supervision, Inspection and Quarantine, Forestry Administration, Energy 
Administration, Oceanic Administration, and Three Gorges Office.

To implement the major decisions and deployments of the Party Central Committee and 
the State Council on promoting the development of the Yangtze River Economic Belt, the 
Ministry of Ecology and Environment, the Development and Reform Commission, and the 
Ministry of Water Resources, together with relevant departments, have compiled the "Eco-
Environmental Protection Plan for the Yangtze River Economic Belt."

The Office of the Leading Group for Promoting the Development of the Yangtze River 
Economic Belt by Doing Business hereby prints and distributes the "Eco-Environmental 
Protection Plan for the Yangtze River Economic Belt" to you. Please implement it 
conscientiously.

Attachment: Eco-environmental Protection Plan for the Yangtze River Economic Belt.

Extracted Relevant Chapters

All economic activities along the Yangtze River must be based on the premise of not dam-
aging the ecological environment. In addition to those projects under construction, new 
heavy chemical parks within one kilometer of the shoreline of the main stream and major 
tributaries are strictly forbidden, and the construction of new petrochemical and coal chem-
ical projects in the mid-upstream coastal areas is strictly controlled. Industries that do not 
meet the requirements for occupying shorelines, river sections, land and layouts must close 
unconditionally.

9  See https://​www.​mee.​gov.​cn/​gkml/​hbb/​bwj/​201707/​t2017​0718_​418053.​htm.

https://www.mee.gov.cn/gkml/hbb/bwj/201707/t20170718_418053.htm
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B. Policy Documents from Provincial Governments in China.

Title: Notice on Printing and Distributing the Jiangsu Province Chemical Industry 
Safety and Environmental Protection Improvement Plan10

Date: April 27th, 2019.
Issuing agency: General Office of Jiangsu Provincial Committee of the Communist 

Party of China, General Office of Jiangsu Provincial People’s Government.
Notified agencies: The party committees and people’s governments of all cities and 

counties (districts), the ministries and commissions of the provincial party committee, the 
offices and bureaus of the provincial committees, and the units directly under the province.

The Jiangsu Province Chemical Industry Safety and Environmental Protection Improve-
ment Plan has been reviewed and approved by the Standing Committee of the Provincial 
Party Committee and is now issued to you. Please implement it carefully in light of the 
actual situation.

Extracted Relevant Chapters

The number of chemical production enterprises along the Yangtze River should be reduced. In 
principle, all chemical production enterprises within one kilometer of both sides of the main river 
and tributaries of the Yangtze River and outside the chemical park will close or relocate before 
the end of 2020. It is strictly forbidden to build or expand chemical parks and chemical projects 
within one kilometer of the main river and tributary streams of the Yangtze River.

10  See http://​safety.​nanji​ng.​gov.​cn/​zwfw/​shfw/​whpgl/​201908/​t2019​0823_​16340​45.​html.

http://safety.nanjing.gov.cn/zwfw/shfw/whpgl/201908/t20190823_1634045.html
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Appendix 2: Policy Implementation at the Prefectural Level

In this Appendix, we review policy documents from prefectural governments in China, with a 
focus on the implementation of policies for the closure and relocation of chemical enterprises 
within one kilometer of the Yangtze River. We provide an example related to policy implemen-
tation at the prefectural level (Zhenjiang). Relevant policy documents are translated as follows:

Title: Notice on Holding the City’s Chemical Industry Safety and Environmental 
Protection Improvement Work Conference11

Date: May 28th, 2019.

11  See http://​gxj.​zhenj​iang.​gov.​cn/​gxj/​xxgkb​mwj/​201905/​2d998​86169​b842b​5b69e​863e3​7c801​c3.​shtml.

http://gxj.zhenjiang.gov.cn/gxj/xxgkbmwj/201905/2d99886169b842b5b69e863e37c801c3.shtml
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Issuing agency: Zhenjiang Chemical Industry Safety and Environmental Protection 
Improvement Leading Group and Office, Zhenjiang Bureau of Industry and Information 
Technology.

Notified agencies: Relevant departments and units of the city.
To implement the document requirements of the Jiangsu Province Chemical Industry 

Safety and Environmental Protection Improvement Plan (Su Ban [2019] No. 96) and the 
spirit of the Provincial Government General Office’s video conference on the province’s 
chemical industry safety and environmental protection improvement work, after this 
research, it was decided to hold the city’s chemical industry safety and environmental 
protection improvement work conference and to deploy the recent improvement work 
first. The relevant matters of the meeting are noted here as follows:

Meeting time: May 31, 2019, 9:15 am.
Meeting place: Conference Room 1, 7th Floor, Building 1, Municipal Administration 

Center.
Participants:

1.	 The leaders in charge of major relevant departments such as the Municipal Development 
and Reform Commission, Bureau of Industry and Information Technology, Public 
Security Bureau, Ecological Environment Bureau, Transportation Bureau, Emergency 
Management Bureau, Market Supervision Administration, Statistics Bureau, Fire Rescue 
Detachment and the main person in charge of the business department.

2.	 The main leaders, leaders in charge and the main person in charge of the business 
department of the Economic Development Bureau of each city (district), Jurong 
City Industry and Information Technology Bureau, Zhenjiang New District Science 
and Information Bureau, and Zhenjiang High-tech Zone Science and Technology 
Development Bureau.

Relevant requirements: All departments and units are requested to submit the list of 
participants to the Material Industry Department of the Municipal Bureau of Industry 
and Information Technology before 18:00 on May 29th (Wednesday). Contact: Sun 
Panqin, Fax: 80822128, Tel: 15262913603.

Appendix 3

See Tables 12 and 13.
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Table 12   Alternative scopes of 
the control group

This table reports the regression results from estimating Eq.  (1). We 
use transaction level data, and the outcome variable is the logarithm 
of the average transaction price per square meter. In Column (1), we 
select houses in the area 2–3 km away from the Yangtze River as the 
control group. In Columns (2)-(4), we successively expand the scope 
of the control group to 2–4 km, 2–5 km, and 2–6 km. The regression 
models include neighborhood fixed effects and county-by-month fixed 
effects. Standard errors are clustered at the neighborhood-month level. 
*p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: log of average transaction price 
per square meter

(1) (2) (3) (4)

2–3 km 2–4 km 2–5 km 2–6 km

Treat
i
× Post

t
0.017*** 0.016*** 0.014** 0.014**

(0.006) (0.006) (0.006) (0.006)
Living area -0.190*** -0.176*** -0.159*** -0.152***

(0.013) (0.012) (0.012) (0.012)
House age Yes Yes Yes Yes
Decoration Yes Yes Yes Yes
Floor Yes Yes Yes Yes
Total floors Yes Yes Yes Yes
House layout Yes Yes Yes Yes
Orientation Yes Yes Yes Yes
Neighborhood FE Yes Yes Yes Yes
County-by-month FE Yes Yes Yes Yes
Observations 9610 11,257 13,093 13,993
R-squared 0.952 0.959 0.959 0.959

Table 13   Effects of 
environmental regulation on 
perceived risks at the county 
level

This table reports the regression results at the county level. We use 
county-month level data, and the dependent variable is the number 
of environmental complaints received by the reported object of the 
counties. In Column (1), we control for county fixed effects and month 
fixed effects. In Column (2), we control for county fixed effects and 
province-by-month fixed effects. In Column (3), we control for county 
fixed effects and city-by-month fixed effects. Standard errors are 
clustered at the county-month level. *p < 0.10, **p < 0.05, ***p < 0.01

Dependent variable: number of environmental 
complaints

(1) (2) (3)

Treat
c
× Post

t
-8.552*** -5.182*** -7.420***

(1.862) (1.726) (1.641)
County FE Yes Yes Yes
Month FE Yes
Province-by-month FE Yes
City-by-month FE Yes
Observations 10,664 10,664 10,664
R-squared 0.779 0.826 0.878
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