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Abstract
With the green, circular, and low-carbon concept, eco-industrial parks are regarded as key
drivers for maximizing environmental and economic benefits. Based on the panel data of
276 cities in China from 2007 to 2018, this paper regards the establishment of eco-industrial
parks as a quasi-natural experiment, and employs the difference-in-differences method to
test the impact of eco-industrial parks on urban haze pollution. We find that eco-industrial
parks significantly reduce urban haze pollution and the conclusion holds with robustness
tests. Heterogeneity analysis shows that the effect of eco-industrial parks on haze pollu-
tion is more pronounced in eastern and resource-based cities. Finally, mechanism analysis
indicates that eco-industrial parks reduce urban haze pollutionmainly by promoting techno-
logical innovation, upgrading industrial structure, and strengthening urban environmental
regulations.

Keywords: industrial parks; eco-industrial parks; haze pollution; difference-in-differences

JEL classification: L16; L52; Q53

1. Introduction
Severe haze pollution is a major public concern in some developing countries with high
economic growth such as China. In order to solve the environmental problems, China
has put forward requirements of scientific, law-based, and systematic pollution control
in ‘The 14th Five-Year Plan for the National Economic and Social Development and
the Outline of Long-Term Goals for 2035’. However, China’s air pollution is still very
serious. According to the Report on the State of the Ecology and Environment in China
2019, 53.4 per cent of the 337 cities at the prefecture level and above fail to meet national
air quality standards, and the days with PM2.5 as the primary pollutant comprise 78.8
per cent of the days under heavy or very heavy pollution. Severe air pollution jeopar-
dizes people’s health (Khomenko et al., 2021; Chen et al., 2023a), increases healthcare
expenditures (Zhang et al., 2023), and adversely affects economic development.
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China has been devoted to exploring how to optimize economic organization and
remedy the environmental degeneration caused by rapid industrialization. During the
past years, industrial parks such as development zones and high-tech zones have been
widely established in China. These industrial parks which are conducive to gathering
economic resources and driving the agglomeration development of related industries
are considered to provide environmental benefits (Lu et al., 2019). However, some
researchers believe that industrial agglomeration aggravates environmental pollution
(Wu et al., 2023). Moreover, they point out that industrial parks do not pay enough
attention to building a circular economy andmanaging exhaust gas emissions. Recently,
several studies suggested that these traditional industrial parks can be transformed into
Eco-industrial Parks (EIPs), which are more beneficial to improving energy efficiency
and pollution prevention (Mathews et al., 2018).

In countries such as Denmark, the United States, and Canada, the EIP program has
been implemented for over a decade. They apply the concept of green, recycling, low-
carbon, and environmental protection to the infrastructure construction and enterprise
development of parks. In China, the government initiated the construction of EIPs in
2000. By 2020, the number of EIPs had increased to roughly 55. Meanwhile, a lot of
EIPs were under construction. However, is this new type of industrial park conducive
to solving the problems of high energy consumption and high pollution in traditional
industrial parks? Is it a form of economic organization that contributes to alleviating
haze pollution? What is the mechanism by which it affects haze pollution? Answering
these questions is significant to understanding how the country promotes the industrial
parks’ green transformation and improves environmental quality.

Based on the panel data of 276 prefecture-level cities in China from 2007 to 2018, this
paper regards the construction of the EIPs as a policy shock and evaluates the impact
of EIPs on urban haze pollution. The result shows that the construction of EIPs reduces
haze pollution significantly. Heterogeneity analysis shows that the effect of EIPs on haze
pollution is more pronounced in eastern and resource-based cities. In addition, we find
that the key mechanisms through which EIPs affect urban haze pollution are promot-
ing technological innovation, upgrading industrial structure, and strengthening urban
environmental regulations.

This paper contributes to the existing studies in two ways. First, a strand of literature
has regarded traditional industrial parks as an industrial agglomeration area (Xiong et
al., 2022; Lu et al., 2023b), and investigated the impact of industrial agglomeration in
the park on environmental pollution. Some researchers believe that traditional indus-
trial parks are conducive to reducing environmental pollution (Lu et al., 2023b). But
more researchers hold different views on this and they proposed that traditional indus-
trial parks can exacerbate haze pollution (Hou et al., 2019; Lu et al., 2019;Wu et al., 2023).
Therefore, the present study tries to fill the gap by examining the impact of EIPs in China
on haze pollution. Moreover, this paper addresses the problem of estimation bias caused
by reverse causality and the non-randomness of policy. In the past, industrial parks have
been considered as the gathering place and refuge for polluting enterprises (Schwarze,
1996;Hou et al., 2019). The conclusion of this paper shows that the new type of industrial
park represented by EIPs has numerous environmental benefits, and provides inspi-
ration for promoting the green and recycling transformation of traditional industrial
parks.

Second, most of the current studies on EIPs mainly focus on defining what EIPs are
and how they develop. For example, Geng et al. (2007) analyzed the advantages and chal-
lenges of investing in EIPs. Fang et al. (2007) investigated the establishment of China’s
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EIPs and stated that the development of EIPs is still in its infancy. Zeng et al. (2021)
systematically analyzed China’s EIPs, and found that EIP interventions have improved
both environmental and competitiveness performances. However, there is an apparent
lack of empirical research regarding the assessment of the policy effects and environmen-
tal benefits. This paper fills the gap by evaluating the impact of EIPs on haze pollution
in China. In addition, based on the establishment principle and indicators of China’s
EIPs, we comprehensively analyze the mechanism by which EIPs affect haze pollution
from the perspectives of technological innovation, industrial upgrading and environ-
mental regulations. This research can inform policymakers on how to optimize the
construction of EIPs, and promote EIPs’ contribution to reducing environmental
pollution and achieving sustainable development.

2. Institutional background and theoretical analysis
2.1 Institutional background
As a catalyst for industrial development, traditional industrial parks have made impor-
tant contributions to China’s economic development, but they have caused serious
pollution to the environment (Lu et al., 2019; Wu et al., 2023). This issue is proposed
to be addressed through their transformation into EIPs which follow the green devel-
opment concept and seek to achieve the win-win balance between economic growth
and environmental protection. Enterprises within EIPs are required to achieve green
and low-carbon transformation and development, and control pollution emission load
within a permissible range. EIPs have gradually established an infinitely reusable, recy-
clable, and renewable industrial ecosystem, and the air pollutants and emissions in EIPs
have been significantly reduced (Chertow, 2000; Qian et al., 2022).

What is more, enterprises in EIPs can reduce haze pollution by applying cleaner pro-
duction technologies, optimizing energy structure, and taking other emission reduction
measures. On the one hand, EIPs provide green technical support to enterprises in the
parks by introducing high-level talent and teams. On the other hand, strict environ-
mental regulation implemented in EIPs forces enterprises to increase R&D expenditures
for clean energy technologies (Wu et al., 2023), thus reducing air pollutant emissions.
Moreover, EIPs promote green technological progress by encouraging enterprises to
optimize energy structure and use non-fossil and renewable energy, which is conducive
to reducing haze pollution (Qian et al., 2022). Besides, high technology and low pollu-
tant emissions enterprises attracted by EIPs can also promote the green transformation
of traditional enterprises, which is conducive to achieving industrial structure upgrad-
ing and emission reduction. Detailed operational aspects of the EIPs are described in the
online appendix of this paper.

FigureA1 in the online appendix shows the number of newly added EIPs every year in
China up to 2016. During the sample period of this paper, in 2008, the former State Envi-
ronmental Protection Administration named Suzhou Industrial Park, Suzhou National
Hi-Tech District and Tianjin Economic-Technological Development Area for the first
time as the National Eco-industrial Demonstration Parks. Since then, the construction
of EIPs has been in full swing. By 2016, 48 EIPs had been approved for operating, and 45
EIPs had been approved to start construction.

The geographic distribution of EIPs in China is shown in figure 1. There are 31, 11,
and 6 EIPs in eastern, central and western China, respectively. Because the number of
EIPs in the eastern region significantly exceeds that of other regions, one may be con-
cerned that the location of EIPsmay be endogenous. To alleviate the endogeneity caused
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Figure 1. Distribution of EIPs in China.

by the location of EIPs, we employ the propensity score matching (PSM) method and
instrument variable (IV) strategy to strengthen causal inference.

2.2 Theoretical analysis
EIP policy aims to promote regional eco-industrial development, and it offers an inno-
vative pathway to realizing energy saving, emission reduction and environmental pro-
tection. Under the rigorous and standardized requirements, the EIPs effectively drive
technological innovation, industrial structure upgrading, and environmental regulation,
which in turn affects haze pollution. The influence mechanisms through which EIPs
affect haze pollution are shown in figure A2 in the online appendix.

First, the construction of EIPs reduces haze pollution through technological inno-
vation in two main ways. (1) EIP projects have accelerated technological innovation.
According to the National Eco-Industrial Demonstration Park Management Measures,
the government must offer abundant financial and fiscal support for EIPs to introduce
advanced innovation talents and cleaner technologies, which can help EIPs improve
their technological innovation level and reduce air pollutant emissions.Meanwhile, after
being certified as EIPs, the parks introduce many favorable policies to encourage the
development of high-tech enterprises, thus attracting a tremendous amount of well-
established high-tech companies at home and abroad. For example, there are about
500 production-oriented enterprises and most of them are high-polluting enterprises
in Nanchang National High-tech Industrial Development Zone (NNHIDZ). With the
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construction of environmental protection platforms and advanced environmental pro-
tection technologies, NNHIDZ significantly improves local air quality. According to the
above analysis, we believe that EIPs can reduce haze pollution through promoting tech-
nological innovation. In addition, according to the existing literature, location-oriented
policies such as EIPs can significantly improve the innovation level. For example, Wu et
al. (2023) regard EIPs as a quasi-natural experiment and used a difference in differences
(DID)model to examine the impact of EIPs on urban green innovation. They found that
the establishment of EIPs significantly increases the number of green patent applications.

And (2), green technological innovation is conducive to reducing environmental
pollution. The specific manifestations are front-end prevention and back-end gover-
nance. In terms of front-end prevention, green technological innovation drives the
emergence of digital environmental protection projects such as intelligent pollutant
monitoring systems and early environment warning systems, which effectively prevent
and control pollution sources. Moreover, the continuous development and applica-
tion of production, energy-saving and environmental protection technology enables
enterprises to substantially improve energy efficiency and reduce pollutant emissions
(Chen et al., 2022). In terms of back-end governance, green technological innovation
promotes the improvement of pollution control facilities and strengthens the reuse of
pollutants, thereby improving environmental quality. For example, Tianjin municipal-
ity launched a special fund of $100 million to support green development in the Tianjin
Economic-Technological Development Area. The fund provided subsidies for appro-
priate green innovation projects including the comprehensive utilization of resources,
the construction of distributed photovoltaic power stations, cleaner production, and
the construction and operation of hydrogen refueling stations. This measure effectively
incentivizes enterprises in parks to promote technological innovation in the produc-
tion process, increase capital investment in pollution control and reduce greenhouse gas
emissions.1

Second, the construction of EIPs reduces haze pollution through industrial structure
upgrading, again in two main ways. (1) EIPs have positively contributed to industrial
transformation andupgrading. In EIPs, there are twoways to promote industrial upgrad-
ing, namely, supporting the green transformation of energy-intensive industries and
developing emerging green industries. The green transformation of traditional high-
polluting and energy-intensive industries is a gradual process that is likely to span a
decade or more. In this process, the negative impacts of green transformation on haze
pollution can come into effect within a short period of time, and they will increase sig-
nificantly as time goes on (Tong et al., 2020). What is more, EIPs introduce favorable
policies for high-tech industries with green technological innovation, encouraging the
green and low-carbon transformation of traditional pollution-intensive industries (Li
et al., 2015). Therefore, EIPs can reduce haze pollution within two years through indus-
trial upgrading. (2) The industrial upgrading promotes pollution prevention and control
(Grossman and Krueger, 1995). The secondary industry is considered as the major con-
tributor to environmental pollution. Therefore, it is bound to reduce pollutant emissions
when the proportion of the secondary industry drops and the proportion of the emerg-
ing industry rises (Cole et al., 2005; Li and Li, 2022). Moreover, compared with polluting
industries, the developmentmodel of emerging industries is sustainable and can produce
a demonstration effect, forcing the polluting industries to reduce pollutant emissions.

1See https://www.teda.gov.cn/contents/3952/225761.html for more information.
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Third, the construction of EIPs reduces haze pollution through environmental regu-
lation for two reasons. (1) The establishment of EIPs can strengthen urban environmen-
tal regulations. Compared with traditional industrial parks, EIPs are required to meet
many compulsory indicators, including elastic coefficient of comprehensive energy con-
sumption, application ratio of renewable energy and so on. This means that EIPs impose
higher requirements for cleaner production and environmental protection. (Zeng et al,
2021; Qian et al., 2022; Wu et al., 2023). Therefore, EIPs can produce a strong demon-
stration effect on the local area and improve the level of environmental regulations.
(2) The strict environmental regulation is conducive to reducing haze pollution. EIPs
have stricter environmental regulations, and set the performance indicators such as
industrial technology level, resource and energy utilization efficiency, pollutant emis-
sions, and economic benefits. The enterprises in the parks are required to meet these
environmental goals. EIPs also implement compulsory audits of cleaner production,
improving clean production levels of enterprises.What ismore, in EIPs, there are specific
standards for the total discharge quota of key pollutants. In addition, EIPs require enter-
prises to disclose environmental information, including waste, by-products and residual
energy, whichmay be useful for other enterprises’ production. During this process, other
enterprises can recycle and reuse the production materials and products as long as pos-
sible, thus promoting the establishment of a circular economy model and reducing haze
pollution.

Based on the above theoretical analysis, this paper proposes the following hypotheses:

Hypothesis 1 (H1): The construction of EIPs can reduce urban haze pollution.
Hypothesis 2 (H2): The construction of EIPs reduces haze pollution through techno-

logical innovation, industrial upgrading, and environmental regulations.

3. Research design and data
3.1 Model
Based on the panel data of 276 prefecture-level cities in China from 2007 to 2018, this
paper regards the establishment of EIPs as a quasi-natural experiment. Because the start-
up time of EIPs is not the same, with reference to Bertrand et al. (2004), a DID model is
constructed as follows:

ln PM2.5it = α0 + α1EIPit +
∑

γj Xit + μi + νt + εit , (1)

where i and t denote city and year, respectively. The dependent variable is the natural
logarithm of annual PM2.5. EIPit is a dummy variable, and if city i started the construc-
tion of the EIP in year t, then EIPit equals 1 since year t, and otherwise it equals 0. α1 is
the coefficient that we focus on to test whether EIPs have a reduction effect on annual
PM2.5 concentrations. Xit is a set of control variables.μi and νt refer to the city and year
fixed effects respectively. εit is the error term.

3.2 Variables and data sources
(1) Dependent variable. The dependent variable is urban haze pollution levelsmeasured

as PM2.5 concentrations. PM2.5, as one of the primary air pollutants, is believed to
reflect the overall level of haze pollution effectively (Burkhardt et al., 2019; Heyes
and Zhu, 2019; Chen et al., 2023b). The existing literaturemainly obtains the annual
average PM2.5 concentration data from Columbia University (Lin et al., 2014;
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Fu et al., 2015). Instead of this data set, the data used in this paper come from
the Atmospheric Composition Analysis Group at Dalhousie University in Halifax.
ArcGIS software is used to extract and transform the data from the global data
set published by this institution, and then we obtain the urban annual average
PM2.5 concentration for China. Although the data from both Columbia University
and Dalhousie University are collected with ground-based tracking stations and
National Aeronautics and Space Administration satellites, the data set used in this
paper has the following advantages. First, the data set published by Dalhousie
University is available for amuch longer time period than data released byColumbia
University. Second, the data set in the paper achieves higher accuracy. The reason
is that, before 2014, the data set produced by Columbia University only contains
three-year average PM2.5 concentrations rather than annual average observations.

(2) Independent variable. The independent variable is EIP policy, an indicator to reveal
whether the EIPs have been approved for establishment in the city. EIP equals 1 if
the city was approved for the park construction, or one of the industrial parks in the
city is approved for an EIP officially; EIP equals 0 otherwise. The list of EIPs comes
from thewebsite of theMinistry of Ecology andEnvironment of the People’s Repub-
lic of China. It is worth noting that both the operational parks and the parks under
construction are included in the treatment group. In further analysis, we investigate
heterogeneity in treatment effects across the two groups of parks. Because our sam-
ple period is from 2007 to 2018, we exclude the cities whose establishment year of
EIP is 2001 and 2003. Furthermore, some cities have more than one EIP which were
established in different years; in this case, we take the year when the first EIP was
established as the year that the EIP policy came into effect. Finally, there are a total
of 276 cities, including 48 in the treatment group and 228 in the control group.

(3) Control variables. To ensure that the results are not driven by omitted variables,
we control some factors that may influence haze pollution and use lag-one period
as controls. Specifically, the control variables are defined as follows. The level of
economic development, ED, is measured by GDP per capita. Population size, PS,
is measured as the total population of the city at the end of the year. Industrial
structure, IS, is measured as the proportion of the output value of the tertiary indus-
try to GDP. The level of secondary industry development, SD, is measured as the
proportion of the output value of the secondary industry toGDP. The level of infras-
tructure development, ID, is defined as the length of road construction. The level of
opening-up to the outside world, OP, is measured by the ratio of FDI and GDP.2

3.3 Descriptive statistics
The sample of this paper consists of 2007–2018 data on 276 prefecture-level cities in
China. The descriptive statistics of each variable are presented in table 1.

4. Empirical results
4.1 Parallel trend test
The prerequisite for the DID is to meet the parallel trend test, that is, the haze pollution
levels in the treatment group and the control group should have the same changing trend
before the implementation of EIP policy. Referring to Beck et al. (2010), this paper tests

2The data are obtained from the China Research Database Services.
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Table 1. Descriptive statistics

Variables N Mean Min Max

Dependent
variable

lnPM2.5 3,300 3.650 1.280 4.702

Independent
variable

EIP 3,312 0.095 0 1

Mediating
variables

Technology innovation (TI) 3,285 2.547 0 11.052

Industrial structure upgrading
(AIS)

3,305 0.910 0.006 5.340

Industrial structure upgrading
(RIS)

3,310 0.876 0.527 0.997

Environmental regulation (ER) 3,213 0.057 0 0.170

Control
variables

The level of economic
development (ED)

3,299 10.46 4.595 13.06

Population size (PS) 3,307 5.869 2.898 8.131

Industrial structure (IS) 3,230 0.391 0.182 0.696

The level of secondary
industry development (SD)

3,235 0.489 0.190 0.770

The level of infrastructure
development (ID)

3,293 12.93 5.466 17.76

The level of opening-up to the
outside world (OP)

3,307 0.003 0 0.115

the parallel trend based on equation (2),

ln PM2.5it = β0 + βk

7∑

k=−7

EIPkit +
∑

γj Xit + μi + νt + εit , (2)

where ln PM2.5it represents the haze pollution level of city i in year t. k denotes the k-th
year of the establishment of the EIPs. EIPkit represents a series of dummy variables for the
relative time of establishment of EIPs (7 to 2 years before the EIPs were established, in
the year when the EIPs are established, and 1 to 7 years after the EIPs are established). In
particular, we define EIP−7

it as equal to 1 if the establishment year is for 7 or more years
before the establishment of the EIP, otherwise 0. EIP7it is equal to 1 if the observation is
for seven or more years after the establishment of the EIP, otherwise 0. The coefficient
βk captures the differential effect of the construction of EIPs on urban haze pollution.
Other parameters and variables are defined in accordance with model (1).

The test results are presented in figure 2. It shows no significant difference between
the haze pollution levels of the treatment group and the control group before the con-
struction of EIPs, which provides evidence for satisfying the parallel trend assumption
and the effectiveness of the DID model. The effect of haze pollution reduction follows
parallel trends until one year after the establishment of EIPs (time ‘1’ on the horizontal
axis); thus, there is a lagged effect of EIPs on air quality improvement. The reason is that
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Figure 2. Parallel test.
Notes: All effects are relative to the one year before the policy went into effect.

the traditional business philosophy that prioritizes production over environmental pro-
tection is still rooted at the beginning of policy implementation. In addition, it takes time
for EIPs to affect urban haze pollution. In the second year after their establishment, the
EIPs exert the effect of decreasing haze pollution levels gradually and the effect remains
stable until the fourth year. In the following years, the policy effect gradually strengthens,
illustrating that the effect of EIPs on haze pollution in the long run is still significant.

4.2 Baseline results
After confirming that the parallel trend hypothesis is satisfied, the paper adopts the DID
approach to evaluate the effect of the establishment of EIPs on haze pollution based on
the two-way fixed effects model. Table 2 presents the results. We control the city and
time fixed effects in all columns. Column (1) does not include any control variables
and the estimated coefficient is significantly negative at the 1 per cent level. Columns
(2)–(7) gradually cover the full set of control variables. Almost all of the estimates are still
significant at the 1 per cent level, indicating that the construction of EIPs can effectively
reduce haze pollution and improve urban air quality. The main reason is that the EIPs,
which are designed with the principle of reducing, reusing and recycling, improve the
urban air quality.

4.3 Instrumental variable
Another potential pitfall is the non-randomness of the distribution of EIPs across cities.
We tested for the common trends in the DID estimation to rule out the possibility that
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Table 2. The effect of establishing EIPs on haze pollution

(1) (2) (3) (4) (5) (6) (7)

Variable lnPM2.5 lnPM2.5 lnPM2.5 lnPM2.5 lnPM2.5 lnPM2.5 lnPM2.5

EIP −0.161 −0.057 −0.043 −0.043 −0.043 −0.043 −0.042
(0.019) (0.021) (0.021) (0.016) (0.016) (0.015) (0.015)

ED −0.171 −0.162 −0.161 −0.161 −0.051 −0.052
(0.011) (0.012) (0.007) (0.007) (0.012) (0.012)

PS −0.278 −0.279 −0.279 −0.198 −0.196
(0.102) (0.059) (0.059) (0.059) (0.059)

IS −0.000 −0.000 −0.000 −0.000
(0.000) (0.000) (0.000) (0.000)

SD 0.000 0.000 0.000
(0.000) (0.000) (0.000)

ID −0.087 −0.087
(0.008) (0.008)

OP 1.021
(0.958)

Time FE YES YES YES YES YES YES YES

City FE YES YES YES YES YES YES YES

Constant 3.666 5.447 6.979 6.981 6.977 6.478 6.475
(0.002) (0.118) (0.544) (0.336) (0.336) (0.332) (0.332)

Observations 3,300 3,287 3,283 3,282 3,282 3,264 3,264

R2 within 0.032 0.185 0.190 0.192 0.193 0.228 0.228

Notes: The level of economic development (ED), measured by GDP per capita (logarithm). Population size (PS), measured
as the total population of the city at the end of the year (logarithm). Industrial structure (IS), measured by the proportion
of the output value of the tertiary industry to GDP. The level of secondary industry development (SD), measured by the
proportion of the output value of the secondary industry to GDP. The level of infrastructure development (ID), defined as
the length of road construction (logarithm). The level of opening-up to the outside world (OP), measured by the ratio of
FDI and GDP. All control variables are lagged by one period. Standard errors in parentheses.

confounding events might bias our estimates, and this section provides additional sup-
port using an IV approach. We use predicted EIPs as the IV for real establishment
of EIPs. Specifically, first, following the forecasting method proposed by Lipscomb et
al. (2013), we predicted the likelihood of the placement of EIPs based on predeter-
mined local geographic attributes over each of the five-year periods (see online appendix
table A1). Second, referring to Lu et al. (2023a), we further adopted a jackknife method
and estimated the probability of having an EIP. This ‘leave-out’estimate partly alleviates
the concern about a weak instrument problem as it is less likely to violate the exclu-
sion restriction criterion. Then, we ranked the cities based on the estimated probability,
as was done by Duflo and Pande (2007), and generated a 0/1 variable on the predicted
EIP, for the top Nj cities if the province launched Nj EIPs during that period. The pre-
dicted EIP serves as an IV for the actual EIP. Table 3 shows the results of IV estimation
based on the two-stage least square (2SLS) strategy. Column (1) shows the first-stage
result, which indicates the IV is a very strong positive predictor of establishing EIPs with
a Cragg-Donald Wald F-statistic larger than 10, eliminating the problem of weak IVs.
The second-stage result is shown in column (2); although the absolute estimation is
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Table 3. IV estimation

(1) (2)

First-stage estimates Second-stage estimates

EIP lnPM2.5

IV 0.075
(0.000)

EIP −0.228
(0.125)

Cragg-Donald Wald F-statistic 31.518

Control variables YES YES

Observations 3,170 3,170

Notes: Standard errors in parentheses.

much larger than those in the traditional DID estimation, the 2SLS estimate confirms
the negative relationship of EIPs and haze pollution.

5. Extensive analysis
5.1 Robustness test
5.1.1 PSM-DID
Cities with EIPs tend to invest more in environmental protection and the public may
have stronger environmental awareness to embrace a better ecological environment.
For this reason, referring to Heckman et al. (1998), this paper uses the PSM method to
match the treatment group and the control group cities within a common value range,
and then estimate the model with the DIDmethod. Our matching approach begins with
selecting matching variables. The variables include the level of economic development,
population size, industrial structure, level of secondary industry development, level of
infrastructure development, and level of opening-up to the outside world. Next, we use
the logitmodel parameter estimation to obtain the propensity score. Finally, the observa-
tions sharing a similar propensity score arematched. This paper adopts three approaches
to find a matched control city for each of the treatment cities, namely, nearest neighbor
matching, radius matching and kernel matching.We then performDID estimation after
matching.3 The results are reported in table 4, and indicate that EIPs have significantly
improved urban air quality.

5.1.2 Placebo test
In order to ensure the robustness of the conclusions of this research, and to further
examine the influence of EIPs on haze pollution without the interference of other unob-
servable factors, this paper performs a placebo test (Li et al., 2016). Specifically, the data
are first grouped according to cities. One year was randomly selected from the year vari-
able in each city as its policy time to construct the policy dummyvariable, and thenmodel

3It should be noted that after matching and before estimating the coefficients, balance tests should be
further conducted. The results are not presented here due to space limitation. The absolute values of the
standard deviations of each variable are greatly reduced after matching. The t-test of each variable does not
reject the null hypothesis that the two sets of data are not significantly different, indicating that PSM has a
better matching effect on the sample cities.
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Table 4. PSM-DID estimation results

(1) (2) (3)

Nearest neighbor matching Radius matching Kernel matching

Variable lnPM2.5 lnPM2.5 lnPM2.5

EIP −0.070 −0.121 −0.119
(0.015) (0.016) (0.016)

Control variables YES YES YES

Time FE YES YES YES

City FE YES YES YES

Constant 5.713 7.010 7.159
(0.363) (0.374) (0.351)

Observations 2,511 2,795 3,242

R2 within 0.228 0.071 0.066

Notes: Standard errors in parentheses.

(1) was used for regressions. We repeated the above process 1000 times, and figure A3
(online appendix) plots the p-value and the distribution of regression coefficient kernel
density. In figure A3, the influence coefficient of EIP on haze pollution in the baseline
regression is marked with dashed lines. It can be seen that the coefficients of EIP policy
under the placebo test are mostly concentrated around 0, which is obviously different
from the actual estimated parameters, which proves that the influence effect of EIP on
haze pollution does not result from unobservable factors, and thus indicates that the
results of the baseline regression are robust.

5.1.3 Additional robustness checks
We present a set of additional robustness checks of our baseline regression results to
buttress the causal interpretation of our results. First, following Wu et al. (2023), we
assume the year in which each city first constructs an EIP is the policy year. However,
one concern is the expectation effects. Specifically, industrial parks may take environ-
ment protection measures to meet the requirement of the environment commitment
statement before submitting the development plan and thus increase the possibility of
being approved for EIP construction. To further verify that the establishment of the EIPs
is an exogenous shock,we examine the expectation effects by constructing a dummyvari-
able Before1. Before1 equals one if the observation year is for one year before the EIP
construction and zero otherwise. Then, we include the dummy in our baseline regres-
sion along with our control variables. The result in column (1) of table A2 in the online
appendix shows that the coefficient of Before1 is not significant, indicating that the
establishment of the EIPs cannot be predicted by the environment protection measures
taken in advance, which further alleviates the endogeneity concern about the expectation
effects.

Second, we prune the baseline sample in twoways to ensure that cities/provinces with
specific characteristics are not driving the results. (1) We exclude the centrally adminis-
tered municipalities. The administrative level of centrally administered municipality is
the same as a province, which gives them advantages in urban pattern, economic level
and policy preferences over an ordinary prefecture-level city. (2) We exclude provinces
without EIPs. The research objects are 276 prefecture-level cities in China, and it is worth
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noting that the EIPs are mainly established in economically developed provinces. In
order to improve the comparability between the treatment group and the control group,
this paper excludes provinces without EIPs. (3) We exclude the observation of the EIPs
under construction. An EIP under construction is not accepted and named officially,
which may bias estimates of EIPs on local air quality. The results reported in columns
(2)–(4) of table A2 in the online appendix suggest that our baseline result is robust to
sample selection bias.

Third, any other events during the sample period that affected haze pollution may
bias our estimates.We consider three contemporary policies to alleviate the confounding
effects. (1) The new environmental protection law. China’s new Environmental Protec-
tion Law, implemented on January 1, 2015, is the nation’s first attempt to harmonize
economic and social development with environmental protection. It improves environ-
mental regulation and details harsher penalties for environmental offences, which may
have a positive impact on air quality. (2) The low-carbon city (LCC) pilot project. In
2010, the Chinese government announced the first batch of cities and provinces to carry
out the LCC project. Subsequently, the list of the second and third batches of pilots
was released in 2012 and 2017, respectively. The implementation of LCC projects has
effectively accelerated low-carbon technological innovation and reduced carbon emis-
sions (Yang et al., 2023). (3) The Carbon Emission Rights Trading Pilot (CERTP) policy.
The National Development and Reform Commission has organized several clusters of
CERTPs, in 2011, 2013 and 2016. The goal of CERTP policy is reducing greenhouse gas
emissions at amuch lower cost andupgrading industrial structure. In this regard, CERTP
policy has a positive effect on reducing haze pollution. The results presented in table A3
in the online appendix show that, after controlling for the enactment of environmental
laws, low carbon city policy, and emission trading pilot policy, the coefficients of EIP
continue to be significantly negative, supporting our main hypothesis.

Fourth, to investigate whether our baseline result is robust to the measurement of
variables, we consider the alternative proxy. The paper employs the number of EIPs in
prefecture-level cities as a substitute independent variable and the results are shown in
column (1) of table A4 in the online appendix. We further employ the SO2 emissions as
proxies for haze pollution. The regression results shown in columns (2)–(3) of table A4
indicate that the construction of EIPs reduces urban SO2 emissions, which is consistent
with our main result.

5.2 Heterogeneous analysis
5.2.1 Heterogeneity of resource endowments
Differently from non-resource-based cities, the economic development of resource-
based cities depends on the exploitation and processing of natural resources, lead-
ing to severe resource exhaustion and environmental deterioration (Yu et al., 2022).
Therefore, we test the difference of EIPs on the haze pollution of cities with different
resource endowments. We classify the sample cities based on their resource endow-
ments according to the Plan of Sustainable Development for Resource-based cities in
China (2013–2020) issued by the State Council. Specifically, 111 prefecture-level cities
are defined as resource-based cities, while another 165 cities are defined as non-resource-
based cities. The results are presented in columns (1)–(2) of table A5 in the online
appendix. We find that the establishment of an EIP can not only promote the improve-
ment in air quality in resource-based cities, but also in the non-resource-based city.What
is more, the empirical P-value used to test the significance of the differences between
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the coefficients is 0.000, suggesting that the difference is significant. The results clearly
illustrate that for resource-based cities, the effect of EIPs on haze pollution is more pro-
nounced. The reason may be that resource-based cities often rely on heavy industry for
development andmay suffer from resource-exhaustion and serious pollution in the long
term. EIPs promote the formation of an industry symbiosis of sharing resources and
exchanging by-products. This can help resource-based cities escape the curse of natural
resources.

5.2.2 Geographic heterogeneity
The eastern coastal region of China has the rational industrial structure high marke-
tization level and favorable conditions for innovation, which are helpful in exerting
the reduction effect of EIPs on haze pollution (Yang et al., 2023). Compared with the
eastern region, China’s central region and western regions are landlocked. The eco-
nomic development of landlocked regions heavily relies on the resource-based industries
with high pollution and high energy consumption; therefore, these regions do not lay a
solid foundation for the development of ‘high-tech’ industries (Yu and Zhang, 2022).
These characteristics make it difficult to exert the reduction effect of EIPs. According to
figure 1, the number of EIPs in western China is also significantly less than that in the
eastern and central regions. According to the above analysis, we try to examine the het-
erogeneous effects of different regions. Cities are divided into three groups according to
their location, namely EasternChina, Central China, andWesternChina. TableA5 in the
online appendix presents the impact of the EIPs on haze pollution in different regions.
The coefficient is negative at the 1 per cent level of significance in column (3), whereas
it does not pass the significance test in columns (4) and (5). Meanwhile, the empirical
P-value between the eastern and central, eastern and western, central and western are
0.000, 0.000 and 0.050, respectively. The results suggest that the difference is significant,
meaning that compared with central and western cities, the air quality in eastern cities
has been greatly improved due to the EIPs.

5.3 Mechanism analysis
In this section, we examine intrinsic influencemechanisms throughwhich the EIP affects
urban haze pollution. We check the connection between EIP and green technological
innovation (GTI), industrial structure upgrading (ISU) and environmental regulation
(ER). The specific regression model is as follows:

Mit = λ0 + λ1EIPit +
∑

θj Xit + μi + νt + 	it , (3)

where M represents the mechanism variable The other variables are consistent with
equation (1). First, we use the number of patents of the city as a measure of technology
innovation. Second, referring to Gan et al. (2011), we use two measures to calculate the
industrial structure upgrading: rationalization of industrial structure (RIS) and advance-
ment of industrial structure (AIS). We obtain industrial structure using equations (4)
and (5) where Yi,t/Yt is a ratio with Yi,t being output of industrial sector i and Yt being
total output. Li,t/Lt refers to the ratio of employment in the industrial sectors i to all sec-
tors. Third, referring to Dong et al. (2020) andHou et al. (2023), this paper measures the
intensity of environmental regulations by calculating the composite pollution index of
gaseous emissions, including industrial wastewater, soot, and sulfur dioxide emissions.
Specifically, we first calculate the emission intensity of each pollutant and normalize it.
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Table 5. Influence mechanisms

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

Variable GTI AIS RIS ER

EIP 0.405 0.158 0.018 0.013
(0.056) (0.027) (0.005) (0.006)

Control variable YES YES YES YES

Time FE YES YES YES YES

City FE YES YES YES YES

Constant 0.065 −1.376 0.289 −0.181
(0.399) (0.162) (0.027) (0.027)

Observations 2,739 1,796 1,799 3,088

R2 within 0.673 0.202 0.088 0.087

Notes: GTI represents green technology innovation, measured by the number of green patents of the city. AIS represents
advancement of industrial structure. RIS represents rationalization of industrial structure. ER represents environmental
regulation. Standard errors in parentheses.

Then, we use the adjustment weight, the ratio of each pollutant emission intensity to
its average emission intensity, to reflect the difference in pollution among the samples.
Last, we calculate the environmental regulation intensity of each city in the panel data
by summing up the product of adjustment weight and each pollutant emission intensity.

RISi,t = 1 − 1
3

3∑

i=1

∣∣∣∣
Yi,t

Yt
− Li,t

Lt

∣∣∣∣ (4)

AISi,t = Y3,t

Y2,t
(5)

The regression results are reported in table 5. The result in column (1) shows the
coefficient of EIP is positive and significant at the 5 per cent level, which indicates that
the establishment of EIPs can improve urban green technological innovation. Columns
(2)–(3) show that the regression coefficient of EIP is significantly positive, implying
that the establishment of EIPs can also promote industrial structure upgrading. From
the result in column (4) of table 5, we find that the construction of EIPs has a signifi-
cant positive effect on improving the level of urban environmental regulation. In sum,
the above results confirm that the implementation of EIP policy is driving air quality
improvement by promoting technological innovation, upgrading industrial structure
and strengthening urban environmental regulation.

6. Conclusions and policy implications
This paper uses the exogenous shock of the implementation of the EIP policy in China
to construct a quasi-natural experiment, systematically assessing the effect of the estab-
lishment of EIPs on urban haze pollution through the DID method. The empirical
results show that, first, the construction of EIPs will significantly improve urban air
quality. Second, the effect of EIPs on haze pollution is more pronounced in eastern and
resource-based cities. Third, the EIPs have decreased urban environmental pollution by
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promoting technological innovation, upgrading industrial structure and strengthening
urban environmental regulations.

Based on the main conclusions of this paper, the following policy recommendations
are put forward. First, China should vigorously promote the construction of EIPs nation-
wide. However, the coverage of cities where EIPs are set up is still relatively narrow,
which shows that the construction of EIPs has a huge potential for reducing haze pollu-
tion and has yet to be tapped. At this stage, efforts should be taken to provide preferential
policies for EIPs – such as financial incentives, industrial upgrading, environmental gov-
ernance, and green innovation – and support environmental infrastructure construction
so that traditional industrial parks can be transformed into EIPs.

Second, the government should implement differentiated development strategies of
EIPs based on local conditions and promote the balanced development of EIPs across
different regions in China. For western and central cities, they should develop various
types of EIPs with different construction focuses, so as to achieve enhanced environ-
mental, economic and social performance. For non-resource-based cities, they should
increase subsidies to stimulate the cities’ enthusiasm for EIP construction and incentivize
their motivation to learn advancedmanagement experience. In addition, the developing
cities should learn good experiences from pilot regions, strengthen their awareness of
environmental responsibilities and change the traditional business philosophy that pri-
oritizes production over environmental protection to enable the policy to play a full role
in these areas.

Third, the government should explore the path of emissions reduction from differ-
ent perspectives. On the one hand, they should increase high-tech and high-skill human
capital investment, improve the ability and quality of independent innovation, and pro-
mote the rational and effective allocation of resources.On the other hand, they need to set
strict standards to promote the upgrading of traditional industries, strengthen environ-
mental management system certification and environmental information disclosure. In
addition, government regulation, market regulation and social public regulations should
also be put forward and emphasized to ensure that EIPs reduce haze pollution in the
green production of cities.

7. Limitations and future research
Like the previous literature, this paper has some limitations, which provide directions
and suggestions for future research. First, this paper puts forward a way to evaluate
the impact of EIPs on the environment in China. Due to data limitations, however, the
research can only examine the short-term effect of EIPs on haze pollution rather than the
results in the long term. Second, in the selection of indicators, EIPsmay also reducewater
pollution, soil pollution and other environmental problems in addition to haze pollu-
tion; therefore, follow-up studies are needed on these topics. Third, this study mainly
focuses on the emission reduction effect brought about by EIPs, without examining its
economic effect, which cannot directly answer the question of how to trade off between
economic development and environmental protection.Despite these limitations, it is still
undeniable that not only does our paper provide evidence for the relationship between
EIPs and haze pollution and extend the research of industrial parks and environmental
performance, it also shows reference value for the government to reduce haze pollution.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X24000391.
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