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Abstract: Although both circular economy and green innovation (GI) have received increasing
research attention, little is known about their relationship. Based on quasi-natural experimental
analysis, this study explored the impact and mechanism of the National Circular Economy Demon-
stration City (NCEDC) policy on GI in China and adopted a difference-in-difference (DID) model
using the data of 265 cities in China from 2004 to 2018. The results show that the NCEDC policy
has significantly improved the cities’ GI level, which can be achieved through industrial structure
upgrading and innovation R&D investment effect, and has a stronger performance in eastern cities
and lower administrative level cities. Our findings not only present novel evidence on the relationship
between the circular economy and GI, but also offer valuable insights for advancing policy pilot
initiatives in the field of environmental management.
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1. Introduction

To cope with current global economic, energy, and environmental crises, many coun-
tries and regions are seeking to promote a green innovation (GI) revolution by prioritising
the role of green technology. GI aims to solve the economic crisis and restore economic
growth while simultaneously relieving ecological and environmental pressure, reduc-
ing resource consumption, ensuring energy and environmental security, and achieving
a competitive advantage in the new round of scientific and technological revolution and
industrial change [1,2]. However, in the real world, due to the long cycle and high cost of
green technology development, coupled with externalities such as the risk that the market
demand for green technology is not obvious [3], leading to insufficient incentives for GI
in the main body of innovation represented by enterprises, GI activities are generally in
the doldrums. In 2023, the Global Patent Statistics and Analysis Report on Green and
Low Carbon Technologies, published by the State Intellectual Property Office of China,
highlighted a concerning trend: between 2016 and 2022, there was an overall decline in
global green and low-carbon patent grants. In response, stakeholders are seeking ways to
reverse the regional decline in GI and enhance the strength of GI.

In recent years, the development of the circular economy has provided a new his-
torical opportunity for the activation of GI activities. As a new economic development
model different from the traditional economy and based on the recovery and recycling
of resources, the circular economy has been given rich connotations under the policy ex-
pectations and sustained attention of the practical and academic circles [4]. Despite the
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many differences in the understanding of the circular economy to date, some consensus has
been reached [5–8]: (1) advocating for breaking away from the linear development model
characterised by resource consumption in traditional economies, guided by ecological
principles, to form a feedback loop of “resources-products-recycled resources” in economic
activities [9]; (2) prioritizing efficient utilisation and recycling of resources, characterised by
low consumption, low emissions, and high efficiency [10]; (3) emphasizing the management
of product lifecycle to maximise product lifespan and value [11]; (4) promoting synergistic
collaboration among different industries to construct circular value chains and achieve
resource sharing and recycling [12]. The green attributes of the circular economy have
invariably brought about huge positive externalities and have become a new growth point
in the demand for GI. To this end, governments have launched a series of targeted policy
measures and spared no effort to develop the circular economy. As the world’s second
largest economy, China ambitiously launched a circular economy construction programme
as early as around 2000. In September 2013, the NDRC issued a Notice on Organising the
Creation of Circular Economy Demonstration Cities (Counties) and a Guide for the Prepa-
ration of Implementation Plans for the Creation of Circular Economy Demonstration Cities
(Counties). Eighteen prefecture-level cities, including Chengde City in Hebei Province,
were approved as pilot cities for the NCEDC policy. In 2015, according to experience gained
in the first batch of pilot cities and the Notice on the Construction of Circular Economy
Demonstration Cities (Counties), the NDRC, the Ministry of Finance, and the Ministry of
Housing and Construction jointly announced the second batch of pilot cities, involving
more than 20 prefecture-level cities, including Taizhou City in Zhejiang Province (shown in
Figure 1). The NCEDC policy was originally designed to increase resource productivity and
integrate the concept of circular economy into industrial, agricultural, and service sector
development, as well as urban infrastructure. However, whether the circular economy
policy practices represented by the NCEDC can really bring the expected huge dividends
to GI is not yet supported by direct evidence and needs to be further verified.

This paper builds on three threads of the literature. The first circular economy litera-
ture focuses on the strategic value of the circular economy for business operations and social
progress, based on a critical analysis of the circular economy [7,8]. This value is mainly
reflected in technological progress, business model innovation, industrial transformation,
and environmental protection [13,14]. At the same time, forward-looking forecasts and pro-
jections of the application and development of the circular economy are made [15]. Some
scholars, from a pragmatic point of view, have focused on analysing the practice of circular
economy construction in various countries, trying to extract the successful experiences
and dig out the potential risks [16]. Newer discussions have mainly landed on the topic
of circular disruption [17], on the one hand, constructing and analysing the process and
mechanism of how to accelerate the transition from a linear economic paradigm to a circular
economy [18], and on the other hand, paying attention to the relationship between the
transition to a circular economy and digitisation, focusing on how digitisation, as a driving
force, can realise the transition of the economic paradigm to a circular economy through the
disruptive innovation of the business model [19,20], and sketching out the roadmap for a
systematic implementation [21]. The second branch is the literature on the theme of GI. This
literature, which originated from Schumpeter’s innovation theory research, focuses on the
historical background and connotative functions of GI on the one hand, and advocates that
GI is a product of the promotion of the global sustainable development strategy [22], which
aims to mitigate environmental risks, improve resource efficiency, enhance organisational
reputation, and promote the synergistic development of ecology and the economy through
the adoption of environmentally friendly and efficient methods in technology and prod-
ucts [23,24]. On the other hand, the factors affecting GI are analysed from the perspective of
empirical analysis. These factors cover both micro-levels, such as corporate qualifications,
corporate social responsibility, supplier pressure, and employee behaviour [25,26], and
macro-levels, such as government subsidies, environmental decentralisation, and fiscal and
financial policies [27–32]. Of course, some studies have also considered GI as a driving
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variable, and have examined its contribution to social employment, firm performance, and
other areas with the help of econometric modelling [33,34]. A third strand of the literature
explores the relationship between environmental policy and GI [35]. These studies centre
around the battle between neoclassical economic theory and the Porter hypothesis with
two opposing perspectives [36–40]. One view is the “inhibition theory”, which argues that
if the government implements environmental regulatory policies, it will lead to higher
costs for firms, which will inhibit their GI capacity through the crowding-out effect [41].
Another view is the “facilitation theory”, which argues that firms will increase their own GI
activities and use the innovation compensation effect to offset the costs of environmental
regulations [42–45]. In contrast to the above, a more integrative view emphasises that
the relationship between environmental regulation and GI is a non-linear one, with the
direction of the former towards the latter depending on the strength of the environmental
regulation [46–48].

Sustainability 2024, 16, x FOR PEER REVIEW 4 of 18 
 

 

 
Figure 1. Spatial distribution of pilot cities and non-pilot cities in China. 

2. Theoretical Analysis and Research Hypothesis 
The NCEDC policy, as an incentive and a guiding regulatory tool led by the central 

government, aims to promote circular production and green behaviour in relation to pro-
duction, distribution, and consumption, and to drive green development and low-carbon 
development through circular development [49,50]. According to the expectations of pol-
icy promoters, the implementation of NCEDC policy will bring about the adjustment and 
upgrading of economic development model, which is manifested in the transformation 
from the traditional extensive model characterised by excessive consumption of resources 
to a sustainable development model with resource conservation and environmental 
friendliness as the core goal, so as to reduce the disorderly destruction and deprivation of 
the environment and resources of city development [51]. This process is often accompa-
nied by technological innovation. The actual demand for green technology will prompt 
innovative subjects to make adjustments, change the direction of existing technological 
innovation, and carry out a large number of technological innovation activities with the 
theme of green ecology [52]. A further interpretation is given by the Porter hypothesis, 
which suggests that moderately positive environmental policies stimulate the willingness 
of innovators to innovate [53,54]. Under the pressure of environmental policy rules, inno-
vators lacking alternatives will always choose to carry out green content technological in-
novation based on economic rational considerations, improve the utilisation rate of re-
sources and reduce environmental pollution through technological innovation, and 
achieve environmental benefits while ensuring economic benefits. In addition, empirical 

Figure 1. Spatial distribution of pilot cities and non-pilot cities in China.

Although research on the circular economy and GI has yielded relatively rich results,
there are still some research gaps. Firstly, established studies focus on the relationship
between environmental regulation and innovation and do not provide direct evidence
confirming the correlation between circular economy development and GI from a disaggre-
gated perspective. Second, although scholars have conducted a great deal of research on the
influencing factors of GI, there is a lack of full understanding of how the influencing factors
play a role in the process mechanism of GI and deeper issues such as the phenomenon
of heterogeneity. Thirdly, methodological preferences oriented towards case studies and
traditional regression models have led the empirical class of GI studies to fall into the trap
of endogeneity and generalisation.
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In conclusion, this study treats NCEDC policy as a quasi-natural experiment and
empirically examines the relationship between NCEDC policy and urban GI levels using
a time-varying difference-in-difference (DID) method with a sample of 265 prefecture-
level cities in China. Compared with previous studies, this study is innovative in the
following aspects: First, this study uses a large-scale data sample to assess the impact of
NCEDC policy on urban GI for the first time and provides a comprehensive explanation
of this impact. This not only fills a gap in the research on this topic, but also provides
new supporting evidence to test the Porter hypothesis. Second, based on the process of
NCEDC policy, we reveal the potential mechanism of NCEDC policy in promoting urban
GI, which not only enriches the theoretical research on NCEDC policy and GI, but also
helps us to understand the operation of NCEDC policy. Third, based on the heterogeneity
of city characteristics, we examine the variability of the impact of NCEDC policies on GI,
which breaks through the limitation of similar studies that only focus on the overall effect
of policies and provides an important basis for us to look at NCEDC policies dialectically
and objectively. Fourth, the quasi-natural experiment approach effectively overcomes the
endogeneity problem prevalent in previous policy evaluations and enhances the credibility
of the study results.

2. Theoretical Analysis and Research Hypothesis

The NCEDC policy, as an incentive and a guiding regulatory tool led by the central
government, aims to promote circular production and green behaviour in relation to pro-
duction, distribution, and consumption, and to drive green development and low-carbon
development through circular development [49,50]. According to the expectations of policy
promoters, the implementation of NCEDC policy will bring about the adjustment and
upgrading of economic development model, which is manifested in the transformation
from the traditional extensive model characterised by excessive consumption of resources
to a sustainable development model with resource conservation and environmental friend-
liness as the core goal, so as to reduce the disorderly destruction and deprivation of the
environment and resources of city development [51]. This process is often accompanied by
technological innovation. The actual demand for green technology will prompt innovative
subjects to make adjustments, change the direction of existing technological innovation,
and carry out a large number of technological innovation activities with the theme of green
ecology [52]. A further interpretation is given by the Porter hypothesis, which suggests
that moderately positive environmental policies stimulate the willingness of innovators
to innovate [53,54]. Under the pressure of environmental policy rules, innovators lacking
alternatives will always choose to carry out green content technological innovation based
on economic rational considerations, improve the utilisation rate of resources and reduce
environmental pollution through technological innovation, and achieve environmental
benefits while ensuring economic benefits. In addition, empirical studies also reveal the
correlation between environmental policies and GI: Wang et al. identified datasets at
the provincial level in China and found that environmental pilot policies have positive
implications for promoting GI capabilities in pilot areas [55]. Ma et al. [56], based on
micro-enterprise level data testing, found that the low-carbon city pilot policy, which is an
environmental regulatory policy, can stimulate the vitality of green technology innovation
of enterprises and bring considerable technical product outputs. Zhou and Wang [57], from
a city-level perspective, point out that the environmental policy of the Emissions Trading
Scheme positively promotes regional green technology innovation. Based on the above
analysis, we propose the following hypothesis:

Hypothesis 1. The NCEDC policy can enhance the level of urban GI.

Relevant studies have concluded that environmental policies often play an active role
in the process of regional industrial restructuring [58]. During the implementation of the
NCEDC policy, implementers will make targeted use of the relevant regulatory tools to pro-
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mote industrial restructuring. On one hand, the NCEDC policy uses control and constraint-
type regulatory instruments to increase the pollution costs in the production of enterprises
at the micro level. As enterprises pursue profit maximisation, increased governance and
production costs will force enterprises to reduce factor inputs to energy-intensive and
high-energy-consuming industries and gradually phase out traditional pollution-intensive
industries, while changing the allocation of enterprises’ production factors to increase factor
allocation to energy-saving and environmental protection industries [59]. On the other
hand, the NCEDC policy uses market incentive-based regulatory tools to stimulate and
guide enterprises to adjust their development methods to develop technology-intensive
industries. This has greatly promoted the agglomeration and development of a large
number of high-tech, low-carbon, low-emission, eco-friendly, and other new industries
with high technological content and high productivity. The change in the spatial layout
of industries has led to a flow reset effect of production factors from low-productivity
to high-productivity sectors [60,61]. This industrial structure upgrade is conducive to
improving the added value of products and resource utilisation efficiency, reducing energy
and resource consumption, and improving the ecological environment while increasing the
GI capacity of cities, which is beneficial for upgrading urban GI [62]. Based on the above
analysis, we propose the following hypothesis:

Hypothesis 2. The NCEDC policy can promote urban GI through industrial structure upgrading.

Jaffe and Palmer point out that environmental regulations usually stimulate incentives
in the science and technology sector to invest in R&D [63]. In accordance with the roadmap
for the implementation of the NCEDC policy, the government will introduce corresponding
financial and fiscal support measures to increase financial support for technological R&D
in the fields of new energy, energy conservation, environmental protection, and recycling
of renewable resources. This can effectively enhance the ability of independent research
institutes and enterprises to achieve innovation and scientific and technological transforma-
tion [64,65]. As GI activities are usually characterised by high risks, long innovation cycles,
and irreversible processes [66], they require a large amount of financial support. Under
this premise, the innovative R&D financial support provided by the government based
on a pilot special financial allocation mechanism will greatly alleviate the GI financing
dilemma of research institutes and enterprises, which can change the material conditions
of innovation, optimise the GI environment, and reduce the risk of failure of GI activities.
On the other hand, according to the theory of “innovation compensation” [67], with the
implementation of NCEDC policy, the government urgently needs to use GI to offset the
cost of pollution control. Investment in innovative R&D can act as financial leverage to
guide innovation activities towards GI technology, thereby enhancing the level of urban
GI level.

Hypothesis 3. The NCEDC policy can promote urban GI through R&D funding support.

3. Materials and Methods
3.1. Baseline Model

The progressive NCEDC policy experiment in China will lead to some variability
between pilot and non-pilot areas before and after implementation. This provides a good
opportunity to adopt the DID approach to evaluate the effect of the NCEDC policy [68]. The
DID approach is simple but scientific and can precisely determine the net effect of the policy
while effectively dealing with the endogeneity problem. Considering the different timing of
the policy shock for each city, we borrowed from Beck et al. [69] and used the time-varying
DID method to construct an experimental group and a control group to estimate the impact
of the NCEDC policy on GI. The model form was set as follows:

GIit = a0 + a1NCEDCit + a2Xit + µi + γt + εit (1)
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where i and t denote the city and year, respectively, GIit denotes the GI level, and NCEDCit
denotes the policy effect of NCEDC and is the product of the time dummy variable and the
city dummy variable, where NCEDCit is assigned to 1 in year t and later if city i is approved
for NCEDC in that year, and 0 otherwise. Xit is a set of control variables, µi and γt denote
year fixed effects and city fixed effects, respectively, and εit denotes the random error term.
The coefficient a1, as an important basis for assessing the policy implementation effect,
measures the net impact of the NCEDC policy on the regional GI level. If a1 is significantly
positive, it indicates that the policy can enhance the GI level of cities; otherwise, it indicates
that the desired policy effect is not achieved.

3.2. Mechanism Testing Model

In order to analyse the transmission mechanism of the NCEDC policy affecting GI [70],
we extended the baseline model by adding an interaction term between the NCEDC policy
dummy variables and the mechanism variables, with the specific model set up as follows:

GIit = a0 + a1NCEDCit + a2NCEDCit × MEDit + a3Xit + µi + γt + εit (2)

In Equation (2), MEDit represents the mechanism variable, and other variables are the
same as Equation (1). We focus on the coefficient a2. If the coefficient a2 is significant, it
indicates the existence of a transmission mechanism.

3.3. Variable Measurement
3.3.1. Explained Variables

The core explanatory variable in this paper is GI at the technology level, which
was measured using regional green invention patents. Green invention patents are a set
of technologies, processes, and products that save resources, improve energy efficiency,
prevent and control pollution, and achieve sustainable development [71]. Compared
with other measures, this represents a more intuitive way to measure the overall level
of green technological innovation activities in a region. We identified green invention
patents based on IPC codes in the Green List of International Patent Classification issued
by the World Intellectual Property Organization. On this basis, we borrowed from Wurlod
and Noailly [72] and chose the number of green patent applications as an indicator of a
city’s GI capacity. Compared with patent grants, patent applications are a summary of
current technology applications and innovations that are closer in time to the point of
innovation and less disturbed by factors such as institutional efficiency and bureaucratic
preferences [73].

3.3.2. Key Explanatory Variables

The core explanatory variable in this study was the NCEDC policy dummy variable.
We assigned uniform values based on the official list of pilot cities in China, combined with
their time of establishment.

3.3.3. Control Variables

To ensure that the study results were not affected by urban heterogeneity, we re-
ferred to the existing literature to select several control variables: (1) the level of economic
development, measured by regional GDP per capita [74]; (2) government intervention,
measured using the ratio of government fiscal expenditure to GDP [75]; (3) population
density, measured using the population at the end of the year and the land area of the
administrative area [76]; (4) the degree of openness to the outside world, measured by
the amount of foreign capital actually used in the year [77]; (5) fixed asset investment,
measured by the total social fixed asset investment in each city [78]; and (6) financial
development level, measured by the year-end deposit balance of financial institutions in
each city [79]. To reduce the impact of heteroskedasticity on the regression results and
ensure the robustness of the results, we logarithmised all control variables except for the
government intervention variable.
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3.4. Data Sources and Descriptive Statistics

After excluding administrative changes and cities with large information gaps, we
used balanced panel data of 265 prefecture-level cities from 2004 to 2018 as the study
dataset. Pilot city information is mainly available through the National Development and
Reform Commission website. Patent data were obtained by searching statistics from public
databases, such as the State Intellectual Property Office. Other data were obtained by
collating and calculating public information such as the 2004–2018 China Urban Statistical
Yearbook, regional statistical yearbooks, and statistical bulletins on national economic and
social development. Missing data for individual years were created using interpolation.
The descriptive statistics of relevant variables are shown in Table 1.

Table 1. Descriptive statistics.

Variables Obs. Mean S.D. Min. Max.

GI 3975 32.733 40.355 0.000 179.000
NCEDC 3975 0.044 0.205 0.000 1.000

ln(PGDP) 3975 10.229 0.858 2.273 13.056
GOV 3975 0.159 0.080 0.040 1.485

ln(PD) 3975 5.777 0.875 1.548 7.887
ln(FDI) 3975 9.695 1.851 2.079 14.545
ln(FAI) 3975 6.448 1.128 3.056 9.828
ln(IFD) 3975 16.291 1.132 13.410 20.348

Note: GI, green innovation; NCEDC, NCEDC policy dummy; PGDP, level of economic development; GOV,
government intervention; PD, population density; FDI, degree of openness to the outside world; FAI, fixed asset
investment; IFD, financial development level.

4. Empirical Results
4.1. Baseline Regressive Results

According to Equation (1), we tested the impact of the NCEDC policy on GI using a
two-way fixed effects model, and the baseline results are reported in Table 2. Based on the
results in column (1), the coefficient of NCEDC is significantly positive at the 1% confidence
level without considering the control variables and fixed effects, which implies a correlation
between NCEDC and GI. After adding the control variables, the estimated coefficient of
NCEDC in column (2) remained significantly positive. Column (3) shows the results after
adding all control variables and fixed effects, and the estimated coefficient on NCEDC is
5.951, which is significantly positive at the 5% level, implying that, all else being equal,
the GI of the pilot cities improves by an average of 5.951 units relative to that of the non-
pilot cities, a result that confirms Hypothesis 1. This finding is generally consistent with
those of Zheng et al. [80] and Hysa et al. [81]. Our findings suggest that, although green
technological innovation contributes to the development of a circular economy, promotion
of the circular economy model can in turn stimulate and support GI activities in cities,
which then enhances the GI strength of cities.

Table 2. Baseline estimates.

Variables
Explained Variables: GI

(1) (2) (3)

NCEDC
69.364 *** 21.813 *** 5.951 **
(26.900) (6.733) (2.353)

ln(PGDP)
−3.852 *** 0.747 *
(−4.260) (1.757)

GOV
−29.141 −21.074 *
(−1.491) (−1.934)

ln(PD)
−38.266 *** 2.125

(−2.836) (0.369)
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Table 2. Cont.

Variables
Explained Variables: GI

(1) (2) (3)

ln(FDI)
−3.424 *** 0.132
(−6.207) (0.494)

ln(FAI)
−16.168 *** −1.837

(−7.136) (−1.485)

ln(IFD)
69.627 *** 4.405 *
(20.106) (1.702)

Constant
29.697 *** −699.996 *** −70.553
(263.099) (−8.218) (−1.421)

Year FE × ×
√

City FE × ×
√

Obs. 3975 3975 3975
R-squared 0.086 0.564 0.852

Note: Standard deviations are in parentheses; * p < 0.1,** p < 0.05, *** p < 0.01.

4.2. Common Trend Test and Dynamic Test

An important prerequisite for adopting the DID approach for policy effect assessment
is the need to satisfy the common trend hypothesis [60]; that is, the GI of pilot and non-
pilot cities should have a common trend of change prior to the NCEDC policy shock. To
test the above hypothesis, we drew on the research of Beck et al. [69] and used the event
study method.

The results are plotted in Figure 2. As can be seen from the figure, none of the estimated
coefficients of the policy dummy variables were significant before the implementation of
the NCEDC policy, indicating that the trend of GI changes in the experimental and control
groups was not significantly different before the introduction of the NCEDC policy, which
satisfies the common hypothesis. Moreover, the applicability condition of the DID model
holds. In addition, the estimated coefficients of the policy dummy variables were not
significant in the year of implementation, but only after 4 years, indicating that there is a
lag effect in the impact of the NCEDC policy on GI, and it will not be effective in the year of
policy implementation, and the GI effect of the policy will not appear until a period of time,
which is consistent with the characteristics of the long cycle of technological innovation
activities themselves.
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4.3. Robustness Test

We adopted four testing strategies to test the robustness of the previous findings:
Firstly, the placebo test. Figure 3 shows the kernel density distribution of the estimated
coefficients plotted by randomly generating experimental groups, following Feng et al. [82].
The estimated coefficients are mostly concentrated around zero, the mean value is far from
the true estimate, and the majority of the estimated coefficients are not significant, which
indicates that the random assignment of NCEDC has no statistically significant effect. The
placebo test results suggest that our estimates are unlikely to have been obtained by chance,
and thus are unlikely to have been influenced by other policy or randomness factors.
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Secondly, incorporate control variables. The existing literature underscores the sig-
nificant influence of science and technology (S&T) human resources on green innovation
outcomes. Thus, we also controlled for the variable human resources for science and
technology. Specifically, we employed the proportion of regional S&T employees as a
metric and integrated it into our estimation model. The outcomes of this estimation are
presented in column (1) of Table 3. The results show that the coefficient of the NCEDC
policy dummy variable is significantly positive at the 5% level, implying that the baseline
findings still hold.

Thirdly, excluding special year samples. Declercq et al. argued that the financial crisis
of 2008 had a large impact on regional socioeconomic development and disrupted various
resource factor flows and allocation activities [83]. Therefore, to exclude any interference
from this crisis with the results, we excluded the data for the period 2008–2009 and re-
estimated the model. Column (2) in Table 3 shows that the results are still robust after
excluding the effects of the financial crisis.

Finally, in China’s urban administrative environment, provincial and sub-provincial
cities are not at the same administrative level as general prefecture-level cities; thus, there
may be large variability in resource access and regional development capacity between
them. Considering the possible interference of these city samples on causality, we excluded
them on the basis of the full sample and then re-estimated the model; the estimation results
are shown in column (3) of Table 3. The consistency and significance of the estimated
coefficients are generally consistent with the baseline results.
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Table 3. Robustness test results.

Variables
Explained Variables: GI

(1) (2) (3)

NCEDC
5.948 ** 5.912 ** 6.948 ***
(2.353) (2.290) (2.724)

Constant
−70.386 −69.785 −60.312
(−1.412) (−1.430) (−1.160)

Control
√ √ √

Year FE
√ √ √

City FE
√ √ √

Obs. 3975 3445 3585
R-squared 0.852 0.843 0.851

Note: Standard deviations are in parentheses; ** p < 0.05, *** p < 0.01.

4.4. Mechanism Analysis

The above analyses show that the implementation of NCEDC policy can promote
regional GI to a certain extent, but through what mechanism does NCEDC policy induce GI?
To explain this question, we analysed the transmission mechanism from the perspectives of
industrial structure and R&D investment with the help of Equation (2) according to the
above research hypothesis.

In order to verify the mechanism of industrial structure (INS), we selected the ratio of
the proportion of tertiary industry and secondary industry in the region to measure the
level of industrial structure upgrading and estimated it in the mechanism model, and the
corresponding estimation results are shown in column (1) of Table 4. The results show
that the estimated coefficients of the interaction term between the NCEDC policy dummy
variable and industrial structure are significantly positive at the 5% level, indicating that the
NCEDC policy can improve the city’s GI capacity by promoting the city’s industrial struc-
ture upgrading. Empirical evidence substantiates these findings. For instance, Wuhai City
in China, one of the NCEDC policy pilots, has taken advantage of the policy opportunity to
launch a series of industrial transformation and green industry development programmes,
resulting in the adjustment of the ratio of the structure of the two and three industries from
73.4:25.7 in 2012 to 57.7:41.1 in 2017. And, the development of a large number of high-tech
and green industries has generated a huge demand for green innovations, which effectively
stimulates the green innovation activities in the region.

Table 4. Impact mechanism results.

Variables
Explained Variables: GI

(1) (2)

NCEDC
−5.072 −29.607

(−1.144) (−1.500)

INS × NCEDC
12.190 **
(2.258)

RDI × NCEDC
3.312 *
(1.711)

Constant
−72.012 −63.942
(−1.464) (−1.303)

Control
√ √

Year FE
√ √

City FE
√ √

Obs. 3975 3975
R-squared 0.852 0.852

Note: INS indicates upgrading of industrial structure; RDI indicates research and development investment;
standard deviations are in parentheses; * p < 0.1, ** p < 0.05.
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In order to verify the mechanism of innovative R&D investment (RDI), we chose the
science and technology expenditure in the regional general fiscal budget expenditure to
measure the level of R&D investment [84]. R&D investment is included as a mechanism
variable in regression model (2), and the estimation results are shown in column (2) of
Table 4. The results show that the estimated coefficient of the interaction term between
the NCEDC policy dummy variable and R&D expenditures is significantly positive at the
10% level, indicating that the NCEDC policy will promote the level of urban GI with the
help of the capital-driven effect by increasing R&D investment. Practical observations
echo the above findings. For example, in Weifang City, China, at the early stage of the
implementation of the NCEDC policy, innovation-driven development was established
as an important element in the development of the circular economy, and subsidies for
scientific and technological innovation were increased for key chemical enterprises, en-
couraging the resolution of common technological bottlenecks in the industry. This has
greatly accelerated the pace of green innovation in the region’s industrial alkali producers,
achieving breakthroughs in core key technologies for industrial alkali production and the
low-cost, resourceful utilisation of waste alkali.

5. Further Analysis: Heterogeneity Test

The above tests confirm that the NCEDC policy has an ameliorating effect on the GI
capacity of cities, but some characteristics of cities can make the GI effect of the policy
heterogeneous in different dimensions. To more deeply reveal the applicability of the
NCEDC policy and the regional nature of GI, we explored the variability of the policy effect
in terms of the geographical location and administrative level of cities.

5.1. Heterogeneity of Urban Location

China is a vast country with large regional differences and uneven and insufficient
development between regions [85]. This spatial heterogeneity may lead to differences in the
effects of NCEDC policies. To test whether such differences exist, we divided the sample of
265 cities into two parts, eastern cities and mid-western cities, according to criteria provided
by the National Bureau of Statistics of China. Each part was included in the model in turn
for estimation, and the results in columns (1) and (2) of Table 5 show that the estimated
coefficients of NCEDC are significantly positive for the eastern city sample group, but not
significant for the mid-western city sample group, indicating that the promotion effect
of the NCEDC policy on GI is more pronounced in eastern cities than in mid-western
cities. Eastern cities have the relative advantage of location, which is conducive to the
concentration of various innovation resources and elements and can provide various types
of support for maximum policy implementation, thereby guaranteeing policy effectiveness.
Conversely, mid-western regions are constrained by external innovation environments
such as innovation platforms and scientific and technological talents, and so they cannot
effectively exploit the benefits of NCEDC policy incentives and guidance for regional GI.

Table 5. Heterogeneity test.

Variables
Location Administrative Levels

(1) Eastern Cities (2) Mid-West Cities (3) High (4) Low

NCEDC
13.719 *** 1.498 −5.022 6.902 ***

(2.898) (0.587) (−0.455) (2.712)

Constant
−35.973 −105.501 * 57.923 −82.324
(−0.343) (−1.957) (0.287) (−1.639)

Control
√ √ √ √

Year FE
√ √ √ √

City FE
√ √ √ √

Obs. 1455 2520 465 3510
R-squared 0.848 0.856 0.865 0.851

Note: Robust t-statistics in parentheses; * p < 0.1, *** p < 0.01.
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5.2. Heterogeneity of Urban Administrative Levels

According to Wang and Yeh [86], urban development in China is profoundly influ-
enced by the administrative hierarchy of the cities themselves. Cities with high admin-
istrative ranks, such as provincial capitals and sub-provincial cities, are at the centre of
national development and strategic priorities for development, receiving more attention
and support from higher-level governments and enjoying more priority for development.
Therefore, differences in the NCEDC policy effects may be moderated by this factor. To
analyse the heterogeneous effects of NCEDC policies on GI at different city administrative
levels, we divided the study sample group into two groups of higher administrative levels
(including provincial capitals and sub-provincial cities) and lower administrative levels
(including general level cities) according to the national city administrative level criteria
issued by the Chinese government. The two groups were then included separately in the
model estimation, and the regression results in columns (3) and (4) of Table 5 show that
the NCEDC policy significantly contributes to the GI capacity of municipalities with lower
administrative levels, while it does not significantly improve the GI of municipalities with
higher administrative levels. Compared with cities with a lower administrative level, cities
with a higher administrative level have better initial conditions to support innovation de-
velopment, more concentrated GI resources, and stronger GI capacity, leading to a weaker
marginal effect of the NCEDC policy on the GI level in this type of city. Although GI in
cities with lower administrative levels is still in the initial stage, the NCEDC policy can
fully mobilise relevant GI resources to gather and tap into the GI potential of cities, thereby
enhancing the GI level of such cities.

6. Conclusions and Policy Implications

As a pilot policy, the NCEDC policy is designed to promote the development of a
circular economy model in China. The policy has a positive effect on leading technological
innovation transformation and upgrading urban GI while improving urban production and
lifestyle. A proper understanding of the relationship between the NCEDC policy and GI is
crucial for exploring how the economic development model affects the development of GI
in a developing country. However, evidence on the influence of NCEDC policies on GI is
still insufficient. Therefore, according to the NCEDC policy background and mechanism
analysis, we empirically examined the net effect of the NCEDC policy on urban GI using a
time-varying DID method with balanced panel data of 265 prefecture-level cities in China
from 2004 to 2018 as the research sample. The empirical results show that, the NCEDC
policy can indeed promote the improvement of urban GI capacity. However, the dynamic
test results indicated a certain lag effect in this impact relationship. Furthermore, placebo
tests, substitution of explanatory variables, exclusion of confounding policies, and use of a
shortened sample size to conduct robustness tests all showed that our baseline results were
stable and convincing. In addition, mechanism and heterogeneity analyses were conducted
to enrich the research findings. The mechanism analysis showed that NCEDC policies not
only directly improve the GI level of cities, but also have an indirect continuous positive
effect on the GI level of cities through key mechanisms such as the industrial structure
upgrading effect and the innovative R&D investment effect. The heterogeneity test revealed
that different city locations, and administrative levels alter the effect of NCEDC policies.
Compared with cities in mid-western China, and cities at higher administrative levels,
NCEDC policies have more significant policy effects on GI levels in eastern cities, and cities
at lower administrative levels.

The findings of this study have important practical implications for supporting the
construction of an urban circular economy, enhancing the strength of GI, and achieving
high-quality urban economic development in China. First, our empirical study confirms
that the NCEDC policy is effective in improving urban GI. Therefore, the government
should continue to adhere to the NCEDC policy and consider developing a reasonable
and effective policy extension plan based on a summary of past pilot experiences to apply
this policy to a larger field. At the same time, the dynamic evaluation and monitoring
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mechanism of the NCEDC policy pilot should be further improved and optimised to ensure
effective supervision and constraints on the pilot cities. On this basis, through conscious
policy design, the NCEDC policy will play the role of a “baton” to guide innovation agents
to the path of high-quality GI. Second, mechanism analysis revealed that industrial structure
upgrading and innovative R&D investment play an important bridging role in the NCEDC
policy-driven GI process. Therefore, on the one hand, the government should speed up
factor market reform, improve resource allocation efficiency, accelerate industrial structure
transformation and upgrading, and promote the flow and resetting of factor resources as
a way to force GI. On the other hand, the government should continuously increase the
intensity of R&D investment, improve the efficiency of R&D fund use, and provide financial
guarantees for GI activities. Furthermore, it should increase the introduction and cultivation
of high-level innovative talent, create a favourable environment for talent development
and innovation, stimulate the innovation potential of talent, and inject sustainable power
for regional green technological progress. Finally, the heterogeneity analysis showed that
implementation of the NCEDC policy should take full account of the differences in the levels
of different cities, adopt a governance strategy tailored to local conditions, and explore a
characteristic development model in which the circular economy is highly coupled with
the conditions of city location and administrative level. For eastern cities, on the basis of
maintaining the advantages of the established innovations, strengthen the innovation of the
demand side, fully tap into the potential of the green market, strengthen the deep coupling
of various types of GI factors, and expand the GI space. For cities in central and western
China, focus on the role of government regulation and control, use diversified policy tools,
accelerate the adjustment and upgrading of traditional industries, vigorously develop
green industries, and cultivate new growth points of demand for GI so as to ensure that
the effectiveness of the policy is fully released. For cities with high administrative levels,
they should make full use of their administrative resource advantages and focus on the
development of green industries with high value-added and high social benefits. This can
be done by increasing investment in science and GI, strengthening the training of scientific
and technological personnel, and providing more reliable technical support and innovation
power for GI. For cities with a lower administrative level, on the basis of making good use
of their existing industrial advantages and innovation resources, they can accelerate the
pace of GI by cooperating with high-level regions or international organisations, drawing
on their successful experiences and advanced technologies, and obtaining the necessary
resources and technical support.

Although the NCEDC policy has had a positive impact on urban GI, there are still sev-
eral important theoretical and practical issues to be explored in the future. First, this study
is based on the Chinese spatial field, and whether the findings are applicable to developed
countries or other developing countries remains to be investigated through subsequent
in-depth comparative studies. Second, this study only adopts the quantitative indicator
of the number of green invention patents to measure the level of GI; thus, future studies
should attempt to introduce qualitative indicators for a more comprehensive evaluation
of GI. Finally, because of the short policy implementation period and the limited sample
size, the analysis is not comprehensive; therefore, future research should follow up on the
long-term dynamic effects of the policy and further identify other ways to improve GI with
the help of theoretical mining.
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