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Abstract 

Scientific analysis of the environmental improvement effect in industrial transfer is conducive 
to promoting the synergy of industrial transfer and green development. This paper explores the 
environmental improvement effect of industrial transfer and analyzes the intrinsic mechanism and 
heterogeneity of industrial transfer policy impacts on environmental quality. The study finds that: first, 
overall, national-level industrial transfer policies significantly improve the environmental quality of 
the location; second, the mechanism analysis shows that the demonstration zone policies can promote 
tertiary employment, increase urban population concentration, optimize the structure of foreign 
investment, boost industrial structure upgrading, and improve the business environment of the region, 
thus improving regional environmental quality; and third, the environmental improvement effect of 
the demonstration zone policy is heterogeneous across regions, city types, the clarity of the receiving 
area, and the characteristics of the receiving industry. The environmental improvement effect of the 
industrial transfer policy is more obvious in the demonstration zones in central China and the Yangtze 
River Economic Belt, production-oriented cities, and cities with clearly defined hosting areas for the 
relevant industries. The environmental improvement effect is stronger for cities with high technology 
and service industries.
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Introduction

The rough economic growth is not coordinated with 
environmental protection, which will inevitably cause 
environmental pollution and ecological deterioration. 
As China enters a critical period of transformation, a 
green and ecological development model has become 
an important goal [1]. With the deep adjustment of 

the global industrial competition pattern, industrial 
transfer has become an inevitable choice to accelerate 
economic transformation due to the weakening of the 
traditional comparative advantages and the strategic 
importance of regional economic development [2]. 
In January 2010, the Chinese government announced 
the official establishment of the first national-level 
demonstration zone for industrial transfer, the Wanjiang 
City Belt Demonstration Zone. The same year, the 
Chinese government stated that it would strengthen 
environmental protection, conserve and intensively 
utilize resources, and promote sustainable development. *e-mail: guowangke2024@163.com
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The promulgation of a series of policies has accelerated 
the pace of interregional industrial transfer. Reasonable 
industrial transfer, vacating cages, and exchanging 
birds can improve the long-term docking mechanism 
for the economic development of the East, Central, 
and West, realizing the effective gradient transfer and 
industrial chain reshaping between regions. Chinese-
style industrial transfer is not only to adjust industrial 
structure and promote economic growth but also an 
important strategy for realizing green development [3].

The transfer of industries will lead to the transfer 
of environmental pollution through changes in 
regional division of labor and production structure [4]. 
For example, if factor costs rise, the eastern coastal 
region will transfer energy-intensive industries to the 
central and western regions, accelerating urbanization. 
Under the pattern of research and development in the 
east and manufacturing in the central and western 
regions, pollution-intensive production links will be 
concentrated in the central and western regions, where 
environmental regulations are weaker. At the same time, 
environmental pollution will also be transferred to the 
central and western regions. However, this conclusion 
has not been uniformly recognized in the academic 
community. So, can industrial transfer actually play 
a role in improving the environment of the receiving 
place? Through what mechanism does industrial 
transfer affect environmental pollution? Is there 
regional and urban heterogeneity? Based on this, this 
paper considers the creation of national-level industrial 
transfer demonstration zones in China as a quasi-natural 
experiment, adopting the panel data of 285 prefecture-
level cities from 2007-2022, among which 28 prefecture-
level cities have been successively selected as the pilot 
cities during the sample period (the prefecture-level 
cities included in the experimental group sample in this 
paper are: Hefei, Wuhu, Ma’anshan, Tongling, Anqing, 
Chizhou, Chuzhou, Lu’an, Xuancheng, Wuzhou, 
Guigang, Hezhou, Yulin, Hengyang, Chenzhou, 
Yongzhou, Jingzhou, Jingmen, Yuncheng, Weinan, 
Sanmenxia, Linfen, Guang’an, Ganzhou, Lanzhou, 
Baiyin, Yinchuan, and Shizuishan), constituting the 
experimental sample, and other 257 prefecture-level 
cities constitute the control sample of this paper, and 
we test empirically that the environmental improvement 
effect of industrial transfer system construction. 

Literature Review and Theoretical Analysis

Literature Review: Pollution

The literature related to environmental improvement 
can be traced back to Grossman and Krueger’s [5] 
pioneering analysis of the relationship between economic 
growth and the environment. With the continuous 
development of the global economy, environmental 
problems have become increasingly prominent, among 
which industrial pollution is the center of attention 

[6]. The informal regulation of industrial pollution is 
regarded as a means of solving water pollution problems 
[7]. It has been found that factors such as technological 
progress, policy environment, and resource 
agglomeration can influence regional environmental 
pollution. Improvements at the technological level, such 
as green technology innovation and labor production 
technology upgrading [8], can effectively reduce urban 
pollution. At the policy environment level, improving 
laws and regulations has strengthened the inhibition of 
environmental pollution [9]. Meanwhile, Radelyuk et al. 
[10] assessed the oil refinery industry’s impact on global 
water resources, and foreign direct investment somewhat 
promoted green innovations, thereby reducing industrial 
pollution [11-12]. In addition, the implementation of 
national-level policies also has an obvious promotion 
effect on regional water environment improvement. Xiao 
et al. [13] explored a cross-sectoral dynamic model of 
water pollution to address developing countries’ water 
pollution control problems. Relying on the practice of 
national eco-industrial demonstration parks, Hua and 
Ye [14] found that national eco-industrial demonstration 
parks effectively reduce carbon emissions by utilizing 
the double-difference method.

Industrial transfer is undoubtedly an important path 
to break the shackles of regional economic development 
and promote national industrial transformation and 
upgrading [15]. With environmental problems becoming 
more and more prominent, national environmental 
protection awareness is increasing; however, there is no 
unified conclusion about industrial transfer’s impact on 
environmental pollution at present. Lu et al. [16] explored 
the impact mechanism of Beijing enterprises’ investment 
in Hebei, which significantly affects green TFP through 
rationalizing industrial structure with a certain degree 
of regional heterogeneity. Then, some scholars began 
to study the impact of demonstration zone policies on 
the environment. It is found that the policies can reduce 
carbon emissions and regional pollution emissions [17-
19] and affect the regional ecological environment [20]. 
After the city was selected as a demonstration zone 
for undertaking industrial transfer, industrial sulfur 
dioxide emissions were significantly reduced [21, 22]. 
A few scholars hold the opposite view, believing that 
industrial transfer will negatively impact the region 
and exacerbate urban environmental pollution. Zhang 
and Lin [23] found that regional industrial transfer in 
China exacerbated carbon emissions. Zhang et al. [24] 
found that economic growth can increase industrial 
wastewater emissions and industrial sulfur dioxide 
emissions. In summary, there is no consistent conclusion 
on the relationship. 

By combing the existing literature, it can be found 
that the current study on regional environmental 
improvement is mostly about economic growth, green 
technology innovation, resource agglomeration, and 
business environment impact on regional environmental 
quality. Literature on industrial transfer focuses on the 
factors that influence industrial structure, in which 
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industrial transfer’s impact on environmental quality 
focuses more on carbon emissions and other air pollution 
and less on water pollution phenomena. The policy 
of national-level demonstration zones for industrial 
transfer provides new perspectives for the study, but 
most scholars focus on a single demonstration zone as 
the object of study, which lacks universal conclusions. 
Based on this, this paper incorporates multiple national-
level demonstration zones for undertaking industrial 
transfer and urban wastewater management into a 
unified framework, analyzes demonstration zone 
policy impact on environmental quality, and explores 
its intrinsic mechanism, which is of great practical 
significance.

Theoretical Analysis

Industrial Transfer and Environmental Quality

Industrial transfer, maybe with a large influx of 
relocated industries into the receiving place [25], 
will impact and influence the development of the 
receiving place. However, there may be a phenomenon 
that transfers high energy-consuming industries into 
receiving places while easing the environmental 
pressure of the transferring region [26, 27]. Suppose 
the central and western regions actively exert their own 
comparative advantages and resource endowments to 
undertake transferring industries by adopting strict 
environmental regulations and reasonable local policies. 
In that case, they are also able to realize environmental 
improvement [28].

National-level demonstration zones for industrial 
transfer have strict environmental requirements for 
undertaking industries, and local governments are 
strictly prohibited from undertaking highly polluting 
industries. The Wanjiang City Belt attaches importance 
to strengthening ecological construction and building 
green ecological barriers in industrial transfer. The 
South and West Hunan Demonstration Zone for 
Industrial Transfer puts forward strict industrial access 
standards and emphasizes that the basic principle of 
industrial transfer is to prioritize ecology and green 
development. These environmental policies can affect 
the industrialization and urbanization process in the 
central and western regions and increase clean energy 
use. Policies such as access standards and green 
investment have optimized the business environment 
and attracted more foreign investment to green and high-
end industries. They can improve industry upgrading in 
the receiving site, reduce the emission of pollutants by 
influencing the behavior of enterprises, and ultimately 
improve regional environmental quality [29].

In summary, the policy of national-level 
demonstration zones for undertaking industrial transfer 
aims to help local governments promote industrial 
transfer through the requirements of green development, 
promote industrial structure upgrading in the receiving 
places, and provide an important institutional guarantee 

for pollution control and environmental improvement. 
Accordingly, the following hypotheses are proposed:

Hypothesis 1: National-level demonstration zones for 
undertaking industrial transfer policy help improve the 
receiving place’s environmental quality.

The Role of the Mechanism of Industrial 
Transfer in Improving the Environment 

(1) Agglomeration effect
The movement of labor can affect a region’s 

economic structure [30]. Population agglomeration 
improves economic structure from the supply and 
demand sides [31] and promotes the urbanization and 
industrialization process in these regions, thus indirectly 
affecting regional environmental quality.

From the supply side, industrial transfer can 
promote the re-agglomeration and integration of 
population and industrial factors [32]. To increase the 
attractiveness of labor migration, industrial receiving 
sites in the demonstration zone will accumulate more 
efficient individuals and enterprises through a series 
of supportive policies, accelerate the accumulation of 
human capital, optimize the allocation of innovative 
equipment, innovative manpower, and innovative 
resources, and create a foundation for improving 
technological innovation efficiency. Enterprises, under 
the guidance of clear policies of the demonstration zone, 
focus on green development, strengthen green R&D 
investment and production, form low-carbon production 
methods, promote the service-oriented transformation 
of the manufacturing industry, and reduce the energy 
consumption of the industry transferring place and the 
receiving place [33], then improving the environmental 
quality.

From the demand side, industrial transfer improves 
population agglomeration in the receiving place of the 
demonstration area, which can increase disposable 
income to stimulate regional consumption capacity. 
At the same time, the consumption behavior of the 
new labor force will change the regional consumption 
structure, and enterprises will adjust their products 
according to changes in demand under the regulation of 
supply and demand in the market, thus attracting higher-
quality foreign investment and upgrading the local 
manufacturing industry, which will indirectly improve 
the regional environment. Accordingly, point out the 
following hypothesis:

Hypothesis 2: China’s national-level demonstration 
zones for undertaking industrial transfer policy improve 
the environmental quality of the receiving place through 
the agglomeration effect.

(2) Optimization of foreign investment structure and 
upgrading of industrial structure

Foreign investment is important for developing 
countries to realize technological upgrading and 
promote economic transformation [34, 35]. The 
increasing cost of labor and other factors, coupled with 
the complex environmental changes, means that the 
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traditional Chinese international competitive advantage 
in attracting foreign investment is shifting to the 
advantages of technology, knowledge, and systems. 
The target of foreign investment has shifted from low-
end manufacturing to technology-intensive high-end 
manufacturing and service industries. Since high-
quality foreign-funded enterprises tend to implement 
higher environmental and emission standards than local 
enterprises in host countries, strengthening regional 
environmental regulations to improve the business 
environment is an important guarantee of attracting 
high-quality foreign investment inflows.

China’s national-level demonstration zones for 
undertaking industrial transfer are a typical example of 
institutional innovation. The demonstration zone cities, 
as leaders, optimize the regional business environment 
by setting strict environmental standards and rules, 
strengthening supervision to ensure that enterprises in 
the zones meet higher environmental requirements, and 
increasing the inflow of capital to low-carbon industries, 
as well as many policies to enhance the environmental 
awareness of local enterprises. Improving the 
business environment can reduce the uncertainty and 
institutional transaction costs of technology transfer for 
foreign enterprises and improve the regional innovation 
performance [36], thus attracting the inflow of higher-
quality foreign investment. With the continuous 
improvement of China’s industrial transfer policy, the 
structure of foreign investment has shown an obvious 
optimization trend.

The inflow of high-quality foreign capital impacts 
the enterprises in the receiving area through the 
competition effect and spillover effect and promotes 
industrial structure upgrading in the receiving area. 
Specifically, high-quality foreign investment, mainly 
in technology-intensive high-end manufacturing and 
knowledge-intensive services, can produce competitive 
effects, forcing enterprises in the receiving area to 
improve the efficiency of resource allocation, enhance 
the green innovation capacity, and promote upgrading 
the industrial structure of the receiving area. In addition, 
high-quality foreign-funded enterprises follow a higher 
standard of environmental protection and emphasize 
the environmental effects of the unity of the production 
concept, which is a good demonstration effect on 
the local enterprises in the receiving area. Under the 
background of tightening environmental regulations in 
the demonstration zone, local enterprises are motivated 
by the demonstration effect of foreign investment to 
learn and imitate the advanced management concepts 
established by high-quality foreign-funded enterprises 
and learn from their cleaner-biased technologies and 
efficient environmental management systems in order 
to improve their own green development capabilities 
[37] and realize cleaner production. The management 
concepts and innovative green technologies gradually 
formed by the enterprises in the demonstration zone will 
radiate to the upstream and downstream industries by 
transmitting the industrial chain.

The industrial structure effect is an important 
contributing factor to environmental pollution sources 
[38,  39]. The inflow of foreign capital into high-
tech manufacturing and service industries with better 
environmental performance will enhance green 
technological innovation and promote local industrial 
structure upgrading through the influence on enterprises 
in the host country. It has been shown that industrial 
structure upgrading can improve enterprises’ energy 
efficiency and regional environmental quality [40].

Accordingly, point out the following hypotheses:
Hypothesis 3: China’s national-level demonstration 

zones for undertaking industrial transfer policy improve 
the environmental quality of the host site by optimizing 
foreign investment structure and promoting industrial 
structure upgrading.

(3) Policy environment
It has been shown that a good ecological policy 

environment can improve regional environmental 
quality by influencing corporate behavior. In order to 
prevent the economy of national-level demonstration 
zones for industrial transfer from taking the traditional 
development path and to achieve the goal of industrial 
transfer, the Chinese central government has 
clearly put forward the optimization of the business 
environment and low-carbon development as the focus 
of the demonstration zones in the Measures for the 
Administration of Demonstration Zones for Industrial 
Transfer. Strict environmental requirements have been 
put forward for the industries to be undertaken in the 
demonstration zones and for reviewing energy-saving 
assessments. With regard to the undertaking industry, 
the environmental capacity of the demonstration zone 
should be taken as undertaking industrial transfer. 
Transfer projects must comply with the resource 
conservation and national environmental protection 
access thresholds and prohibit highly polluting 
industries and backward industries to avoid wasting 
resources and the proliferation of pollution. In terms of 
energy-saving assessment and review, it is necessary 
to strictly implement the national standards of volume 
ratio and investment intensity of industrial construction 
land and to strengthen the access system review of the 
project site. The environmental review of key industries, 
such as chemicals and metallurgy, will be intensified, 
and the clean production capacity of key industries will 
be improved.

As the implementer of the policy, the local 
government of the demonstration area implements the 
central government’s guiding ideology, which determines 
the regional ecological policy environment and directly 
affects the environmental quality of the receiving area 
[41]. As China’s high ground for domestic industrial 
transfer, it is difficult for national-level demonstration 
zones to apply for, set up, build, and improve. Therefore, 
local governments will inevitably strengthen the 
implementation of environmental protection policies and 
recognition of environmental governance. Firstly, they 
strictly implement environmental protection standards 
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and reduce environmental pollution. Secondly, 
through local financial subsidies, credit tilt, and land 
policies, the demonstration zone government guides 
the transfer of industries to green and clean industry 
development. Helping to improve the environment 
of the receiving place. Thirdly, the government of the 
demonstration zone encourages enterprises to increase 
the learning and imitation of foreign investment while 
improving the investment in green R&D, enhancing 
green technology innovation, and improving regional 
environmental quality. At the government level, a series 
of policies in the demonstration zone strengthen regional 
environmental governance and improve environmental 
quality. Accordingly, the following hypotheses are 
proposed:

Hypothesis 4: China’s national-level demonstration 
zones for undertaking industrial transfer policies 
improve the environmental quality of the host sites by 
improving the policy environment and strengthening 
local government environmental governance. 

Method

Measurement Modeling

In this paper, the construction of a state-level 
undertaking industrial transfer demonstration area is 
regarded as an exogenous policy shock, and the impacts 
of industrial transfer on regional environmental quality 
are identified by using the Doubling of Difference (DID) 
method, with the Doubling of Difference (DID) method 
modeling set up as follows:

	 	  (1)

where subscript c is the city and t is the year, 
waterct is an explanatory variable indicating the 
level of wastewater treatment rate of city c in year 
t; UITDct is a national-level demonstration zone for 
undertaking industrial transfer, which takes the value of 
1 if city c is a city within the scope of the national-level 
demonstration zone for undertaking industrial transfer 
in year t, and 0 otherwise; Xct denotes control variables; 
μc and μt denote city fixed effects and time fixed effects; 
and εct is a random error term. This paper focuses on 
the coefficient β1. If β1>0, the demonstration zone for 
industrial transfer will improve environmental quality 
(increase the sewage treatment rate); otherwise, it will 
deteriorate environmental quality.

Selection of Variables 

Explained Variable

The explanatory variable is urban environmental 
quality. As enterprises are the main body of economic 
activities, the centralized industrial wastewater 

treatment plant is a centralized facility or independently 
operated unit specialized in treating industrial 
wastewater for industrial parks, contiguous industrial 
enterprises, or peripheral enterprises. Compared with 
the characteristics of air pollution, which is more diffuse 
and difficult to detect, water pollution will be reflected 
differently within the city, and the local water pollution 
in the city is more reflective of the environmental 
quality situation. The sewage treatment rate can reflect 
the fulfillment of water ecological and environmental 
management efficiency and effectiveness objectives [42]. 
The higher centralized treatment rate of wastewater 
treatment plants represents the greater intensity of 
environmental regulation [43] and the relatively stronger 
environmental improvement effect [28]. Therefore, this 
paper adopts the centralized treatment rate of sewage 
treatment plants as a measure of urban environmental 
quality. In addition, this paper also uses urban coal 
energy consumption and urban industrial chemical 
oxygen demand (ICOD) for robustness testing.

Core Explanatory Variables 

Exploring the policies for national-level 
demonstration zones for undertaking industrial transfer 
(UITDct). This paper takes the pilot construction of 
national-level demonstration zones for undertaking 
industrial transfer starting from 2010 as a quasi-
natural experiment and constructs the dummy variable 
of national-level demonstration zones for undertaking 
industrial transfer to indicate whether the ability of the 
region to undertake industrial transfer is improved, i.e., 
city C is assigned the value of 1 in the year of becoming 
a national-level demonstration zone for undertaking 
industrial transfer and in the year after that, and the year 
of UITDct is assigned the value of 0 otherwise.

Control Variables

Referring to York et al. [44], Feng et al. [45], and 
Bing et al. [46], combined with the construction of 
demonstration zones for undertaking industrial transfer 
and the relevant influencing factors of environmental 
quality, the control variables are as follows: city size 
(pop), expressed by the logarithm of the city’s total year-
end population; urban livability (green), expressed by 
the logarithm of area of park green space per capita in 
the city; Information technology development (internet), 
expressed as the logarithm of the city’s internet access; 
the level of talent pool (university), expressed as the 
logarithm of the number of higher education schools in 
the city; government intervention (gov), measured as the 
ratio of government expenditure to the current year’s 
GDP in prefecture-level cities; the level of economic 
development (gdp), expressed as the logarithm of the 
city’s annual GDP; and the level of urban air quality 
(pm10), expressed as the logarithm of the average 
concentration of PM10 in the city for the current year. 
The descriptive statistics results are shown in Table 1.
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Results

Benchmark Model Test 

This paper uses a double difference model to 
test the net effect of the national industrial transfer 
demonstration zones policy on the environmental quality 
of the host sites, with the results shown in Table 2. 
The results in columns (1) and (2) show that, without 
controlling for the city fixed effect and year fixed effect, 
the gradual addition of the control variables increases 
the municipal sewage treatment rate of the national 
industrial transfer demonstration zones policy at the 
1% significance level. Columns (3) and (4) gradually 
add city-fixed effects and year-fixed effects based on the 
previous two columns. It can be seen that the policy of 
national-level industrial transfer demonstration zones 
still significantly increases the urban sewage treatment 
rate, which indicates that the policy of national-level 
industrial transfer demonstration zones has a significant 
positive impact on the environmental improvement of 
the host sites. The above conclusion is consistent with 
the expectation, thus verifying hypothesis 1 of this 
paper.

Parallel Trend Test

With reference to the event study method, we set the 
city of national-level demonstration zone for undertaking 
industrial transfer as the experimental group and other 
cities as the control group and take the year before the 
city is listed as the city of national-level demonstration 
zone for undertaking industrial transfer as the base 
period, and set it as the 0 and 1 dummy in the first 3 
periods, the first 2 periods, the current period, the second 
1 period, the second 2 periods, the third 3 periods, the 
fourth 4 periods, the fifth 5 periods, the sixth 6 periods, 
and the seventh 7 periods of the implementation of the 
policy, respectively, before the implementation of the 
policy, and after the implementation of the policy. In 
Fig. 1, the regression coefficients of the first 3 periods 
of policy implementation contain 0 value in the 95% 
confidence interval; the confidence interval of the 

regression coefficients of the current period and after 
the implementation of the policy no longer contain 
0 value; and with the increment of time, there is a 
certain degree of continuity in the promotion of the 
policy implementation effect on the urban environment, 
indicating that the policy of the national-level 
demonstration city for undertaking industrial transfer 
has passed the parallel trend test. 

Robustness Test

The work conducts a series of robustness tests to 
enhance the benchmark regression’s robustness, such as 
replacing the explanatory variables, sample shrinkage 
treatment, propensity score matching method, changing 
the sample range, and eliminating policy interference.

Replacement of Explanatory Variables 

In the benchmark regression, the sewage treatment 
rate is used to represent the urban environmental 
quality. To enhance the results’ robustness, the research 
further adopts the urban coal energy consumption as a 
proxy variable for the degree of urban environmental 
load to conduct the robustness test. After replacing the 
explanatory variables, the results in column (1) of Table 3 
show that the coefficient is -0.024 and significant at the 
10% level. In addition, ICOD was used to replace the 
explanatory variables for the robustness test, and the 
results are shown in column (2) of Table 3, where the 
regression coefficient is -0.23 and significant at the 1% 
level after replacing the explanatory variables. It shows 
that the policy of national-level demonstration zones for 
undertaking industrial transfer reduces the host cities’ 
coal energy consumption and ICOD and improves the 
regional environment, further verifying its robustness.

In addition, to exclude the interference of the carbon 
emissions trading pilot city policy in 2013, the cities 
included in the pilot are assigned a value of 1 in 2013 
and the years after that; otherwise, they are assigned 
a value of 0. Cross-multiplying the DID to conduct 
the regression results in Column (3) of Table 3 shows 
that the coefficient is 0.1 and significant. It shows that 

Variable N Mean SD Min Max

water 3,622 0.817 0.188 0.002 1.219

pop 3,891 5.933 0.773 2.923 9.319

gov 3,891 0.334 0.835 0.000 11.778

green 3,891 0.015 0.080 0.000 1.961

internet 3,891 4.451 1.904 0.023 12.584

university 3,891 1.758 0.974 0.693 5.182

pm10 3,891 10.690 4.869 2.398 2.398

gdp 3,891 14.714 3.506 5.328 20.410

Table 1. Descriptive statistics of variables.
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Variable (1) (2) (3) (4)

DID 0.057*** 0.060*** 0.212*** 0.097***

(0.011) (0.011) (0.018) (0.033)

pop -0.029*** -0.042*** -0.002 -0.037***

(0.004) (0.005) (0.014) (0.009)

gov 0.008* 0.039*** 0.043*** 0.015***

(0.004) (0.006) (0.006) (0.005)

green 0.054 -0.041 0.141** 0.027*

(0.043) (0.045) (0.059) (0.016)

internet 0.047*** 0.046*** 0.045*** 0.013***

(0.002) (0.002) (0.002) (0.004)

university - 0.010** 0.103*** -0.015

- (0.004) (0.013) (0.014)

pm10 - -0.007*** -0.007*** 0.005

- (0.001) (0.001) (0.003)

gdp - 0.016*** 0.018*** 0.010

- (0.002) (0.002) (0.013)

Constant 0.771*** 0.661*** 0.245*** 0.790***

(0.024) (0.032) (0.089) (0.206)

Observations 3,622 3,622 3,620 3,620

Adjusted R-squared 0.226 0.252 0.441 0.599

City FE NO NO YES YES

Year FE NO NO NO YES

​Note: ***, **, and * indicate 1%, 5%, and 10% significance levels, respectively. Robust standard errors adjusted for clustering  
at the city level are in parentheses. Same below.

Table 2. Benchmark regression.

Fig. 1. Parallel trend test.
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the national-level demonstration zones policy for 
undertaking industrial transfer still improves the sewage 
treatment rate of the hosting area and improves the 
regional environment, and the results are robust.

Trimming

To exclude the interference of possible outliers in 
the data, the study carries out regression after shrinking 
the upper and lower 1% of continuous variables. The 
results in column (4) show that the coefficient is 0.098 

and significant after the upper and lower 1% shrinkage, 
indicating that the benchmark regression is not disturbed 
by obvious outliers. To exclude the interference of 
possible outliers in the data, the study carries out 
regression after shrinking the upper and lower 1% of 
continuous variables. 

Changing the Sample

The outbreak of the global epidemic in 2020 will 
have a greater impact on the domestic and international 

Fig. 2. Placebo test.

Variable

Replacement 
of explanatory 

variables
ICOD

Carbon 
emissions 

policy 
disruption

Upper and 
lower 1% 

indentation

Excluding 
post-2020

Elimination 
of sub-

provincials

Elimination 
of 

provincial 
capitals at 
the sub-

provincial 
level

PSM-DID

(1) (2) (3) (4) (5) (6) (7) (8)

DID -0.024* -0.231*** 0.091*** 0.098*** 0.093*** 0.106*** 0.108*** 0.084**

(0.013) (0.082) (0.032) (0.033) (0.034) (0.036) (0.040) (0.034)

Constant -0.225 7.653*** 0.791*** 0.813*** 0.721*** 0.620*** 0.737*** 0.770***

(0.179) (0.661) (0.205) (0.236) (0.215) (0.219) (0.203) (0.265)

Observations 3,247 3,931 3,620 3,141 3,433 3,270 3,620 2,926

Adjustment of 
R-square 0.911 0.899 0.604 0.577 0.599 0.598 0.595 0.593

Control 
variable YES YES YES YES YES YES YES YES

City FE YES YES YES YES YES YES YES YES

Year FE YES YES YES YES YES YES YES YES

Table 3. Robustness test.
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industrial chain supply chain, affecting industrial 
transfer. To avoid the interference of the new crown 
epidemic in 2020 on the results, the study excludes all 
samples after 2020. Results in column (5) show that the 
coefficient is 0.093 and significant, proving the results 
are robust.

The provincial capital and sub-provincial cities 
have some special characteristics compared with other 
prefecture-level cities in terms of administrative level, 
economy, resources, policies, etc., which may affect the 
results to some extent. Therefore, the study conducts 
the robustness test again after excluding sub-provincial 
cities and provincial capital cities, respectively, on the 
basis of the original sample and results in columns (6) to 
(7) and coefficients of 0.106 and 0.108, proving that the 
results are robust.

Estimation Based on the PSM-DID Method

Since the selection of cities in national-level 
demonstration zones for undertaking industrial transfer 
is not random, it will be affected by its own factors, such 
as urban development and undertaking capacity, which 
may cause systematic bias to results. For this reason, 
this work adopts the proximity matching method to 
match year by year with a ratio of 1:2 and re-regresses 
the matched samples. The results are in column (8), and 
the t coefficient is 0.084, further proving the robustness.

Placebo Test

The relevant factors that may affect environmental 
improvement have been controlled in the benchmark 
regression, but there may still be other policies or 
external shocks that affect urban environmental 
improvement. Based on this, this paper carries out 
500 times of random sampling on the list of pilot cities 
and pilot years. Suppose the promotion effect of urban 
policies on urban environmental improvement in the 
national-level demonstration zones for undertaking 

industrial transfer is real and effective. In that case, the 
coefficients of the random sampling should converge 
to 0, and the density plot should conform to a normal 
distribution. Fig. 2 below shows the kernel density 
distribution of the regression coefficients after random 
sampling of the treatment group. Most of the coefficient 
estimates are concentrated around 0 and, as a whole, 
obey the normal distribution, which is consistent with 
the expectation, indicating that it passes the placebo test 
and that the national-level demonstration zones policy 
for receiving industries is real and effective in improving 
the environment of the receiving places.

Heterogeneity Analysis

Regional Heterogeneity 

Previous analysis shows that national-level 
demonstration zone policies for undertaking industrial 
transfer generally improve regional environmental 
quality. However, due to the vastness of China, the 
local policy support and historical factors in different 
regions have great variability, and the different locations 
of the demonstration zones may have heterogeneous 
effects on the improvement of the environment. Based 
on this, this paper conducts separate regressions based 
on the regions to which the demonstration zones belong, 
which are categorized into central and western China, 
the Yangtze River Economic Belt, and the non-Yangtze 
River Economic Belt. Table 4 shows that in the data 
for the central cities, the regression coefficient for the 
core explanatory variables is positive at the 5 percent 
significance level. In contrast, the data for the western 
cities show that the coefficient is negative at the 5 
percent significance level. Further looking at the sample 
of cities within the Yangtze River Economic Belt, the 
regression coefficient of the core explanatory variable is 
significantly positive at the 1 percent significance level, 
whereas in the sample of cities outside the Yangtze 
River Economic Belt, the coefficient is not significant.

Variables Central cities
(1)

Western cities
(2)

Yangtze river 
economic belt

(3)

Non-Yangtze 
economic belt

(4)

Production-
oriented city (5)

Service-oriented 
city (6)

DID 0.094** -0.098** 0.119*** 0.082 0.105*** 0.074

(0.037) (0.043) (0.033) (0.055) (0.028) (0.071)

Constant 1.208*** 1.117 1.132*** 0.851*** 0.540 1.283***

(0.300) (0.742) (0.409) (0.242) (0.375) (0.285)

Observations 1,398 747 1,419 2,201 1,927 1,660

Adjusted R2 0.610 0.619 0.617 0.583 0.581 0.620

Control variable YES YES YES YES YES YES

City FE YES YES YES YES YES YES

Year FE YES YES YES YES YES YES

Table 4. Heterogeneity test for industrial host location and city class.
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There may be heterogeneity in the impact of whether 
the demonstration area specifies the host region and 
the difference in the host region on its environmental 
improvement. Therefore, the corresponding dummy 
variables are re-regressed and analyzed after interacting 
with the variable DID, taking into account the cases 
of explicit and unambiguous hosting regions and the 
hosting regions specified explicitly as the Yangtze River 
Delta, Guangdong, Hong Kong, Macao, and the Pearl 
River Delta. The results in columns (1) and (2) of Table 
5 show that for the samples that specify the relevant 
industry receiving region, the policy can promote the 
improvement of environmental quality in the receiving 
place, but the effect of environmental improvement in 
cities with unspecified receiving regions is not obvious. 
Compared to the cities that take over industries from 
the Yangtze River Delta region, the environmental 
improvement effect is more obvious for the cities that 
explicitly indicate that they take over industries from 
Guangdong, Hong Kong, Macao, and the Pearl River 
Delta region.

Heterogeneity of City Types

The theory of urban hierarchy points out that there 
are certain differences in the functions and degree 
of resource environmental protection of cities of 
different grades within the urban system. Therefore, the 
environmental quality of cities of different types and 
grades is affected by the industrial transfer policy in 
a more varied manner. The results in columns (5) and 
(6) of Table 4 show that, for the sample of production-
oriented cities, the construction of national-level 
demonstration zones for industrial transfer can promote 
the environmental improvement of the receiving place, 
but the environmental improvement of service-oriented 
cities is not significant.

Heterogeneity of Industry Types

Due to the different characteristics of the industrial 
layout of different industrial transfer cities, there are 
differences in handling and managing the transfer of 
the industries undertaken during the process of industry 
transfer. Therefore, the different industries undertaken 
by the demonstration zone may have different impacts on 
the environmental quality of where they are undertaken. 
Based on this, this paper is divided into four categories: 
agriculture, the high-tech industry, the service industry, 
and the traditional manufacturing industry, according to 
the different industries undertaken by the demonstration 
zone for regression, respectively. The regression results 
in columns (1) and (4) of Table 6 show that the core 
explanatory variables for the demonstration zones 
hosting agricultural and traditional manufacturing 
industries are estimated to be insignificant. The 
regression results in columns (2) and (3) show that the 
estimated coefficients of the core explanatory variables 
of the demonstration zones hosting high technology and 
service industries are significantly positive at the 10% 
level. This indicates that environmental improvement is 
more obvious in demonstration zones hosting high-tech 
and service industries.

Analysis of Mechanisms 

In the theoretical analysis, this paper believes that 
the establishment of national-level demonstration cities 
for undertaking industrial transfer will affect the urban 
environment through the channels of agglomeration 
effect, upgrading of foreign investment and industrial 
structure, and policy environment; therefore, this 
paper carries out an empirical test on the above three 
mechanisms.

Variables Clarification of 
takeover area (1)

Unspecified 
takeover area (2)

Undertake the 
Yangtze River delta 

region (3)

Undertake the 
Guangdong, Hong 
Kong, and Macao 

(4)

Undertake the pearl 
river delta region 

(5)

Interaction term 0.092* -0.077 -0.068 0.142*** 0.108***

(0.054) (0.055) (0.056) (0.047) (0.030)

Constant 0.821*** 0.818*** 0.768*** 0.788*** 0.796***

(0.205) (0.205) (0.203) (0.204) (0.204)

Observations 3,660 3,660 3,660 3,660 3,660

Adjusted R2 0.604 0.604 0.603 0.604 0.603

Control variable YES YES YES YES YES

City FE YES YES YES YES YES

Year FE YES YES YES YES YES

Table 5. A test of locational heterogeneity in places receiving industrial transfers.
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Agglomeration Effect 

Core cities implementing industrial transfer policies 
will directly lead to the reagglomeration of labor factors 
and accelerate the accumulation of human capital [47]. 
At the same time, the implementation of the policy will 
indirectly affect the degree of matching between the 
city’s greening construction and the population size 
[48], thus affecting labor agglomeration, promoting the 
transformation and upgrading of regional industrial 
structure, and improving the environmental quality of 
the host site. Based on this, referring to the practice 
of Cao [49], this paper uses the logarithm of the city’s 
calendar year-end population to measure the direct labor 
force agglomeration effect. Referring to the practice of 
Zhu and Chu [50], it uses the ratio of the city’s calendar 
year-end population to the current year’s greening area 
to measure the indirect labor force agglomeration effect.

Columns (1) and (2) of Table 7 report the 
agglomeration effect mechanism and show that the 
estimated coefficients of the environmental improvement 
of the policies of the national-level demonstration zones 
for industrial transfer are both significantly positive, 
indicating that demonstration zone policies improve 
the environmental quality of the host sites through the 
agglomeration effect. Hypothesis 2 was verified.

Optimization of Foreign Investment Structure 
and Upgrading of Industrial Structure

State-level demonstration zones for industrial 
transfer have optimized the business environment and 
attracted high-quality foreign investment by setting 
strict environmental standards and rules, strengthening 
supervision to ensure that enterprises in the region meet 
higher environmental protection requirements, and 
increasing the inflow of capital to low-carbon industries. 
The optimization of foreign investment structure 
through the impact on the receiving enterprises to 
promote industrial structure upgrading, enhance green 
technological innovation, and then change the structure 

of regional energy consumption, improve energy 
efficiency, reduce the proportion of polluting industries, 
and improve the regional environmental quality.

This paper adopts the volume of foreign investment 
in the secondary industry and the proportion of foreign 
investment in the secondary industry to measure the level 
of foreign investment structure. The main database used 
is the foreign direct investment enterprise registration 
database from the Foreign Enterprise Information Query 
Platform of the Ministry of Commerce. This database 
contains more than 2 million records of FDI registration, 
covering all the foreign investment registration data in 
China from 1983-2018. Based on this information, we 
can know the investment time, registration amount, and 
investment source of each foreign investment in China. 
On this basis, this paper matches the FDI enterprise 
registration database with the enterprise registration 
database and the list of enterprises captured on the 
“Tianyecha” platform by enterprise name. It obtains the 
province and city where the enterprise is located and the 
industry category to which it belongs.

The amount of FDI in secondary industries is 
measured by the number of new FDI in secondary 
industries per year in China’s FDI database, and the 
proportion of FDI in secondary industries is measured 
by the proportion of the amount of new FDI in 
secondary industries per year to the total amount of new 
FDI per year in China’s FDI database, which reflects the 
evolution of the structure of the secondary industries in 
the city.

The industrial structure optimization index is 
calculated according to Kou et al. [51] for the city’s 
industry and industry innovation index, combined 
with China’s State Council department’s classification 
standard for high-technology industries, which divides 
industries into whether they belong to high-technology 
innovation industries and assigns a value of 1 to those 
that belong to high-technology innovation industries, 
otherwise 0, and is included in the regression as a cross-
multiplier term.

Variables Undertaking agricultural 
areas (1)

Taking over high-tech 
industry areas (2)

Taking over the service 
sector area (3)

Taking over traditional 
manufacturing areas (4)

DID 0.004 0.118* 0.168* 0.104

(0.063) (0.057) (0.088) (0.062)

Constant -1.211 1.274 2.000 1.660

(1.757) (1.077) (1.305) (1.238)

Observations 93 264 183 258

Adjusted R2 0.764 0.614 0.641 0.606

Control variable YES YES YES YES

City FE YES YES YES YES

Year FE YES YES YES YES

Table 6. Tests of heterogeneity in the host industry.
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Columns (3), (4), and (5) show the regression results 
of the optimization mechanism of foreign investment 
and industrial structure, all of which are significant. 
This indicates that the policies of the demonstration 
zone improve the environmental quality of the receiving 
place by optimizing the structure of foreign investment 
and promoting industrial structure upgrading. This 
verified hypothesis 3.

Policy Environment

This paper refers to Yang and Wei [52] and uses the 
policy environment index in the business environment 
index to measure policy environment excellence. 
Column (6) reports the regression results for the policy 
environment mechanism, and the estimated coefficient 
is 0.121. It indicates that demonstration zone policies 
improve the environmental quality of the receiving place 
by strengthening environmental regulation through the 
local government and implementing the environmental 
protection requirements for undertaking industrial 
transfer. This verified hypothesis 4.

Conclusions and Policy Implications 

Conclusions

As China’s economy enters a period of high-quality 
development, improving environmental quality is 
urgently required to realize global ecological governance 
and promote green economic development. The policy 

of national-level industrial transfer demonstration zones, 
as an institutional innovation, provides new ideas for 
environmental improvement in the receiving places.

The study takes China’s national-level industrial 
transfer demonstration zones as a quasi-natural 
experiment. It utilizes the panel data from 2007 to 2022 
to establish a multi-period double-difference model 
to empirically test the effect of the industrial transfer 
system on environmental improvement and deeply 
analyze the influence mechanism and heterogeneity 
therein. The conclusions are as follows: 

(1) Overall, China’s national-level demonstration 
zones for industrial transfer policy significantly 
improved the environmental quality of the receiving 
areas.

(2) Mechanism analysis shows that the demonstration 
zone policy can increase urban population concentration, 
optimize the structure of foreign investment, boost 
industrial structure upgrading, and improve the regional 
policy environment, improving environmental quality. 

(3) The environmental improvement effect of the 
demonstration zone policy is heterogeneous in terms 
of different regions, city types, clarity of the receiving 
area, and characteristics of the receiving industry. The 
environmental improvement effect of the industrial 
transfer policy is more obvious for the demonstration 
zones in central China and the Yangtze River Economic 
Belt, production-oriented cities, and cities with clearly 
defined areas for the relevant industries. This may 
be because the level of economic development in the 
western region is weaker than that in the central region, 
the industrial structure is not optimized enough, the 

Variable

Agglomeration effect Foreign investment and industrial structure 
optimization

Policy 
environment

Direct 
agglomeration 

effects

Indirect 
agglomeration 

effects

High-tech 
manufacturing

Volume of 
foreign capital 
introduction 
in the second 

sector

Percentage 
of foreign 
investment 

introduced in the 
second sector

Business 
environment 

index

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

DID 0.106*** 0.107*** 0.106*** 0.092* 0.083** 0.121**

(0.032) (0.032) (0.032) (0.051) (0.041) (0.056)

Interaction term 0.328* 0.341** 0.328* - - -

(0.169) (0.169) (0.169) - - -

Constant 0.864*** 1.000*** 1.000*** -0.576 0.669 -4.287***

(0.268) (0.270) (0.273) (1.299) (0.718) (0.818)

Observations 5,763 2,884 5,752 5,631 2,817 3,637

Adjusted R2 0.593 0.570 0.592 0.754 0.211 0.662

Control variable YES YES YES YES YES YES

City FE YES YES YES YES YES YES

Year FE YES YES YES YES YES YES

Table 7. Agglomeration effect, foreign investment, industrial structure upgrading, and policy environment mechanism.
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awareness of environmental protection and green 
development is not as good as that in the central region, 
and the capacity of industrial acceptance is weaker. In 
order to develop the local economy, the government 
should introduce a more fixed-asset investment scale 
and more polluting industries, resulting in a stronger 
effect of environmental pollution on the local area. The 
cities in the demonstration zones of the Yangtze River 
Economic Belt have stronger synergistic development 
and independent innovation capabilities, and the 
implementation of environmental protection policies 
is in place so that they can well undertake the transfer 
of low-carbon industries and exert their environmental 
improvement effects. The original intention of the model 
zone policy is to promote the transfer of manufacturing 
industry better, and the environmental protection 
and green industry development of service-oriented 
cities are better in themselves, so they can smoothly 
undertake the transfer of industry and realize the 
integrated development of productive service industry 
and advanced manufacturing industry. Therefore, the 
demonstration zone policy affects the environmental 
improvement of production-oriented cities. In 
addition, the environmental improvement effect of 
the demonstration zone policy is stronger in cities 
hosting high-technology and service industries than in 
agriculture and traditional manufacturing industries. 
This may be because, unlike traditional manufacturing 
industries with high pollution emission intensity, 
such as coal mining, metal ore mining, and the textile 
industry, high technology and service industries have 
low pollution emission intensity, which will have a more 
obvious environmental improvement effect on the host 
cities in the process of industrial transfer.

Policy Implications 

(1) Industrial transfer is important in green 
transformation. Recognize the importance of national-
level demonstration zones for undertaking industrial 
transfer policies for economic development, summarize 
the experience, and continuously promote the policies of 
the demonstration zones. Include more non-bearing cities 
with the capacity and conditions to undertake industrial 
transfer to the list of national-level demonstration zones 
for undertaking industrial transfer to fully release the 
effect of environmental improvement and help China’s 
high-quality economic development.

(2) The central government should support the 
demonstration zones with more endowment resources 
through a series of supportive policies. Demonstration 
zones should pay attention to the attraction of talents in 
industrial transfer, give full play to the agglomeration 
effect, and help improve the efficiency of regional 
manufacturing technological innovation; create a good 
innovation atmosphere, guide enterprises to strengthen 
green R&D investment and production, improve green 
technological innovation capability, attract higher-
quality foreign capital inflow, promote the service-

oriented transformation of the manufacturing industry, 
and optimize low-carbon development to provide a 
good ecological and environmental policy guarantee 
for industrial transfers. Emphasize the comprehensive 
effects of the agglomeration effect, optimization 
of foreign investment and industrial structure, and 
improvement of the policy environment to improve the 
environmental quality of the receiving place.

(3) In the process of undertaking industrial transfer, 
the demonstration zones should take into account the 
differences in different locations, types of cities, and 
industrial characteristics and accurately implement 
policies tailored to the local conditions in light of the 
corresponding characteristics of the places where the 
transfer is to take place. Clearly define the industrial 
transfer areas of each demonstration zone, especially 
for the transfer of industries from specific regions such 
as the Yangtze River Delta, Guangdong, Hong Kong, 
Macao, and the Pearl River Delta, and formulate and 
implement environmental improvement policies in a 
more targeted manner to improve the effectiveness of 
the policies. The receiving areas should, based on their 
own green development advantages, take more feasible 
measures to adjust the structure of local industries and 
identify the receiving industries that are in line with 
the direction of local industrial development. Incentives 
such as tax concessions and financial subsidies should 
be provided to attract the relocation of high-tech and 
service enterprises, and more stringent environmental 
standards and regulatory measures should be formulated 
to reduce the environmental burden that may result 
from the relocation of agricultural and traditional 
manufacturing industries.
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