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Abstract: Environmental pollution has recently become a serious economic issue, and finding ways
to reduce pollution in economic development is an urgent task for developing countries, especially
China. In this paper, we aim to document the policy role of development zones (DZs) in promoting
China’s economic development on environmental pollution and consider the establishment of DZs as
a quasi-natural experiment. Specifically, we identify the establishment of DZs on pollution emissions
based on the staggered difference-in-difference (DID) approach by setting a dummy variable for
DZ policies. Furthermore, we examine the heterogeneity of provincial and national (high-tech and
economic development zones) DZs on pollution to detect the government domination effect. Finally,
in order to deal with the potential spatial spillover effects of DZs, this paper applies the spatial
difference-in-difference (SDID) method to explore the spatial reallocation effects of DZs. The results
indicate that the provincial DZs can aggravate China’s pollution intensity, but they will no longer play
the same role for national-level policies. Moreover, we find that national high-tech industrial DZs
(HTZs) can reduce pollution intensity. In particular, the national DZs can bring about the reallocation
of pollution among cities working as a selective place-based policy. That means that the national
HTZs will not only reduce the local pollution intensity, but also reduce that of surrounding areas.
Our empirical results highlight that cities should be encouraged to set up national HTZs in order to
achieve an environmentally friendly high-quality development goal.

Keywords: development zones; environmental pollution; government domination

1. Introduction

Establishing development zones (hereafter DZs) is an important location-oriented
policy and a critical part of the regional economic development strategy [1]. In devel-
oped countries, the UK was the first to build DZs with the aim of driving economic
development [2]. Unlike the UK, the main goal of establishing DZs in the US is to revi-
talize deprived urban areas and balance inter-regional development, so these DZs are
usually chosen to be established in poor areas [3]. Meanwhile, establishing DZs as a pol-
icy to promote economic growth is also prevalent in developing countries, especially in
China which has 387 national DZs and 2299 provincial DZs by 2021. Many studies have
confirmed that the DZs can help achieve an agglomeration economy, similar to many place-
based programs in developed countries [4–8], by attracting high-tech firms and promoting
their interactions [9,10], attracting foreign direct investment [11–15], optimizing industrial
structure and resource allocation [16,17], and then improving GDP growth [18], even for
DZs located in the suburban areas, which is confirmed in the case of Beijing, Wuhan and
Nanjing [19–21]. However, although China is achieving rapid economic growth, the envi-
ronmental pollution is also becoming more and more serious [22,23], which has significantly
hindered China’s sustainable development [24–27]. Previous studies have mainly explored
the role of DZs in economic performance rather than environmental pollution, but with the
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economy becoming larger, developing countries have begun to emphasize the economic
quality, especially in China, where environmental protection has become an important
aspect. Thus, this paper is concerned with assessing the effect of DZ policies on pollution.

How do DZs affect pollution? Previous studies have mainly focused on the economic
agglomeration effect, which can bring about the competition effect and knowledge diffusion
effect among firms [7,28,29]. For example, that will increase the competitive pressure among
firms and force them to update their technology, reduce the learning cost and increase
the flow speed of information and technology among firms, which in turn may reduce
the resource consumption and pollution per unit of output for the local and surrounding
firms [4,21,30]. Firms may also actively engage in environmental protection to improve
their social reputation and differentiated competition [31,32]. Although the theories are
relatively consistent about the positive effect of economic agglomeration on the environment,
empirical analyses show great disputes. Some research finds that economic agglomeration
can reduce pollution [22,33,34], while others proved that economic agglomeration can
aggravate pollution [35–37], especially the empirical analysis of how China’s DZs affect the
environment, where Fan et al. (2019), Liang & Yang (2019) have documented that DZs will
aggravate the pollution intensity [38,39], while Guo et al. (2019, 2021) and Zhou et al. (2019)
reach the opposite conclusion that DZs will reduce pollution intensity [40–42].

As for why there is such a controversy, one possible reason is that previous literature
may have ignored the fact that the establishment of DZs in China has another distinctive
feature—government domination.

One aspect of government domination are the preferential policies for the firms within
the DZs on which most of the previous studies have also focused, such as lower-priced
industrial land [43], greater financial subsidies and tax breaks [13,14]. These preferential
policies reduced the R&D risks and R&D costs of firms and stimulated innovation enthu-
siasm [44]. Additionally, the easing of the firms’ financing constraints will further lower
the investment and production threshold for firms, allowing more small and medium-
sized firms to enter and bringing about the expansion of the DZs’ industrial scale [45].
These preferential policies significantly promote the technology progress and upgrading of
firms [13,29]. Thus, in terms of government-led preferential policies, DZs can reduce the
pollution discharge per unit of a firm’s output.

However, there are another two important and special aspects of the government-
dominated DZs policy in China—policy upgrading and industrial selection. Thus, this
paper further analyzes the effect of DZs on pollution, in combination with the two special
features. There are two political levels of DZs, provincial and national development zones,
where most national DZs are upgraded from the provincial DZs [46], and they have different
attitudes towards environmental protection with different governmental objectives. As
shown in Section 4, provincial DZs sacrifice the environment in favor of GDP growth, but
the national DZs reduce the pollution discharge intensity. Furthermore, there are two types
of national DZs, high-tech industrial development zones (hereafter HTZs) and economic
and technological development zones (hereafter ETZs), which have different industrial
criteria. As shown in Section 6, these two types of DZs have different effects on pollution.
The HTZs will significantly reduce the pollution discharge intensity, as they prefer the
high-tech firms [21], but the ETZs significantly increase the pollution intensity, as they
concentrate on the traditional manufacturing firms [47].

Moreover, government domination may bring about the reallocation of pollution
among cities. As a place-based industrial policy, the establishment of DZs is a selective
process, some cities have been selected and some have not. Such a selective policy will
certainly realize the resource reallocation [16], causing some firms or resources to flow
from the areas without DZs to the areas with DZs. Such a reallocation effect will not only
affect the resource allocation efficiency, but also bring about the reallocation of pollution
among cities due to the different preference for industries of DZs [48]. For example, if
the industries are high-tech and green, and such industries are precisely preferred and
attracted by HTZs, then the HTZs will reduce the local pollution discharge intensity, while
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in other regions the pollution discharge intensity has been passively increased as a result of
the departure of such green industries.

To the best of our knowledge, very few studies have paid attention to the environmen-
tal effect of DZs, most of the papers are based on the perspective of agglomeration effects
when study the impact of DZs on economic performance, and documented that the forma-
tion of agglomeration economies would bring scale economy and economic growth [14,15].
Meanwhile, other scholars have begun to pay attention to the government-dominated
aspects of DZs, which will give preferential policies to firms in DZ, thereby encouraging
them to innovate and upgrade their technology, which may reduce pollution emissions as
well [43,45]. Although some research has begun to document the impact of DZs on pollu-
tant emissions, the literature still ignores the other two aspects of government-dominated
DZs in China: the upgrading effect from provincial DZs to national DZs and the selection
effect of DZs on leading industries—these two effects may have a significant impact on the
pollution discharge behavior [21].

To this end, this paper attempts to extend the existing literature from the following
aspects: Firstly, we focus on the environmental consequence of DZs which have long been
under-recognized in the evaluation of China’s DZ policies. Secondly, the policy of DZs in
China is characterized by industrial selection, which makes it possible to reduce pollution
intensity in HTZs that choose high-tech industries, while increasing pollution intensity in
ETZs that choose traditional manufacturing industries [47]. Thirdly, the establishment of
DZs in China is characterized by upgrading process, from none to owning the provincial
DZs, and then the national DZs [46]. To apply the provincial DZs, local governments mainly
focus on boosting the economic scale, while ignoring the environment or even sacrificing the
environment, but to apply the national DZs, such as the HTZs, they may be concerned with
the economic quality, and also pay more attention to the environment [21,49]. Therefore,
we take the establishment of DZs as a quasi-natural experiment, and use staggered DID
to identify the impact of establishment and upgrading of DZs on pollution emissions.
Moreover, we also test for heterogeneity of different types of DZs. Finally, the establishment
of DZs with selective characteristics has an obvious resource reallocation and pollution
reallocation effect [16,48], so the spatial DID method is used to identify the reallocation
effects.

The remainder of the paper is organized into seven sections: Section 2 introduces
the background of the DZs program. Section 3 introduces the empirical strategy with the
difference-in-differences (DID) method. Section 4 discusses the basic empirical analysis
results of how provincial or national DZs affect the pollution intensity. Section 5 presents
parallel trend test for the DID method. Section 6 discusses the different effects of national
HTZs and national ETZs on pollution. Section 7 discusses the pollution reallocation effects
of DZs with spatial DID method. Section 8 concludes.

2. Background

There are two political levels of DZs in China, the provincial and the national, Figure 1
shows the number of DZs established over the years. With the establishment of the first
10 national DZs in 1984, the number of national DZs had increased to 387 by 2021. Although
the first established DZ is the national, a large number of provincial DZs were established
after Deng Xiaoping’s famous southern tour in 1992, with a total of 541 provincial DZs
established by 2000 (a few have been upgraded to the national), which were considered
important engines for industrial clusters and economic growth in the context of reform and
opening up, and which were mainly concentrated in the eastern and central regions. With
the implementation of the Western Development Strategy from 2000, the provincial DZs
began to be concentrated in the central and western regions, and in 2009, the cities with
provincial DZs have covered most of China, with more than 1700 provincial DZs (some
have been upgraded to the national). However, only 73 national DZs were established
before 1992, and only 39 from 1993 to 2009. However, in order to cope with the decline
of economic growth after the financial crisis, 260 provincial DZs were upgraded to the
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national level from 2010 to 2018, while more than 600 provincial DZs were also established
during this period. By 2021, there were 387 national DZs and 2299 provincial DZs in China,
and the geographical distribution and evolution of DZs are shown in Figure 2.
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Figure 1. Time Distribution of Newly Established DZs. (a) No. of Provincial DZs. (b) No. of National
DZs. Notes: the accumulated No. of DZs are listed on the right axis.

China’s national DZs are mainly upgraded from the provincial (308 provincial DZs
have been upgraded to the national level, accounting for 79.59% of all national DZs).
In terms of the approval process, to establish a provincial DZ, the city should apply to
the provincial planning or science and technology administrative department, and the
provincial administrative departments have a great incentive to pass this application to
stimulate local economic growth. When the provincial DZ is developed enough, it can
be upgraded to a national DZ by applying to the relevant central ministry, usually to the
Ministry of Science and Technology for a national HTZ and to the Ministry of Commerce
for a national ETZ. These state administrative departments will select from all applicants
to approve, and every province will take out the best provincial ones when applying for
the national DZs. The main goal of provincial DZs is to realize industrial agglomeration
and economic growth, although the industries attracted may be resource-consuming and
polluting. However, when they apply for upgrading to a national one, the requirements of
the state administrative departments are strict, concerning not only the economic scale, but
also some indicators reflecting economic quality, such as industrial structure, innovation
capacity, and environmental protection. Therefore, such an upgrading process has led to
different political levels of DZs in China, and different governmental objectives, which in
turn has led to the different effect of DZs on pollution discharge intensity.

This upgraded national DZs have many advantages compared to the provincial DZs.
Firstly, the administrative level is raised, the provincial DZ is like a town while the national
DZ is a municipal district, which makes the investment attraction more flexible. Moreover,
preferential policies will be strengthened, for example, provincial DZs are more likely to
enjoy reduced land rent, while national DZs can enjoy more national-level benefits, such as
VAT exemptions. Thirdly, compared to the huge number of provincial DZs, the number
of cites with national DZs is only 19%, and “national DZ” is still a very scarce city card.
Finally, there will be more opportunities for policy piloting to national DZs, and more
national and provincial policies will be enjoyed first.

Moreover, when the provincial DZs upgrade to national, they will be divided into two
types, HTZs and ETZs . The HTZs were established to develop high-tech industries, so their
industrial selection mainly focuses on high-tech industries, such as the industries related
to information technology, biotechnology, and new material technology. However, the
ETZs have the direct goal of increasing GDP through introducing foreign investment and
developing export-oriented industries which are mainly the manufacturing and processing
trade industries, regardless of whether the pollution is serious or not. As for the application
process, the national HTZ is mainly applied to the Ministry of Science and Technology,
which aims to promote scientific and technological innovation. After the application, the
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State Council organizes the Development and Reform Commission, the Ministry of Land
and Resources, the Ministry of Construction to jointly examine and approve and, finally,
issue a document.

None
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Figure 2. The geographic evolution of China’s DZs. Notes: The green ones are provincial DZs, and
the orange ones are national DZs.

Meanwhile, the national ETZ is led by the Ministry of Commerce for review. Although
the opinions of the Ministry of Land and Resources, the Ministry of Construction, and the
Development and Reform Commission are also required throughout the application and
approval process, and finally approved and issued by the State Council, the main leading
department is the Ministry of Commerce. The latter is mainly concerned with foreign trade
and international economic cooperation. Moreover, the Ministry of Science and Technology
decides whether or not to approve an applicant as a national HTZ based on the statistics
such as the economic development level (e.g., GDP, exports, investment, etc.), fiscal revenue
and expenditure (mainly the expenditure on science and technology), human capital level
(number of highly educated employees), and innovation (e.g., number of patents, high-tech
enterprises, etc.) However, when deciding whether to approve an applicant as a national
ETZ, the statistics of the Ministry of Commerce are mainly concerned with the annual
industrial output value per square kilometer, the overall scale of tax revenue, the scale of
foreign direct investment and exports. Therefore, such differences in applying process and
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objectives have led to different industrial development requirements and different choices
of key industries in each type of national DZ, which in turn have led to different levels of
environmental pollution by different industries or enterprises within the DZs.

3. Empirical Strategy and Data

The effect of DZ policies on pollutant emissions is estimated based on the staggered
difference-in-difference (DID) approach. Firstly, the dummy variable did is set for DZ
policies—regardless of whether the DZ is national or provincial—to estimate the overall
effect, where did equals one for municipalities with DZs and zero otherwise. We set the
dummy variable did to indicate whether there is a DZ in city i at year t. Generally, this
method should set one dummy variable treated, the cities with DZ are in the experimental
group, and the variable treated equals 1, the cities without DZ are in the control group
and treated equals 0, therefore, variable treated can capture the differences between the
experimental group and the control group even if no experiment is conducted. Meanwhile,
this method should set another dummy variable post which takes the establishment time
of DZ as the dividing line, the variable post equals 1 if the city has established DZ, the post
is 0 if not, therefore, variable post can describe the differences between the two periods
before and after the quasi-experiment. Then, the regression coefficient of the interaction
term treated × post can measure precisely the effect of DZ policy on the experimental group.
However, the DZs in some cities were not established in the same year. Therefore, the
typical DID method is not consistent with ours, but we can see that the interaction term
treated × post in the typical DID method is exactly the variable did in our setting. The
corresponding econometric model is:

wasit = β0 + β1didit + γXit + ui + vt + εit (1)

The explanatory variable wasit is the intensity of pollutant emissions in city i at year t.
Given the availability of data, we use the logarithm of the ratio of wastewater (104 tons) and
sulfur dioxide emissions (tons) to GDP (104 CNY) for each city, which were denoted as lnw
and lns, respectively. For the choice of control variables, Zhu et al. (2019), Zhao et al. (2020),
and Cheng et al. (2018) suggest that industrial structure and foreign direct investment have
a significant effect on pollutant emissions, while Chen et al. (2020) and Rahman et al. (2021)
demonstrate that population density has an important effect on pollutant emissions, while
Elheddad et al. (2021) elaborated on the effect of financial development level, and Liu et al.
(2018) pointed out that city size can have a significant effect on pollutant emissions [50–56].
Therefore, the control variables X mainly include: the industrial structure variable ind,
measured by the proportion of total value added of secondary and tertiary industries to
GDP; the population density variable pod, measured by the number of people per unit of
land area (thousand people/km2); the financial development level variable f in, measured
by the ratio of year-end financial institutions’ loan balances to GDP; the foreign direct
investment variable f di, measured by the ratio of total foreign direct investment (converted
to CNY using the annual average real effective exchange rate) to GDP; and the city size
variable csz, measured by the logarithm of total city population (104 people). Meanwhile,
ui and vt are city and year fixed effect, and εit is the stochastic disturbance.

The entire dataset was obtained from the China’s Urban Statistical Yearbook, which is
published by The National Bureau of Statistics of China. Additionally, some scholars have
used these data in their empirical studies [14,57–59]. Therefore, these data have a high
degree of credibility. Given that the wastewater and waste gas data in this yearbook have
been disclosed only since 2003, the data used in this paper span the period 2003–2019 and
include 288 cities at the prefecture level and above. The statistical analysis of the main
variables is shown in Table 1.
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Table 1. Descriptive statistics of each variable.

Var. Name Obs Mean Std. Dev. Min Max

lnw 4630 −7.7435 1.0874 −13.4289 −3.5431
lns 4627 −5.7173 1.4596 −14.5143 −1.4368
ind 4639 0.8589 0.0901 0.5011 0.9997
pod 4811 0.4258 0.3312 0.0000 2.7130
f in 4823 0.8715 0.5560 0.0753 9.6229
f di 4419 0.0209 0.0230 0.0000 0.3758
csz 4813 5.8482 0.7417 −3.2189 8.1363

We will follow the upgrade process when analyzing the role of DZ policies. Firstly, the
overall impact of the DZ policy is analyzed empirically, at which point cities that establish
DZs are used as the treated group, whether they establish provincial DZs or national DZs,
and that cities which establish no DZs are used as the control group. Secondly, only the
role of provincial DZ policies is empirically analyzed, and for this purpose, those cities that
are upgraded to national DZs were removed from the sample, and the treated group is
those cities that with only provincial DZs, and the control group contained still those cities
without DZs. Finally, to empirically analyze the effect of upgrading from provincial to
national DZs, then those cities that are upgraded to national-level DZs are included as the
treated group, while those cities that only have provincial DZs are included as the control
group.

Moreover, when the provincial DZs upgrade to the national level, they will be divided
into HTZs and ETZs. It can be seen that the two types of DZs display obvious differences
in industrial development, with HTZs focusing more on high-tech industries and ETZs
focusing mainly on manufacturing industries under foreign investment. This difference
will inevitably lead to a different effect of the different industrial clusters on environment.
Therefore, the different types of DZs should also be taken into account when empirically
analyzing the effect of national DZs on pollution discharge. However, some cities have
both national HTZ and ETZ. Therefore, when empirically analyzing the role of national
HTZs or ETZs separately, the sample points which have both are removed.

The data on DZs in this paper were mainly obtained from the China Development
Zone Audit Bulletin Directory (hereafter CDZABD, 2018 Edition), which discloses both the
list of provincial DZs and the list of national DZs, and there is no intersection between these
two types. Since most national DZs are upgraded from provincial DZs and the CDZABD
only reports the time when they became national-level, in order to obtain the time when a
national DZ became a provincial DZ in the past, we first refer to the China Development
Zone Review Announcement Catalogue (hearafter CDZRAC, 2006 Edition) to find the time
when the national DZs setup during 2007 to 2018 was approved as a provincial DZ before
2006, and for the DZs that were upgraded to national level before 2006 or after 2018, we
used the official website to find the time when they were approved as provincial DZs.

4. Basic Results

First, we empirically analyzed the overall impact of all China’s DZs on pollution
discharge without considering the DZs’ upgrading process, the results are shown in Table 2,
where columns (1)–(2) present the impact of DZs on wastewater discharge intensity and
columns (3)–(4) present the impact on exhaust gas discharge intensity. The results of the
variable did show that DZs will increase the intensity of wastewater or exhaust gas in their
cities regardless of whether control variables are included (odd columns do not include
control variables and even columns include control variables). The establishment of DZs
increases wastewater discharge by 7.54%, Wang and Nie (2016) [60] documented that the
establishment of new DZs worsens the water quality of surrounding rivers. This suggest
that industrial agglomeration increases pollutant emissions. The intuitive implication of
this result is that although China’s DZs can increase production inputs, attract investment,
or upgrade the industrial structure and productivity of the city, which in turn leads to
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economic growth, this process comes at the expense of the environment increasing the
pollution discharge intensity. The DZs can realize the process of resource reallocation
under industrial agglomeration as well as the reallocation of pollution, which may bring
economic growth but increases relative pollution discharge faster. It means that the process
of resource reallocation brought by industrial agglomeration is more in the agglomeration
of those industries or enterprises with greater environmental pollution. Moreover, it is also
a process of resource expansion. An important role of China’s DZs is to attract investment
and FDI, then this result also means that, in the process of attracting investment to achieve
economic growth, it attracts more enterprises with relatively more serious environmental
pollution.

Table 2. Overall impact of DZ policies on emissions.

(1) (2) (3) (4)
lnw lnw lns lns

did 0.0663 * 0.0754 ** 0.2720 *** 0.2004 ***
(0.040) (0.036) (0.054) (0.055)

ind −2.3684 *** −0.8067 ***
(0.260) (0.308)

pod 0.7180 *** −1.3472 ***
(0.182) (0.215)

f in 0.0918 *** 0.1168 ***
(0.028) (0.033)

f di −0.7067 ** −0.0406
(0.342) (0.405)

csz −0.0141 −0.4568 ***
(0.138) (0.164)

cons. −6.6833 *** −5.0353 *** −4.8070 *** −0.9949
(0.047) (0.813) (0.056) (0.961)

City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 4630 4160 4627 4158
R2 0.7372 0.7351 0.7767 0.7676
F 781.7913 538.5685 964.5664 638.0513

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

However, there is one distinctive feature of China’s DZ policy—the upgrading of DZs.
First, local cities apply to provincial government departments, such as the Department
of Science and Technology or the Development and Reform Commission, to establish
provincial-level DZs. After years of building provincial-level DZs, provincial government
departments can apply to national ministries, such as the central Ministry of Science and
Technology, the Development and Reform Commission, and the Ministry of Commerce, to
upgrade from provincial-level DZs to national-level DZs. There are also a few DZs that
are national-level from the start, and these only account for about 20% of all national-level
DZs. In this regard, this paper further analyzes the hierarchy of DZs. For this reason,
this paper further analyzes the heterogeneous effects of policies on pollution emissions
between provincial and national DZs. Table 3 presents the role of provincial DZs and
Table 4 presents the role of national DZs.
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Table 3. The impact of provincial DZs.

(1) (2) (3) (4)
lnw lnw lns lns

did 0.1206 ** 0.1194 ** 0.1823 *** 0.1538 ***
(0.049) (0.048) (0.057) (0.058)

cons. −6.6852 *** −5.0344 *** −4.6275 *** −2.3041
(0.049) (1.802) (0.057) (2.402)

Controls No Yes No Yes
City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 2573 2510 2574 2313
R2 0.6553 0.6313 0.6397 0.6165
F 301.742 216.2048 282.7928 180.006

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

The coefficients of did in Table 3 show that if only provincial DZs are established,
then it will aggravate the pollution discharge intensity, which is consistent with Table 2.
However, Table 4 shows that if the DZ is upgraded from provincial to national level, then the
coefficients of did become insignificant. This suggests that the above discussion of the effect
of DZs on pollution only applies to provincial DZs, for example, the increase in pollution
intensity brought about by DZs through the resource reallocation effect or expansion effect
only occurs in provincial DZs. Provincial DZs focus more on whether attracting investment
can lead to greater economic growth than on whether it is environmentally friendly or even
at the expense of the environment. However, when the DZ is upgraded to the national level,
more attention will be paid to the environmental friendliness of the enterprises or industries
it attracts, avoiding the destruction of the environment while benefiting the economy. It can
be said that DZs are not only divided into different administrative levels—the provincial
and the national, but also different “quality” levels from an environmental perspective.

Table 4. The impact of national DZs.

(1) (2) (3) (4)
lnw lnws lns lns

did −0.0008 0.0333 0.0233 0.0469
(0.025) (0.025) (0.029) (0.029)

cons. −6.6279 *** −4.8453 *** −4.5487 *** −1.9596 **
(0.029) (0.810) (0.034) (0.979)

Controls No Yes No Yes
City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 4469 4263 4468 4016
R2 0.7390 0.7282 0.7867 0.7803
F 762.1298 558.472 986.7409 662.0061

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

5. Parallel Trend Test and Dynamic Impact

A premise of our DID strategy is that, in the absence of policy shock, the trend of the
pollution discharge intensity between the treated group (cities with DZ) and the control
group (cities without DZ) should be the same. Now, we construct the following model
referring to Howell (2019) [61] to test the parallel trend assumption,

wasit = β0 +
0

∑
j=−6

β jdynj
it + γXit + ui + vt + εit (2)

where dynj
it is the dummy variable of policy enactment time. Suppose that si is the year

when the DZ was established. dyn−6 = 1 if t − si ≤ −6, and 0 otherwise; dynj = 1 if
t − si = j, and 0 otherwise, for j = (−5,−4,−3,−2,−1). Then, the variables dyn−6 to
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dyn−1 describe the difference between the treated group and the control group before the
policy implementation. dyn0 = 1 if t − si ≥ 0 and 0 otherwise, it describes the effect of the
policy after its implementation. A year prior, policy implementation was chosen as the
baseline, that is, dyn−1 was removed from the regression. Then, we can test the parallel
trend hypothesis, β−6 = β−5 = . . . = β−2 = 0, if the hypothesis cannot be rejected, the
parallel trend assumption is considered to be satisfied, the results are shown in Table 5.
As can be seen, the F-test for the hypothesis β−6 = β−5 = . . . = β−2 = 0 shows that the
hypothesis cannot be rejected, and there is no systematic differences between treated group
and control group before policy implemented. Furthermore, the regression results based
on the variable dyn0 in columns (3) and (4) show that if only the policy of establishing a
provincial DZ will indeed aggravate the pollution discharge intensity, while the upgrade to
national DZ does not have such an impact. This is consistent with the previous results.

Table 5. Parallel trend test.

General Impact The Impact of Provincial DZs The Impact of National DZs
(1) (2) (3) (4) (5) (6)

lnw lns lnw lns lnw lns

≥6 years before −0.2738 −0.4196 ** −0.2347 −0.3389 * 0.002 0.0942 *
(dyn−6) (0.172) (0.205) (0.174) (0.203) (0.048) (0.056)

5 years before −0.2753 0.0243 −0.2435 0.0861 −0.0187 0.0953
(dyn−5) (0.216) (0.258) (0.219) (0.256) (0.057) (0.067)

4 years before −0.3465 * 0.1729 −0.3129 0.2214 −0.0154 0.0529
(dyn−4) (0.198) (0.237) (0.200) (0.235) (0.055) (0.065)

3 years before 0.0067 0.0991 0.0146 0.1218 −0.0077 0.0281
(dyn−3) (0.102) (0.122) (0.105) (0.122) (0.055) (0.065)

2 years before 0.0453 0.056 0.0488 0.0731 −0.0189 0.0098
(dyn−2) (0.100) (0.119) (0.102) (0.119) (0.055) (0.066)

1 years before
(dyn−1)

β−6 = β−5 =
. . . = β−2 = 0 1.50 1.48 1.20 1.32 0.08 0.94

Policy 0.0508 0.3043 *** 0.1111* 0.2325 *** −0.0086 0.0705
beginning(dyn0) (0.072) (0.087) (0.070) (0.088) (0.042) (0.050)

Note: In the case of the test β−6 = β−5 = . . . = β−2 = 0, the F-values are listed in the table. Cluster standard
error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

In order to further explore the dynamic effect of the DZs on pollution discharge, the
econometric model is constructed such that:

wasit = β0 +
6

∑
j=−1

β jdynj
it + γXit + ui + vt + εit (3)

where j = (−1, 0, 1, 2, 3, 4, 5, 6), and j = −1 or the variable dyn−1 is used to control for the
level of pollution discharge before policy implementation. The results for the dyn0 variable
describe the effect of the policy in the year of implementation, the regression results for the
dyn1 variable describe the effect of the policy one year after implementation, and so forth.
The pre-policy period is chosen as the baseline, that is, the variable dyn−1 is removed from
the regression. The results are shown in Table 6.

From columns (3) and (4), it can be seen that the aggravating effect of provincial
DZs on pollution discharge increases year by year as policy implementation, especially
for exhaust gases. As for national DZs, the aggravating effect on pollution discharge is
insignificant after the policy conducted, which show great consistency with our baseline
model in Table 4.
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Table 6. Dynamic analysis of the role of policies.

General Impact The Impact of Provincial DZs The Impact of National DZs
(1) (2) (3) (4) (5) (6)

lnw lns lnw lns lnw lns

Policy before

Policy year 0.0317 0.1096 0.0185 0.075 −0.0176 −0.0623
(0.075) (0.089) (0.077) (0.090) (0.043) (0.051)

1 year after 0.1160 * 0.1482 * 0.1146 0.0837 −0.0225 0.0207
(0.071) (0.085) (0.074) (0.086) (0.044) (0.052)

2 year after 0.0977 0.1477 * 0.1081 0.1194 0.0273 0.0238
(0.070) (0.083) (0.072) (0.084) (0.044) (0.052)

3 year after 0.1213 * 0.1589 * 0.1407 * 0.1503 * −0.0224 0.0199
(0.071) (0.084) (0.072) (0.084) (0.045) (0.054)

4 year after 0.0623 0.1679 ** 0.1501 ** 0.2428 *** −0.0281 0.0687
(0.068) (0.081) (0.073) (0.085) (0.046) (0.054)

5 year after 0.0341 0.1384 * 0.1603 ** 0.2086 ** 0.0305 0.0897
(0.069) (0.082) (0.074) (0.087) (0.050) (0.059)

≥6 year after 0.067 0.3238 *** 0.1678 *** 0.3809 *** 0.0343 0.0598
(0.052) (0.062) (0.059) (0.069) (0.039) (0.046)

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

6. The Heterogenous Effects of Different Types of DZs

As mentioned earlier, the implementation of specific policy measures is very different
between national HTZs and ETZs. The national HTZs mainly concentrates on high-tech
enterprises in three major industries—information technology, biotechnology, and new
material technology. However, the main purpose of the national ETZs is to attract foreign
investment and promote the development of manufacturing industries. Therefore, such a
difference in purpose may make a big difference in its impact on pollution discharge. We
verified this judgment in Tables 7 and 8. It can be seen that the results are different from
the previous results in Table 4. Only the national ETZs have a certain positive effect on
pollution discharge, and even the positive effect on wastewater is significant (as shown
in Table 8). In contrast, for the national HTZs (as shown in Table 7), it has a significant
inhibitory effect on pollution discharge. The coefficients in column (2) and (4) indicate that
the setup of HTZs can reduce 17.37% of SO2 emissions and 6.68% of wastewater discharge.
This result is consistent with the work of Wang et al. (2021) [62], they estimated that the
setup of HTZs can reduce SO2 emissions by 19.9 tons and 26.8% of their sample mean. This
difference in results verifies our previous analysis. The high-tech industries clustered in
the HTZs mainly rely on frontier technologies, and such industries involve relatively low
resource consumption and environmental pollution. Yang et al. (2022) [63] found that the
establishment of HTZs increases the number of green technology patents obtained by firms
by 0.093, with a sample mean value of 0.086, which means that the establishment of HTZs
increases the number of green technology patents obtained by firms by 108.1%. On the
other hand, the industries in the national ETZs are broader than those in the HTZs, and
less attention is paid to the technology-intensive industries, which are also relatively more
polluting.
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Table 7. The role of national-level HTZs.

(1) (2) (3) (4)
lnw lnw lns lns

did −0.0773 ** −0.0668 * −0.2090 *** −0.1737 ***
(0.037) (0.038) (0.045) (0.044)

cons. −6.5724 *** −3.9930 ** −4.4405 *** −0.6177
(0.031) (1.955) (0.038) (2.311)

Controls No Yes No Yes
City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 3000 2693 3000 2695
R2 0.9837 0.9762 0.9787 0.9707
F 10,674.9704 5023.2728 8140.1407 4066.6128

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

Table 8. The role of national-level economic ETZs.

(1) (2) (3) (4)
lnw lnw lns lns

did 0.0794 ** 0.0777 ** −0.0435 0.0215
(0.034) (0.034) (0.038) (0.037)

cons. −6.5998 *** −6.2864 *** −4.4653 *** −5.7378 ***
(0.033) (1.346) (0.037) (1.479)

Controls No Yes No Yes
City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 3032 2707 3035 2711
R2 0.9809 0.9688 0.9781 0.9659
F 9174.8239 3834.7932 8002.0841 3498.0715

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

7. The Pollution Reallocation Effect of DZs

Previous analysis shows that provincial DZs exacerbate the intensity of pollution
discharge, while upgrading to national DZs does not have such an effect. This empirical
result indicates that national DZs are of high quality, but provincial DZs are of low quality in
terms of environmental protection. However, an important remaining issue is that, although
provincial DZs increased pollution in their own cities, if such pollution is only transferred
in equal amounts from cities without DZs to cities with DZs, then such provincial DZs
are only “self-sacrificing” in the environment. Furthermore, national DZs can reduce
the pollution intensity in their own cities, if such a policy only attracts low-pollution
industries from outside the city, then such a policy is only “self-serving”. To answer this
question, we further analyzed the spatial externality of DZs empirically using the spatial
difference-in-difference (SDID) method, and the corresponding econometric model is:

wasit = β0 + λW × wasit + β1didit + β2W × didit + ui + vt + εit (4)

where W is the spatial 0–1 weight matrix of whether cities are next to each other. β1 reflects
the effect of the city’s own policies, namely, the direct effect, while β2 reflects the effect of
neighboring cities’ policies, namely, the indirect effects or partial spillover effect.

In order to measure the relative magnitude of the direct effect and spatial spillover
effect, and to address the difficulty in interpreting the coefficients of the spatial econometric
model, a partial differential method of the spatial regression model is obtained by referring
to the work of LeSage and Pace (2009) [64]. The direct effect reflects the impact of the DZ
in city i on pollution discharge only in city i, which includes the feedback effect, i.e., the
impact of policy in city i on other regions in turn affects city i. The spatial spillover effect
reflects the effect of the policy in neighboring city j on city i. The total effect is the sum of
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the direct effect and the spatial spillover effect, which can be interpreted as the average
effect of the DZ in a certain city on pollution discharge in all cities.

The empirical results are shown in Tables 9 and 10. It can be seen that the coefficients
of the spatial lags of the dependent variables are significantly non-zero (as shown in the
regression results of the variable W × was), which indicates that only using the regression
coefficients of the model to measure the spatial spillover effects of DZs will have systematic
bias [64], so we use the empirical results of the direct and indirect effects shown in the table
to perform the analysis.

Table 9. Role of DZs.

The Role of Provincial DZs The Role of National DZs
(1) (2) (3) (4)

lnw lns lnw lns

W × was 0.0960 *** 0.2479 *** 0.2054 *** 0.1676 ***
(0.030) (0.027) (0.019) (0.018)

did 0.1868 ** 0.1357 * −0.0133 0.0684 **
(0.077) (0.080) (0.026) (0.031)

W × did 0.0839 −0.0737 −0.2488 *** −0.2330 ***
(0.094) (0.098) (0.041) (0.050)

Direct effects 0.1939 ** 0.1339 −0.0281 0.0584 *
(0.079) (0.086) (0.027) (0.032)

Spillover effects 0.0772 −0.0371 −0.2942 *** −0.2496 ***
(0.071) (0.085) (0.047) (0.054)

Total effects 0.2711 ** 0.0968 −0.3223 *** −0.1912 ***
(0.116) (0.142) (0.060) (0.068)

City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 1173 1173 3468 3468
R2 0.0368 0.005 0.2251 0.1086

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

Table 10. Role of national DZs.

The Role of National HTZs The Role of National ETZs
(1) (2) (3) (4)

lnw lns lnw lns

W × was 0.1989 *** 0.1648 *** 0.2100 *** 0.1779 ***
(0.019) (0.018) (0.019) (0.018)

did −0.0277 *** 0.0526 0.0417 * 0.1253 ***
(0.008) (0.034) (0.021) (0.033)

W × did −0.0527 −0.2883 *** −0.1770 *** −0.3881 ***
(0.045) (0.054) (0.045) (0.053)

Direct effects −0.0302 *** 0.0401 0.0319 0.1069 ***
(0.010) (0.035) (0.029) (0.034)

Spillover effects −0.0692 −0.3141 *** −0.1985 *** −0.4156 ***
(0.051) (0.059) (0.051) (0.058)

Total effects −0.0994 *** −0.2740 *** −0.1666 *** −0.3087 ***
(0.033) (0.073) (0.062) (0.071)

City effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

N 3468 3468 3468 3468
R2 0.1599 0.0844 0.0894 0.0954

Notes: Cluster standard error in parentheses. * denotes p < 0.1, ** p < 0.05, and *** p < 0.01.

Columns (1) and (2) in Table 9 show that the provincial DZs only exacerbate local
pollution discharge intensity (as shown by the direct effects), but there is no significant
spatial spillover effect (as shown by the spillover effects). The DZs policy, as a selective place
based industrial policy, mainly selects a portion of cities to build DZs, and a corresponding
portion of cities do not build DZs. Such a selective policy will realize the reallocation effect
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of resources—a portion of enterprises will flow from areas without DZs to areas with DZs.
Since the provincial DZs mainly concentrate on manufacturing enterprises which may
be with relatively higher pollution, such a reallocation effect may reduce the pollution
discharge intensity in the area with provincial DZs, and reduce the pollution in the area with
DZs. However, the empirical results show that the DZs do not reduce the pollution in the
neighboring areas, which indicates that the provincial DZs do not significantly contribute
to the pollution reallocation effect. On the other hand, another role of the provincial DZs is
to attract domestic and foreign investment which is a process of resources expansion, and
these investment will be mainly concentrated in the manufacturing industries preferred
by the DZs. Since the provincial DZs mainly focus on local economic growth and ignore
environmental pollution, our empirical evidence shows that the increase in investment
brought by provincial DZs is at the expense of the environment.

When upgraded to national DZs, it not only has no aggravating effect on the local
pollution discharge intensity, but also reduces the pollution to the neighboring areas, as
shown in columns (3) and (4) of Table 9. However, the reason for this result should be
further analyzed in terms of the different effect of different types of national DZs—national
HTZs and national ETZs, whose empirical results are shown in Table 10.

Columns (1) and (2) in Table 10 show that national HTZs will alleviate the wastew-
ater discharge intensity in the region (as shown by the direct effects). Previous sections
have partially show the reason for this. Firstly, the HTZs will bring about the economic
agglomeration effect, which in turn will promote competition between enterprises, techno-
logical progress and technology diffusion, all of which may further reduce the enterprises’
pollution. Moreover, the government’s domination of industries, another characteristic of
China’s DZs, also makes national HTZs more clustered with high-tech enterprises, and
such industrial choices will inevitably lead to lower pollution per unit of output in their re-
gions. As for the spillover effects, column (2) shows that national HTZs significantly reduce
pollution in neighboring areas. One important reason is that national HTZs have more
technological diffusion effects and less pollution reallocation effects on the surrounding
areas. In the process of HTZs construction, although high-tech enterprises are concentrated
in their area, their technological progress will spill over to the surrounding areas, and it also
forms a better division effect with the surrounding areas, so that the industrial structure of
the surrounding areas will also be upgraded. Eventually, the national HTZs will have a
mitigating effect on pollution to the surrounding areas, which is why it can be said that the
construction of national HTZs is “self-beneficial and altruistic” for the environment.

Columns (3) and (4) in Table 10 show that the national ETZs will increase the pollution
discharge intensity in their regions (as shown by the direct effects). Although the economic
agglomeration in ETZs can also mitigate the pollution intensity to some extent through
technological progress and diffusion, the ETZs mainly gather manufacturing enterprises
with relatively low technology level under the guidance of the government, and the
pollution discharge intensity of these enterprises is relatively higher. However, the results
on the spillover effects show that, although the ETZs aggravate their own pollution intensity,
they have significantly and obviously mitigated the pollution in the neighboring areas.
This indicates that the industrial agglomeration in the ETZs attracts the more polluting
manufacturing enterprises from the surrounding areas to itself through the reallocation
effect, while reducing the pollution in the surrounding areas. Moreover, such flow is not
equal, the ETZs uses its economic agglomeration effect to reduce part of the transferred
pollution. Eventually, the empirical results show that, the reduction of pollution under
the spillover effects is greater than the increase of pollution under the direct effects, and
the total effects still shows a reduction of aggregate pollution. It can be said that the
construction of the ETZs is “self-sacrificing” for the environment.

In comparison, in terms of the total effects, the mitigation effect of the “self-serving
and altruistic” national HTZs on pollution discharge intensity is significantly greater than
the “self-sacrificing” national ETZs.
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8. Conclusions

DZs can achieve economic agglomeration as a place-based policy. However, China’s
DZs also have another important feature, government domination, in addition to the
economic agglomeration, such as, the government selection of industries in DZs, and
upgrading of DZs led by the government. Therefore, this paper focuses on the government
domination characteristic of China’s DZs and empirically examines how China’s DZs affect
pollution discharge intensity, using staggered DID combined with China’s urban panel data.
Moreover, China’s DZs are selective policies, i.e., the provincial and central government
select some cities to build DZs while others are accordingly not selected. Such a selective
policy will inevitably bring about the reallocation of resources and pollution, thus, this
paper examines the pollution reallocation effects among cities using a spatial DID approach.

Overall, the DZs policy in China will increase the pollution discharge intensity, which
indicates that, although the DZs may drive economic growth, they are at the expense of
environment. The provincial DZs are more concentrated in manufacturing enterprises
because they focus on short-term GDP growth when they are established, and this increases
pollution discharge intensity in the zones. In contrast, in addition to the GDP, the national
DZs also pay more attention to environmental issues. When the provincial DZs are up-
graded to the national level, they will not sacrifice the environment and may even reduce
pollution discharge intensity. As the number of provincial DZs is much larger than national
DZs, the overall DZs aggravate pollution discharge intensity. Therefore, China should
continue to increase the number of national DZs and encourage qualified provincial DZs to
upgrade. At the same time, provincial DZs should not only focus on GDP growth, but also
consider the environmental impact, and place more environmental constraints for local
governments when constructing DZs, as well as penalizing the firms in DZs that do not
meet the environmental requirements.

The national DZs, including the national HTZs and the national ETZs, have different
effects on pollution, whereby the national ETZs increase the pollution discharge intensity
while the national HTZs decrease it. The reason for this difference lies in the different
choices of industries led by the governments. The HTZs mainly focus on high-tech in-
dustries with low energy consumption and pollution, while the ETZs mainly focus on
traditional manufacturing industry to attract foreign investment resulting in increased
pollution. Therefore, the national ETZs need to pay attention to economic growth as well
as environmental issues, and take the environmental impact as an important criterion
when selecting firms. The government can establish a special fund to support the green
technology innovation of firms, or build a pollution trading market in the DZs to promote
the green technology.

Different levels and types of DZs have different spillover effects on the surrounding
areas. Provincial DZs do not reduce pollution intensity in the surrounding areas, while
aggravating local pollution intensity. When provincial DZs are upgraded to the national
level, the national ETZs are “self-sacrificing”, namely, the national ETZs concentrate pol-
luting firms in the surrounding areas to aggravate local pollution intensity, but reduce the
pollution intensity in the surrounding areas. As the spillover effect is greater than the direct
effect, they reduce the aggregate pollution intensity of the whole country. The national
HTZs are “self-serving and altruistic”, that is, the national HTZs concentrate high-tech
industries in the zones to reduce the pollution intensity through technological progress,
meanwhile, they can spread the knowledge and technology to the surrounding areas, which
indirectly improve the technology in the surrounding areas, and thus reduce the pollution
intensity in the surrounding areas.

Our empirical results highlight that when cities establish provincial DZs, they need
to screen the firms that have settled in the DZs to improve the quality of DZs and avoid
environmental pollution caused by “race to bottom” competition. At the same time, the
strict requirements for high-quality and environmentally frendly firms are also conducive
to upgrading to a national DZ or even a HTZ in the future to achieve an environmentally
friendly high-quality development goal. The limitation of this study is that the detailed
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data on firms’ pollution emissions are currently unavailable to us. We hope that we can use
the detailed data to identify the mechanisms of the establishment or upgrading of DZs to
pollution emissions, to make our understanding of DZ policy more complete.
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