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Abstract

Serving as the backbone of economic development, industrial parks have strong implications for reducing carbon
emissions in China under the “carbon peak and carbon neutrality” background. This study explores the carbon
emission reduction effects of three different types of national-level industrial parks on prefectural-level cities in
China, including economic and technological development zones (ETDZs), eco-industrial demonstration parks
(EIDPs), and low-carbon industrial parks (LCIPs). Data on 204 prefectural-level cities over the period of 1999 to
2019 were examined by using the difference-in-differences method and the mediating effect model. The study
revealed that (1) the three types of industrial parks significantly reduced the intensity of city carbon emissions by
1,155, 395, and 450 tons per million CNY, respectively; (2) There existed lag effects of 7 years for the ETDZ and 3
years for the EIDP; (3) Industrial structure exhibited significant mediating effects, with ETDZ and EIDP reducing
city carbon emission intensity by 58 and 56 tons per million CNY, respectively; (4) Strong heterogeneity in the
effects was found, arising from the differences in geographical location, resources endowment, and amount of
industrial parks; and (5) ETDZ and EIDP reduced the carbon emission intensity of neighboring cities by 174 and
144 tons per million CNY, respectively, while LCIP increased that by 686 tons per million CNY. The major
contribution of this study is analyzing the city-level impacts of ETDZ, EIDP, and LCIP, three different types of
national industrial park policies with different implementation periods, regional distributions, and policy focuses.
This not only fills a gap in the analyses of ETDZ and LCIP policies in this area of research, but also draws analogies
and contrasts between the effects of the three different policies. This study suggests that the stability and long-
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term nature of industrial park policies be maintained and further transformation and upgrading of industrial
structure be attained. Additionally, intercity coordination could be introduced or enhanced.

Keywords: Carbon emission intensity, national economic and technological development zone, national eco-
industrial demonstration park, national low-carbon industrial park, difference-in-differences

INTRODUCTION

To mitigate climate change caused by excessive anthropogenic greenhouse gas emissions, humankind has
made great efforts. From the United Nations Framework Convention on Climate Change in 1992 to the
Kyoto Protocol in 2005, and then to the Paris Agreement in 2015, these international agreements aim to
limit global temperature rise and ultimately achieve net zero emissions"’. As the world’s largest developing
country”, China is among the largest carbon emitters, and consequently, China’s emission reduction results
are crucial to global carbon reduction”’. In response, the Chinese government proposed the goal of “carbon
peak and carbon neutrality” in 2020".

According to the Statistical Review of World Energy 2022", in 2021, China’s energy-based carbon dioxide
emissions accounted for 31.1% of the global total. The industrial sector is the main contributor, with its
energy consumption accounting for 65% of the national total in 2021') and 62% in 2019, at a level of
6,236 million tons”. Industrial processes are primarily carried out in industrial parks, where over 2,500
national and provincial industrial parks contributed to more than half of the country’s industrial output'™”’
and 31% of the carbon dioxide emissions"”. This renders industrial parks key to achieving the “carbon peak
and carbon neutrality” goals"'.

In recent years, China has introduced various policies to promote the green, circular, and low-carbon
development of industrial parks. Among them, the focus has been on economic and technological
development zones (ETDZs), eco-industrial demonstration parks (EIDPs), and low-carbon industrial parks
(LCIPs). Economic and Technological Development Zones (ETDZ) are government-designated zones that
aim to attract foreign and domestic investment, promote industrial development, and enhance
technological innovation. ETDZs are often focused on rapid economic growth, and their carbon emissions
can vary depending on the types of industries they attract, which may range from manufacturing to high-
tech industries. Their emphasis on economic growth may sometimes conflict with environmental goals,
leading to higher emissions in some cases. EIDPs are designed to promote sustainable industrial practices by
encouraging the integration of cleaner production technologies and industrial symbiosis, where waste or by-
products from one company are used as inputs by another. These parks focus on environmental
sustainability and aim to reduce emissions by improving resource efficiency and minimizing waste. As a
result, they are generally expected to have lower carbon emissions compared to more traditional industrial
parks. LCIPs are specifically aimed at reducing carbon emissions through the adoption of low-carbon
technologies and renewable energy. These parks emphasize the development of green industries, including
renewable energy, energy efficiency, and low-carbon manufacturing processes. LCIPs are designed to be at
the forefront of China’s efforts to meet its carbon neutrality goals, and as such, they typically aim to achieve
the lowest carbon emissions among the three types of parks. Despite these policies, there has been limited
research investigating the overall impact of these industrial parks on regional carbon emissions. Existing
studies often focus on the emissions of individual or specific parks, while few have assessed how the
construction of multiple types of industrial parks influences urban carbon emissions at the broader level.
Thus, understanding the role that industrial parks play in reducing emissions is essential for achieving
China’s carbon goals. This study aims to fill the gap by analyzing the impact of industrial park policies on
urban carbon emission reductions in China, focusing on the effects of different industrial parks on city
carbon emissions and exploring the differences and similarities between various types of parks.



Hu et al. Carbon Footprints 2024;3:16 | https://dx.doi.org/10.20517/cf.2024.28 Page 3 of 16

Literature review

China has raised policies to promote green, circular, and low-carbon development of industrial parks, such
as economic and technological development zones, ecological industrial parks, and low-carbon industrial
parks. Few studies have focused on the effects of the presence of industrial parks on the overall carbon
emissions of a region. Existing studies often focus on the carbon emissions accounting of one or a few
parks, using methods such as the IPCC greenhouse gas inventory method, life cycle assessment (LCA), or
input-output (I0) method for further analyses*"”. Research into carbon emissions from large parks is
limited"*". However, as an important policy vehicle, how the construction of various types of industrial
parks affects cities and whether it helps cities reduce carbon emissions are worthy of serious exploration.
This study analyzes the effects of constructing industrial parks from the perspective of city carbon emission
reduction.

When examining the effects of a policy on a certain indicator for a region, the difference-in-differences
(DID) method and its extensions have been widely adopted. For example, using balanced panel data
covering 270 prefecture-level cities in China from 2003 to 2018, Meng et al. applied the DID method and
the mediated effects model to study the impacts of national resource-based cities’ sustainable development
planning policies on pollution emission intensity and found that these policies significantly reduced
pollution emission intensity™®. For industrial parks, the EIDP has been the focus of studies investigating the
emission reduction effects of different EIDPs, the factors involved, heterogeneity with respect to
development paths and geographic locations, and spatial spillover effects. For example, Nie et al. assessed
the impacts of national-level eco-industrial parks on low-carbon development and reported that with
national eco-industrial parks, the carbon intensity of pilot cities decreased by 7.2%, suppressing the peak of
the environmental Kuznets curve and helping to reach the inflection point earlier™. The environmental
impacts of three types of park policies, including EIDP, LCIP, and recycling policy, were also analyzed, with
the empirical results showing that all three types of park policies significantly reduced regional industrial

[22]

SO, emissions*.

Going beyond the question of whether industrial park construction can reduce regional carbon emissions,
scholars have delved into this question in greater depth. The first concerns the timing of the impacts, which
are generally lagged and long-term, with a lag period of 2 to 3 years. There are also heterogeneity analyses

=) spatial location™, resource

examining the intensity of environmental regulations®, city size
endowment””, and the number of parks'’. The second concerns the mechanism of the impacts. Specifically,
the construction of industrial parks may affect urban carbon emissions through a variety of channels, and
the mediating variables widely investigated include improving the level of environmental regulation®,

enhancing the level of green innovation", increasing energy use efficiency and upgrading the energy use
structure, and increasing the level of local technology”. The third issue concerns whether the impacts
exhibit spatial spillover effects. Many studies have shown that there are significant spatial spillover effects on
the urban environment and carbon emissions within a certain distance, which can lead to carbon emission
reductions in neighboring cities””. The fourth addresses the potential heterogeneity in effects, such as those
with respect to the development paths of industrial parks and the underlying transformation drivers of
EIDPs, including ETDZs and National High-tech Industrial Parks. Cao found that the EIDPs transformed
from ETDZs exhibited greater impacts on a city’s SO, and CO, emissions reductions. Besides industrial
parks, other factors also influence carbon emissions”. Yang et al. analyzed zero-carbon energy strategies at
the national level, using a by-production approach to reveal how factors such as energy intensity contribute
to carbon reduction. This complements the analysis of industrial parks by highlighting broader energy
policy effects”’. Additionally, urban expansion is another crucial factor. Zhang et al. used machine learning
to investigate the impact of land-use changes in Wuhan, Hubei Province, on surface temperature and
carbon emissions””. They found significant increases in carbon emissions arise due to expanding urban
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areas. This indicates a need to take into account urban growth alongside industrial park development when
devising carbon emission reduction strategies”.

In addition, there are also other types of national-level industrial parks, such as LCIP, which started to be
approved and certified in 2014. The impacts of these parks on urban industrial carbon emissions, as well as
the differences in the effects between these types of parks, remain to be further studied. Moreover, China
has introduced a series of policies to promote the transformation and upgrading of industrial parks and
introduce green cycling, which may help reduce carbon emissions as well. It is thus desirable to further
examine the type-specific impacts of industrial parks on city carbon emissions and the inter-type
differences. This may help understand the effectiveness of national-level industrial park policies and provide
policy insights for the application for and the approval of industrial parks.

Given the above, this study uses data from 204 cities at or above the prefecture level in China from 1999 to
2019 and applies the DID method to examine the impact of three types of industrial parks on urban carbon
emissions, namely, economic and technological development zones (ETDZ), eco-industrial demonstration
parks (EIDP), and low-carbon industrial parks (LCIP). Specifically, the carbon reduction effects and
dynamic paths of these industrial park policies are first explored. Second, the mediating effects are analyzed,
with policy levers of carbon reduction clarified. Third, the heterogeneity in the effects with respect to a city’s
geographical region, resources endowment, and the amount of relevant industrial parks, as well as their
spatial spillover effects, are studied.

The main contribution of this study is that it looks into the type-specific effects of national industrial park
policies on city carbon emissions, taking into consideration different implementation timing, locations, and
policy emphases. In particular, this study contributes to analyses of ETDZs and LCIPs, deriving analogies
and contrasts for the impacts of three different types of industrial parks.

METHODOLOGY

Research framework

Figure 1 provides an overview of the study’s analytical framework, demonstrating the connection between
industrial park policies studied, the models employed, and the subsequent empirical analyses of the effects
on city carbon emissions.

Model specification

Benchmark model

The DID method, widely used for examining policy effects, is employed in this study. The Difference-in-
Differences (DID) methodology is a robust and widely used technique for causal inference, especially in
policy evaluation and impact studies. In this study, DID was chosen to assess the causal impact of the
construction of different types of industrial parks (ETDZ, EIDP, and LCIP) on urban carbon emissions. The
rationale for selecting DID is based on its ability to compare changes over time between a treatment group
(cities with industrial parks) and a control group (cities without industrial parks), thereby isolating the
effects of industrial park policies on carbon emissions. Herein, cities with the parks under study are set as
the treatment group, while cities without set as the control group.

The benchmark model is as follows in Eq. 1.

CARBON,,=a+p* TREAT,,+ 0* CONTROL,, + v, + p; + ¢;, (1)
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Figure 1. Flowchart of the analysis.

where i denotes city, t time, and CARBON;, the city’s carbon emission intensity. TREAT;, indicates if the city
has constructed relevant industrial parks, when its value is 1; if 0, then the opposite. CONTROL,, represents
the control variables. For coefficients, o is the constant term, and f the estimated coefficient of the treatment
variable, which herein means the effects of relevant industrial parks on the city’s carbon emissions. ¢
denotes the estimates for the control variables. Additionally, v, refers to the time fixed effects, 4, the city fixed
effects, and ¢;, the random perturbation term.

Dynamic effects model

The benchmark model measures the park’s average effects on city carbon emissions. However, the timing of
park construction varies, potentially causing dynamic effects. Referencing previous research”'*, a dynamic
effects model gets developed, as in Eq. 2.

CARBON,, = o + * TREAT,, - GROUP,, + 0* CONTROL,, + v, + t; + &, )

where GROUP,, is the grouping variable related to the timing of park construction. Specifically, the year of
the park establishment is set as “current”, the years prior to the establishment are denoted by “before-1” to
“before-10”, and the years after are indicated by the range of “after-1” to “after-15.”

Mediation effects model

The benchmark and the dynamic effects models assess how industrial parks influence city carbon emission
intensity over time. A mediating effects analysis helps explore how this impact occurs. This model was
chosen to explore the underlying mechanisms through which industrial parks influence city carbon
emissions. Specifically, it allows us to assess how industrial structure adjustments (e.g., shifts from
secondary to tertiary industries) contribute to carbon reduction. By analyzing the mediating role of factors
such as industrial structure and green innovation, we can better understand the pathways through which
different types of industrial parks affect carbon intensity. The mediated effects model is particularly
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applicable in this context, as it highlights the indirect effects of policy interventions, which are crucial for
capturing the complexity of emissions reduction. This study considers city industrial structure,
hypothesizing that industrial parks affect carbon emission intensity by inducing changes in industrial
structure. Based on the availability of data and with reference to other studies, this paper takes the city
industrial structure as the mediating variable, with an underlying hypothesis that the establishment of
relevant industrial parks would indirectly affect city carbon emission intensity via the industrial structure.
The model is set up as follows by Eqgs. 3 and 4.

M, =a,+pB,  TREAT, +0,,- CONTROL_M,, +y, + p; + &, (3)

CARBON,, = a,+ B, - TREAT,, + B, - M, + 0,- CONTROL_C,, + y, + i; + ¢, (4)

where M,, is the mediating variable, while CONTROL_M;, and CONTROL_C,, represent the control
variables for analyzing the effects of relevant industrial parks on industrial structure and carbon emission
intensity, respectively.

Spatial spillover effects model

The spatial spillover effects model was selected to account for the potential regional interdependencies in
carbon emissions reduction. Industrial parks, especially eco-industrial and low-carbon parks, may generate
spillover benefits that extend to neighboring cities, as industries share best practices, technologies, and
resource efficiencies. This model is well-suited for examining the spatial diffusion of carbon reduction
impacts, which is critical given China’s regional economic and industrial clustering. The use of spatial
econometric techniques allows us to quantify how policies implemented in one city influence the
environmental outcomes of nearby cities. City boundaries are not unbridgeable physical boundaries.
Considering the increasing economic exchanges between cities, constructing industrial parks may affect
neighboring cities, and both negative and positive spatial spillover effects are possible. Eq. (1) is extended to
include terms on spatial spillover effects, as specified by Eq. 5.

CARBON,, = o + - SPATIAL,, + 0 * CONTROL,, + y, + 1, + ,, (5)

where SPATIAL,, is the grouping variable. Specifically, if a city has relevant industrial parks, it belongs to the
“park” group; if it does not and its neighboring cities do, then it is assigned to the “nabour” group;
otherwise, it is “non”.

Variable definition and data sources

Dependent variable

This study explores the effects of industrial parks on city carbon emissions, focusing on carbon emission
intensity due to varying city size, population, and economic development levels. The dependent variable,
city carbon emission intensity (kg/CNY), is defined as the ratio of annual city carbon emissions to GDP.
The data on city CO2 emissions come from the CEADs database, and the city GDP data come from the
China City Statistical Yearbooks. The carbon emission intensities of 204 prefecture-level cities over the
period from 1999 to 2019 are examined.

Core indicator variables

The core independent variable is the implementation status of industrial park policies, indicated by whether
a certain type of industrial park is established (1) or not (0). The studied policies include ETDZ, EIDP, and
LCIP, each launched at different times with varied objectives, construction periods, quantities, and regional
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distributions. The interaction variable TREAT;, is set up as follows: if a city establishes a relevant industrial
park, TREAT,;, is 1; otherwise, it is 0. Furthermore, to ensure the reasonableness of the analysis results, this
study defines that if industrial parks are established in July and later in a year, then the time is labeled the
next year; if the parks are established before July, then the time is labeled the current year. According to the
“Statistical Table of Administrative Divisions of the People’s Republic of China” published by the Ministry
of Civil Affairs of the People’s Republic of China in 2022, there are a total of 333 prefecture-level
administrative units in the Chinese mainland. For completeness of the data for analysis, this paper selects
204 prefecture-level cities, and the study period is from 1999 to 2019. For the list of parks, the ETDZ data
come from the website of the Ministry of Commerce of the People’s Republic of China®”, the EIDP data
come from the website of the Ministry of Ecology and Environment of the People’s Republic of China®**,
and the LCIP data come from the website of the Ministry of Industry and Information Technology of the
People’s Republic of Chinal***!,

Control variables

Several control variables are included, based on literature on carbon emissions. Specifically, drawing on
Chen et al., energy utilization efficiency (GDP per unit of energy consumption in CNY/ton of coal
equivalent) is included". Average investment level (ratio of total fixed asset investment to GDP), industrial
development (logarithm of total industrial output value), economic development (GDP per capita), and
population density (resident population to area ratio) are also considered. The average investment level is
expressed as the ratio of total investment in fixed assets of a city to its GDP, industrial development is
represented using the logarithm of the total industrial output value, and economic development is indicated
by the GDP per capita, with the data obtained from the Statistical Yearbook of China’s Cities (1999-2019).
Population density is given by the ratio of the resident population of prefecture-level cities to the area of
prefecture-level cities, where the data on the resident population come from the China City Statistical
Yearbook and the data on the area of cities from the CEIC database.

Intermediary variables

Building on previous research”*, mediators usually involve energy and technology development. This
study considers urban industrial structure, a variable that may influence city carbon emissions due to
varying industry-specific intensities. The mediator variable is defined as the ratio of secondary to tertiary
industry GDP, and the data are from the China City Statistical Yearbooks.

Data processing

For the 333 prefecture-level cities in mainland China, we selected 204 cities based on the availability and
completeness of data over the study period (1999-2019). These 204 cities exhibit a reasonably balanced
distribution across different regions of China, making it possible to capture the geographical and economic
diversity necessary for a comprehensive analysis. We checked that the selected cities exhibited consistency
between variables, including carbon emissions, industrial park establishment, and other control variables,
such as GDP and population density. The selected cities include those with established national-level
industrial parks, which are the focus of this study. Overall, the sample includes a diverse range of cities in
terms of geography, economic development, and industrial structure, which would allow a comprehensive
evaluation of how industrial parks affect carbon emissions.

The time frame of 1999 to 2019 was used, aiming to cover a sufficiently long period for analyzing the effects
of the various types of industrial parks (ETDZ, EIDP, LCIP), as these parks were introduced and/or
established at different times. This period provides a potentially adequate window for observing both the
short-term and long-term effects of industrial park policies on carbon emissions.
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To repeat, the cities studied were selected based on the availability of consistent and reliable data on city
carbon emissions, industrial activities, economic indicators, and other relevant factors over the period of
1999 to 2019. The availability of high-quality data across these cities was essential for applying the
Difference-in-Differences (DID) methodology and ensuring the accuracy of the results.

RESULTS

Descriptive analysis

The number of ETDZs grew from 38 in 1999 to 230 in 2024. EDIPs have increased steadily since 2008. As
Figure 2 shows, both ETDZ and EIDP are primarily located in the eastern region, and their presence in
central and western regions is less than half. In 2015 and 2016, 51 LCIPs were established, with 47.06% in
the eastern region, 25.49% in the central, and 27.45% in the western. In general, ETDZ has the longest
history, the largest amount, and the broadest distribution. EDIP has grown slowly, while LCIPs were
approved in 2015 and 2016, with no new additions since.

Benchmark results

To apply the DID method appropriately, the carbon emission intensities of the treatment and control
groups are supposed to show parallel trends before the construction of relevant industrial parks. Figure 3
confirms this, with the X-axis showing the difference between the current year and the year of construction
of the relevant industrial park, and the Y-axis exhibiting the estimated coefficients of the core independent
variables. The 95% confidence intervals of the coefficient estimates contain 0, indicating no significant pre-
construction difference in carbon emissions existed between the groups. Thus, the DID method is suitable
for evaluating treatment effects.

Table 1 presents the baseline results. ETDZ significantly reduces city carbon emission intensity, with a
coefficient of -1.1545. EIDP and LCIP demonstrate statistically significant coefficients of -0.3949 and
-0.4504, respectively, indicating they reduce carbon emissions, though less than ETDZ.

In addition, the effects of industrial parks on city carbon emissions may vary by region, resource
endowment, and the amount of parks. Heterogeneity analyses concerning these aspects were thus carried
out. As provided in the Supplementary Materials, Supplementary Table 1 exhibits the varying effects with
regard to geographical location. Supplementary Table 2 shows the effects arising from the differences in
resource endowments across cities. Supplementary Table 3 exhibits the heterogeneity in effects with respect
to the city-level number of industrial parks.

Dynamic effects analysis

Figure 4 shows the impact of three types of industrial parks on city carbon intensity over the periods of
10 years before and 15 years after, using the current year as the base group. It shows that for ETDZ,
significant negative effects on carbon intensity would appear starting from the 7th year post-construction.
For EIDP, the negative effects started in the 3rd year post-construction. While for LCIP, no significant
effects were observed within three years post-construction.

Mediating effects analysis

Table 2 shows the effects of industrial parks on city carbon emission intensity via industrial structure (IS).
The coefficients appear all significantly negative, suggesting that the presence of industrial parks can raise
the share of tertiary industry and/or reduce that of secondary industry. Additionally, the mediator variable
appears to have positive effects on city carbon emissions, implying the contributing role of secondary
industry.
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Table 1. Benchmark results for the impact of industrial park construction on city carbon emissions

ETDZ EIDP LCIP

TREAT -11545*** -0.3949*** -0.4504***
(0.0576) (0.0450) (0.0499)

Energy efficiency -0.0193* -0.0193* -0.0193*
(0.0113) (0.0113) (0.0113)

Investment level 0.0189 0.0189 0.0189
(0.0310) (0.0310) (0.0310)

Population density 1.3754e-04** 1.3754e-04** 1.3754e-04**
(5.99571e-05) (5.9951e-05) (5.9957e-05)

Industrial development -0.1450*** -0.1450*** -0.1450***
(0.0292) (0.0292) (0.0292)

Economic level 0.0146*** 0.0146*** 0.0146***
(0.0036) (0.0036) (0.0036)

Constant 2.2756*** 1.5870*** 1.6425***
(0.1784) (0.1945) (0.1863)

N 4,284 4,284 4,284

City fixed effects Y Y Y

Time fixed effects Y Y Y

R? 0.4986 0.4986 0.4986

*P<0.1,**P<0.05,***P < 0.01. The values in parentheses are standard errors.

Table 2. Mediation effect model results of the impact of industrial park construction on city carbon emissions

ETDZ EIDP LCIP
IS El IS El IS El
TREAT -0.093*** -0.058*** -0.484*** -0.056*** -0.229*** 0.074***
(0.023) (0.01M) (0.032) (0.017) (0.027) (0.014)
Industrial structure 0.075*** 0.071** 0.082***
(0.008) (0.008) (0.008)
N 4,284 4,284 4,284 4,284 4,284 4,284
CONTROL Y Y Y Y Y Y
City fixed effects Y Y Y Y Y Y
Time fixed effects Y Y Y Y Y Y

***P < 0.01. Values in parentheses are standard errors.

For ETDZs and EIDPs, the effects of industrial parks on city carbon intensity remain significantly negative
after including the mediator, suggesting that altering the industrial structure helps reduce carbon intensity.
For LCIPs, the coefficient turns positive, likely because industrial structure is not their primary channel of
reducing carbon intensity, and the short study period may not help capture their full impacts.

Effects on neighboring cities
Table 3 presents the impact of industrial parks on the carbon emissions of neighboring cities. The

»  «

regression coefficients reflect the relationships between the “nabour”, “park”, and “non” groups.

For ETDZs, the coefficients of the “nabour” and “park” groups are significantly negative, indicating that
ETDZs reduce carbon emissions in both the reference and neighboring cities, with a stronger effect for the
city where the park is located. In addition, ETDZs have stronger effects than EIDPs on reducing emissions
in cities where parks are located and in neighboring cities. For LCIPs, the coefficients are, however, positive,
possibly due to the short-term study period and the selection of cities for LCIP establishment.
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Table 3. Spatial spillover effects of the impact of industrial park construction on city carbon emissions
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ETDZ EIDP LCIP
Nabour -0.1742%** -0.1439*** 0.6860"**
(0.0447) (0.0140) (0.0265)
Park -1.3279*** -0.3949*** 0.2384***
(0.0707) (0.0450) (0.0628)
Constant 2.5202*** 1.5870** 0.9528***
(0.1880) (0.1945) (0.1910)
N 4284 4284 4284
CONTROL Y Y Y
City fixed effects Y Y Y
Time fixed effects Y Y Y
R 0.4986 0.4986 0.5004

***P < 0.01. The values in parentheses are standard errors.

Distribution of Three Types of Industrial Parks Construction by Province in 1999

Distribution of Three Types of Industrial Parks Construction by Province in 2008
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Figure 2. Distribution of the three types of industrial parks by province in 1999 (A), 2008 (B), 2016 (C) and 2019 (D). The shade of the
fill color indicates the province-level amount of relevant industrial parks for a given year, and the three-color bar charts show the

province-level amount of ETDZs, EIDPs and LCIPs for a given year.

Robustness check
Placebo test

To check the robustness of the DID results, placebo tests were conducted. Figure 5 shows the kernel density
distribution of placebo tests for the three types of industrial parks. Significant differences between the
placebo and actual regression coefficients confirm the robustness of the baseline model results.
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Figure 3. Parallel trend test of carbon emission intensity - ETDZ (A), EIDP (B), and LCIP (C).
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line indicates that the regression coefficient is significant; the dashed line indicates that the regression coefficient is insignificant.

Exclusion of special sample test

Special samples, like Suzhou with numerous industrial parks, could potentially skew the results. Therefore,
cities with three or more parks of the same type were removed for robustness analysis, and the remaining
data were reanalyzed using the baseline model.

Table 4 shows that after excluding special samples, the coefficient for ETDZs changed slightly from -1.1545
to -1.1515, both significant at the 1% level. Other variables remained largely unchanged, indicating that the
presence of special samples did not bring about significant effects. For EIDPs, small changes in coefficient
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Table 4. Excluding special sample test analysis of the impact of industrial park construction on city carbon emissions

ETDZ EIDP LCIP
Before After Before After Before After
TREAT -1.1545*** -1.1515*** -0.3949*** -0.3942*** -0.4504*** -0.4504***
(0.0576) (0.0591) (0.0450) (0.0452) (0.0499) (0.0499)
Constant 2.2756*** 2.3426*** 1.5870*** 1.5895*** 1.6425*** 1.6425***
(0.1784) (0.1900) (0.1945) (0.1992) (0.1863) (0.1863)
N 4,284 4,284 4,284 4,284 4,284 4,284
CONTROL Y Y Y Y Y Y
City fixed effects Y Y Y Y Y Y
Time fixed effects Y Y Y Y Y Y
R? 0.4986 0.4899 0.4986 0.4956 0.4986 0.4986

***P < 0.01. The values in parentheses are standard errors.
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Figure 5. Placebo test for the carbon emission impact - ETDZ (A), EIDP (B), and LCIP (C). notes: the black hollow circles are the random
regression coefficients obtained from each regression, and the red curve shows its kernel density distribution, with the highest point of
the kernel density distribution marked by the red dashed line.

magnitudes and continued statistical significance were found. For LCIPs, there was virtually no difference
after excluding special samples, further supporting the robustness of the regression results.

Consideration of other policies

During the study period, China implemented the low-carbon city pilot policy with known carbon reduction
effects”™. To examine its impact on the results, the variable “low carbon city pilot policy” was added to the
baseline model, where its value is assigned to 1 if pilot cities and 0 otherwise.

Table 5 shows that the core coefficients for all three types of industrial parks remain negative and
statistically significant at the 1% level. This confirms that, even after controlling for other relevant policies,
the construction of industrial parks significantly promotes urban carbon reduction.

Additionally, this study carried out the analysis using the propensity score matching (PSM) method.
Supplementary Figure 1 in the Supplementary Materials presents the absolute standardized mean
differences before and after PSM matching for the three types of industrial parks. Supplementary Table 4
shows the PSM-based analyses of the impact of industrial park construction on city carbon emissions,
which also confirm the robustness of the results.


https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202411/cf4028-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202411/cf4028-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202411/cf4028-SupplementaryMaterials.pdf
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Table 5. Accounting for other policy analyses for the impact of industrial park construction on city carbon emissions

ETDZ EIDP LCIP
(W) (2) (3) (4) (5) (6)
TREAT -11545*** -0.0781*** -0.3949*** -0.3949*** -0.4504*** -0.4504***
(0.0576) (0.0149) (0.0450) (0.0450) (0.0499) (0.0499)
Low carbon city pilot policy -1.0764*** -0.7596*** -1.1545***
(0.05282) (0.0193) (0.0576)
Constant 2.2756*** 23466 1.5870*** 2.3466*** 1.6425*** 2.7970***
(0.1784) (0.1784) (0.1945) (0.1784) (0.1863) (0.1526)
N 4,284 4,284 4,284 4,284 4,284 4,284
CONTROL Y Y Y Y Y Y
City fixed effects Y Y Y Y Y Y
Time fixed effects Y Y Y Y Y Y
R? 0.4986 0.4986 0.4986 0.4986 0.4986 0.4986

***P < 0.01. The values in parentheses are standard errors. Columns (1), (3), and (5) show the results without the introduction of the low-carbon
city pilot policy variable, while columns (2), (4), and (6) show the results with the new variable.

DISCUSSION

This study investigated the effects of three different national-level industrial park policies on urban carbon
emissions in China: Economic and Technological Development Zones (ETDZs), Eco-Industrial
Demonstration Parks (EIDPs), and Low-Carbon Industrial Parks (LCIPs). The role of industrial structure in
the emission change process and the spatial spillover effects of industrial parks on neighboring cities were
also explored. Different types of industrial parks appear to exhibit varying degrees of effectiveness in
reducing city carbon emissions, depending on the policy focuses, geographical locations, and city resource
conditions.

First, ETDZs showed the strongest impact on reducing carbon emissions, particularly in more developed
areas. This is likely due to the focus on attracting high-tech industries, promoting innovation, and industrial
upgrading, which improve energy efficiency. However, the reduction effects would not manifest until a lag
of around 7 years. For High-Tech Industrial Development Zones (HTIDZs) located in the economically
developed eastern coastal areas, they exhibit stronger carbon emission control capabilities thanks to better
infrastructure, stronger policy support, and more concentrated technological and financial resources. The
rapid development of the zones, coupled with their higher degree of openness to foreign investment, brings
about an advantage in curbing carbon emissions compared to their counterparts in less developed regions.
Therefore, this study suggests that more incentives for green technology investment and industrial
upgrading be provided, especially in central and western regions, so as to raise the level of carbon reduction
outcomes.

Second, EIDPs achieved significant emission reductions by promoting cleaner production and industrial
symbiosis, with effects visible within 3 years. These parks improve resource efficiency and waste utilization,
leading to lower carbon emissions. Therefore, expanding the EIDP model, particularly in regions dominated
by heavy industry, may help promote resource-sharing and circular economy practices and thus potentially
reduce carbon emissions.

Third, although LCIPs aim to reduce emissions by deploying low-carbon technologies, their effects were not
significant during the study period, likely due to the recent establishment and a need for more time to
exhibit visible impacts. Hence, long-term support and financial incentives would be needed to promote low-
carbon technologies.
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CONCLUSIONS

Using a dataset covering 204 cities across China over the period of 1999-2019, this study investigated the
effects of three different types of industrial park policies on city carbon emissions. The DID method and the
mediation effects model were employed. The results show that: (1) the construction of all three types of
industrial parks, ETDZ, EIDP, and LCIP, significantly reduced city carbon emission intensity, with ETDZ
exhibiting the strongest effect; (2) Lag effects exist, where it takes an average of 7 years for ETDZ to exhibit
emission reductions, and for EIDP an average of 3 years. LCIP has not yet shown dynamic emission
reduction effects during the study period; (3) Both ETDZ and EIDP induce carbon emission reductions by
raising the GDP share of the tertiary sector relatively, yet the mediating role of industrial structure for LCIP
was not evident; (4) The emission effects of industrial parks would vary in sign and magnitude with respect
to city’s geographical region, resource endowments, and their own amounts; and (5) All three types of
industrial parks exhibit spatial spillover effects, with ETDZ and EIDP reducing the carbon emission
intensity of surrounding cities, while LCIP does the opposite.

Limitations

The study has several limitations that may affect the findings. First, the data period of 1999-2019 may not be
long enough to fully capture the long-term effects of some industrial parks, especially LCIP. Second, the
control variables used (investment level, industrial development, economic development, and population
density) may not capture the influence of other potentially important factors like energy mix, technological
innovation, transportation infrastructure, and environmental policies, which could also influence carbon
emissions. Additionally, the study focuses on three types of industrial parks, potentially overlooking the
effects of other industrial park types. These limitations suggest that the results may not have fully reflected
the broader or longer-term impacts of industrial park policies on carbon emissions. Future research could
extend the data range, incorporate additional control variables, and consider more types of industrial parks
to address these issues”**”.

DECLARATIONS

Authors’ contributions

Made substantial contributions to the conception and design of the study and performed data analysis and
interpretation: Hu X, Zhang YW

Performed the data acquisition and provided administrative, technical, and material support: Geng Y,
Zhang YW, Yu H, LiL

Availability of data and materials
The data used for this study could be available from the corresponding author upon reasonable request.

Financial support and sponsorship
This work was supported by the National Natural Science Foundation of China (72088101) and Shanghai
Jiao Tong University (WF220428008).

Conflicts of interest

Geng Y is the Guest Editor of the Special Issue “Pathway and Policy Implications of Urban Low-Carbon
Transition under Carbon Neutrality” and the Editor-in-Chief of the journal Carbon Footprints. While the
other authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.



Hu et al. Carbon Footprints 2024;3:16 | https://dx.doi.org/10.20517/cf.2024.28 Page 15 of 16

Consent for publication
Not applicable.

Copyright
© The Author(s) 2024.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Horowitz CA. Paris agreement. Int Leg Mater 2016;55:740-55. DOI

LiZZ, Li RYM, Malik MY, Murshed M, Khan Z, Umar M. Determinants of carbon emission in China: how good is green investment?
Sustain Prod Consum 2021;27:392-401. DOI

Zhao C, Ju S, Xue Y, Ren T, Ji Y, Chen X. China’s energy transitions for carbon neutrality: challenges and opportunities. Carb
Neutral 2022;1:7. DOI PMC

Chen Q, Mao X, Hu F. Optimal city carbon emissions in China from a theoretical perspective. Carb Neutral 2023;2:32. DOI
Statistical Review of World Energy. 2022. Available from: https://www.energyinst.org/statistical-review [Last accessed on 7 Nov
2024].

National Bureau of Statistics. Annual data. Available from: https://data.stats.gov.cn/easyquery.htm?cn=CO01 [Last accessed on 8 Nov
2024].

Shi D, Li P. Industrial carbon emission structure simulation and policy impact under the target of "double carbon". Reform 2021;12:30-
44. (in Chinese). Available from: https://qikan.cqvip.com/Qikan/Article/Detail?id=7106167766 [Last accessed on 9 Nov 2024]
National Development and Reform Commission of the People’s Republic of China, Ministry of Science and Technology of the
People’s Republic of China, Ministry of Land and Resources of the People’s Republic of China, et al. Catalog of China’s development
zones audit and announcement (2018 edition). Available from: https://www.gov.cn/zhengce/zhengeeku/2018-12/31/5434045/files/
6eea5e4b78a645¢1a27¢231b152792ef.pdf [Last accessed on 7 Nov 2024].

Ministry of Industry and Information Technology of the People’s Republic of China. Series of interpretation materials for industrial
transformation and upgrading planning (2011-2015) (No.16). Available from: https://www.miit.gov.cn/jgsj/ghs/gzdt/art/2020/art
eld7e4cc20394c98b79471b0ae26e7bb.html [Last accessed on 9 Nov 2024].

Guo Y, Lv YZ, Yan K, Tian JP, Chen LJ. Research on low carbon development path of industrial parks in China. China Environ
Manag 2021;13:49-58. (in Chinese). DOI

Chen LP. Dual carbon targets guide green development of China’s industrial parks. China Environ Manag 2021;6:5-6. (in Chinese).
Available from: https://qikan.cqvip.com/Qikan/Article/Detail?id=7106384505 [Last accessed on 9 Nov 2024]

Fei W, Niu L, Liu J, et al. Empirical analysis of carbon emission accounting and factor decomposition in industrial park. J Environ
Eng 2023;17:3744-53. (in Chinese). DOI

Wang Q, Zhou L, Su X, Liao L, Liu J, Xiao S. Analysis of carbon emission factors and study of low-carbon pathway in a
petrochemical park. Guangdong Chem 2023;21:128-31. (in Chinese). Available from: https://qikan.cqvip.com/Qikan/Article/
Detail?id=7110909453 [Last accessed on 9 Nov 2024]

Zhou DQ, Deng HD, Wang YZ, Wu F. Study on the path of realizing the “dual carbon” goal in traditional industrial parks-the case of
Jiangbei new material science and technology park. J Beijing Inst Technol 2022;24:37-51. (in Chinese). DOI

Li XJ, He K, Luo Y, Huang W, Niu Y, et al. Spatial characteristics of carbon emissions and carbon neutralization strategies in
Guangdong, Hong Kong and Macao greater bay area. J Urban Plan 2022;1:27-34. (in Chinese). DOI

Dong H, Geng Y, Xi F, Fujita T. Carbon footprint evaluation at industrial park level: a hybrid life cycle assessment approach. Energy
Policy 2013;57:298-307. DOI

Dong Q, Zhong C, Geng Y, Dong F, Chen W, Zhang Y. A bibliometric review of carbon footprint research. Carbon Footprints
2024;3:3. DOI

Guo Y, Tian J, Zang N, Gao Y, Chen L. The role of industrial parks in mitigating greenhouse gas emissions from China. Environ Sci
Technol 2018;52:7754-62. DOI

Dong HJ. Research on carbon footprint assessment method and low carbon optimization path for industrial parks; 2012. University of
Chinese Academy of Sciences. (in Chinese). Available from: https://d.wanfangdata.com.cn/thesis/Y2186403 [Last accessed on 9 Nov
2024]

Meng Y, Liu L, Wang J, Ran Q, Yang X, Shen J. Assessing the impact of the national sustainable development planning of resource-
based cities policy on pollution emission intensity: evidence from 270 prefecture-level cities in China. Sustainability 2021;13:7293.
DOI

Nie X, Wu J, Wang H, Li W, Huang C, Li L. Contributing to carbon peak: estimating the causal impact of eco-industrial parks on low-
carbon development in China. J Ind Ecol 2022;26:1578-93. DOI

Song L, Zhou X. Does the green industry policy reduce industrial pollution emissions? - Evidence from China’s national eco-industrial
park. Sustainability 2021;13:6343. DOI

Qian L, Xu X, Sun Y, Zhou Y. Carbon emission reduction effects of eco-industrial park policy in China. Energy 2022;261:125315.
DOI


https://dx.doi.org/10.1017/s0020782900004253
https://dx.doi.org/10.1016/j.spc.2020.11.008
https://dx.doi.org/10.1007/s43979-022-00010-y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9015888
https://dx.doi.org/10.1007/s43979-023-00070-8
https://www.energyinst.org/statistical-review
https://data.stats.gov.cn/easyquery.htm?cn=C01
https://qikan.cqvip.com/Qikan/Article/Detail?id=7106167766
https://www.gov.cn/zhengce/zhengceku/2018-12/31/5434045/files/6eea5e4b78a645c1a27c231b152792ef.pdf
https://www.gov.cn/zhengce/zhengceku/2018-12/31/5434045/files/6eea5e4b78a645c1a27c231b152792ef.pdf
https://www.miit.gov.cn/jgsj/ghs/gzdt/art/2020/art_e1d7e4cc20394c98b79471b0ae26e7bb.html
https://www.miit.gov.cn/jgsj/ghs/gzdt/art/2020/art_e1d7e4cc20394c98b79471b0ae26e7bb.html
https://dx.doi.org/10.16868/j.cnki.1674-6252.2021.01.049
https://qikan.cqvip.com/Qikan/Article/Detail?id=7106384505
https://dx.doi.org/10.12030/j.cjee.202308118
https://qikan.cqvip.com/Qikan/Article/Detail?id=7110909453
https://qikan.cqvip.com/Qikan/Article/Detail?id=7110909453
https://dx.doi.org/10.15918/j.jbitss1009-3370.2022.1243
https://dx.doi.org/10.16361/j.upf.202201004
https://dx.doi.org/10.1016/j.enpol.2013.01.057
https://dx.doi.org/10.20517/cf.2023.45
https://dx.doi.org/10.1021/acs.est.8b00537
https://d.wanfangdata.com.cn/thesis/Y2186403
https://dx.doi.org/10.3390/su13137293
https://dx.doi.org/10.1111/jiec.13298
https://dx.doi.org/10.3390/su13116343
https://dx.doi.org/10.1016/j.energy.2022.125315

Page 16 of 16 Hu et al. Carbon Footprints 2024;3:16 | https://dx.doi.org/10.20517/cf.2024.28

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hua Y, Ye Y. Carbon emission reduction effect of green location-oriented policies-practice from national eco-industrial demonstration
parks. Quant Tech Econ Res 2023;40:94-112. (in Chinese). DOI

Cao K, Jin L, Zhu Y, Nie Z, Li H. Does China’s national demonstration eco-industrial park reduce carbon dioxide and sulfur dioxide-a
study based on the upgrading and transformation process. /nt J Environ Res Public Health 2022;19:12957. DOI PubMed PMC

Shen Z, Balezentis T. Devising evidence-based strategies for progress towards zero-carbon energy at the country level: the by-
production approach. J Environ Manag 2023;340:117974. DOI

Zhang M, Al Kafy A, Xiao P, et al. Impact of urban expansion on land surface temperature and carbon emissions using machine
learning algorithms in Wuhan, China. Urban Climate 2023;47:101347. DOI

Li B, Wu LH. Establishment of development zones and firm growth: a study of heterogeneity and mechanisms. Chin Ind Econ
2018;4:79-97. (in Chinese). DOI

Ministry of Commerce of the People’s Republic of China. State-level economic and technological development zone. Available from:
2024].

Ministry of Ecology and Environment of the People’s Republic of China; Ministry of Science and Technology of the People’s
Republic of China; Ministry of Commerce of the People’s Republic of China. Notice on the release of the list of national eco-industrial
demonstration parks. Available from: https://www.mee.gov.cn/gkml/hbb/bwj/201702/t20170206_395446.htm [Last accessed on 7 Nov
2024].

Ministry of Ecology and Environment of the People’s Republic of China; Ministry of Commerce of the People’s Republic of China;
Ministry of Science and Technology of the People’s Republic of China. Notice on the approval of Shanghai comprehensive industrial
development zone and four other zones as national eco-industrial demonstration zones. Available from: https://www.mee.gov.cn/
xxgk2018/xxgk/xxgk03/201907/t20190717_711353.html [Last accessed on 7 Nov 2024].

Ministry of Ecology and Environment of the People’s Republic of China; Ministry of Commerce of the People’s Republic of China;
Ministry of Science and Technology of the People’s Republic of China. Notice on the approval of Wuhu economic and technological
development zone and other 10 parks as national eco-industrial demonstration parks. Available from: https://www.mee.gov.cn/
xxgk2018/xxgk/xxgk03/202012/t20201223 814453.html [Last accessed on 7 Nov 2024].

Ministry of Ecology and Environment of the People’s Republic of China; Ministry of Commerce of the People’s Republic of China;
Ministry of Science and Technology of the People’s Republic of China. Notice on agreeing to name Zhangjiagang economic and
technological development zone and other 8 zones as ecological civilization construction demonstration zones (eco-industrial parks).
Available from: https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202212/t20221206_1006994.html [Last accessed on 7 Nov 2024].
Ministry of Industry and Information Technology of the People’s Republic of China; National Development and Reform Commission.
Reply to the approval of the implementation programme of the pilot national low-carbon industrial parks. Available from: https://
www.miit.gov.cn/jgsj/jns/gzdt/art/2020/art 7dbe85a8d1d54ec1984bd2¢728311d10.html [Last accessed on 7 Nov 2024].

Ministry of Industry and Information Technology of the People’s Republic of China; National Development and Reform Commission.
Approval of the implementation programme of the pilot national low carbon industrial park (Second Batch). Available from: https:/
www.miit.gov.cn/jgsj/jns/wjfb/art/2020/art_5d00cbffc8b54bf2baad8456decd1776.html [Last accessed on 7 Nov 2024].

Chen J, Liu J, Qi J, et al. City- and county-level spatio-temporal energy consumption and efficiency datasets for China from 1997 to
2017. Sci Data 2022;9:101. DOI

Yu Y, Zhang N. Low-carbon city pilot and carbon emission efficiency: quasi-experimental evidence from China. Energy Econ
2021;96:105125. DOI

Ren X, Shi Y, Jin C. Climate policy uncertainty and corporate investment: evidence from the Chinese energy industry. Carb Neutral
2022;1:14. DOI

General Office of the Ministry of Industry and Information Technology. Notice of the General Office of the Ministry of Industry and
Information Technology on the Recommendation of Green Manufacturing List for the Year 2023. Available from: https://wap.miit.
gov.cn/jgsj/jns/gzdt/art/2023/art_b2007e2e1a394£2b9b39¢80c3d6ccdba.html [Last accessed on 7 Nov 2024].

National Development and Reform Commission. Circular on the issuance of the national carbon peak pilot construction program.
Available from: https://www.gov.cn/zhengce/zhengeeku/202311/content_6913873.htm [Last accessed on 7 Nov 2024].


https://dx.doi.org/10.13653/j.cnki.jqte.20230310.003
https://dx.doi.org/10.3390/ijerph191912957
http://www.ncbi.nlm.nih.gov/pubmed/36232256
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9565926
https://dx.doi.org/10.1016/j.jenvman.2023.117974
https://dx.doi.org/10.1016/j.uclim.2022.101347
https://dx.doi.org/10.19581/j.cnki.ciejournal.2018.04.005
https://wzs.mofcom.gov.cn/gjjjjjskfqhbjjjhzq/kfqdh/art/2022/art_437a75a109554c5db515361a33a66558.html
https://www.mee.gov.cn/gkml/hbb/bwj/201702/t20170206_395446.htm
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201907/t20190717_711353.html
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201907/t20190717_711353.html
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202012/t20201223_814453.html
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202012/t20201223_814453.html
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202212/t20221206_1006994.html
https://www.miit.gov.cn/jgsj/jns/gzdt/art/2020/art_7dbe85a8d1d54ec1984bd2c728311d10.html
https://www.miit.gov.cn/jgsj/jns/gzdt/art/2020/art_7dbe85a8d1d54ec1984bd2c728311d10.html
https://www.miit.gov.cn/jgsj/jns/wjfb/art/2020/art_5d00cbffc8b54bf2baa98456decd1776.html
https://www.miit.gov.cn/jgsj/jns/wjfb/art/2020/art_5d00cbffc8b54bf2baa98456decd1776.html
https://dx.doi.org/10.1038/s41597-022-01240-6
https://dx.doi.org/10.1016/j.eneco.2021.105125
https://dx.doi.org/10.1007/s43979-022-00008-6
https://wap.miit.gov.cn/jgsj/jns/gzdt/art/2023/art_b2007e2e1a394f2b9b39c80c3d6ccdba.html
https://wap.miit.gov.cn/jgsj/jns/gzdt/art/2023/art_b2007e2e1a394f2b9b39c80c3d6ccdba.html
https://www.gov.cn/zhengce/zhengceku/202311/content_6913873.htm

