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Abstract: As a high-quality and sustainable growth model, green development has different economic,
ecological, and social dimensions and is strategically important for the realization of modern city
construction and the sustainable development of human society. The low-carbon city pilot policy
(LCCP) is an innovative initiative for promoting green urban development and building a harmonious
society in China. Based on balanced panel data from 277 prefecture-level cities from 2007 to 2020,
this paper measures the level of urban green development in terms of three dimensions: green
economic growth, ecological welfare enhancement, and social welfare increase. This paper also
adopts a multi-period difference-in-differences (DID) method for investigating the impact of LCCP on
green development with the panel dataset. The results of the study show that: (1) LCCP is generally
beneficial to urban green development, and the results still hold after a series of robustness check
analyses. (2) The results of the mechanism analysis show that the construction of low-carbon cities
has improved the level of green technology innovation, thereby promoting the level of regional green
development. Environmental regulation has a masking effect between low-carbon city construction
and green development in this study. When environmental regulation is controlled for, the coefficient
of the effect of LCCP on green development increases, reflecting that environmental regulation also
plays an important role between the two. (3) According to the geographical location, whether it
is a resource-based city, and the city cluster, we found that the low-carbon city pilot policy has a
significant positive role in promoting green development in the central region, non-resource-based
cities, and the Jing-Jin-Ji, but not in the eastern region, the western region, the Yangtze River Delta
and Pearl River Delta. We also found that in resource-based cities, this effect presents a significant
negative relationship. The above findings enrich the literature on low-carbon city pilot policies and
green development and provide Empirical evidence for relevant countries and regions to carry out
low-carbon city pilots.

Keywords: low-carbon city pilot policy; green development; multi-period difference-in-differences
(DID); mediating effects; suppression effects

1. Introduction

A good natural resource environment is the fundamental driver of sustainable urban
development [1]. Going green is not only an inevitable choice for economic development,
social prosperity and environmental well-being but has also been a central demand of many
global policies in recent years [2]. Since China’s reform and opening up, the crude black
economic growth model has led to serious environmental pollution problems. The green
development path is not only a traction for China to move towards an ecologically civilized
society, but also an important grasp for transforming the economic growth model [3].
However, with the emergence of various environmental problems such as greenhouse gas
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emissions, increasing weather extremes, and decreasing biodiversity, the search for and
implementation of a green development path has become a very urgent issue nowadays.

Based on this, different scholars have given their answers based on different perspec-
tives, such as clarifying green development goals [4], upgrading science and technology
finance [5], promoting smart city pilots [6], and building low-carbon cities [7]. However,
as the world’s largest emitter of greenhouse gases, China has incorporated carbon reduction
into its national medium- and long-term development plans [8]. As a result, low-carbon
emission reductions will have a more significant impact on green development. To address
climate issues and accelerate economic transformation, China’s National Development and
Reform Commission (NDRC) launched a pilot low-carbon city construction program in
2010 and has been gradually promoting the program since 2012 and 2017. One of the main
objectives of the pilot project is to transform economic growth, control the greenhouse gas
emissions of urban and rural residents, improve and protect people’s livelihoods, and pro-
mote green development in the quest for a new type of urbanization [9]. In addition, green
technological innovation and environmental regulation are also fundamental drivers of
green development [10,11]. The policy tools in the pilot policy for the low-carbon cities,
such as research and development subsidies, tax incentives, and financial support, will
directly stimulate the vitality of green technology innovation in cities. Meanwhile, as an
environmental protection policy, the construction of low-carbon cities will also increase
the intensity of environmental regulations. Therefore, green technology innovation and
environmental regulation also appear to be key concepts in understanding the relationship
between low-carbon city construction and green development.

The rest of the paper is structured as follows. Section 2 introduces the related literature
review. Section 3 introduces the main background of low-carbon city construction and
proposes the assumptions of the paper. Section 4 introduces the methods and data. Section 5
indicates the temporal and spatial evolution trend of the green development level of
prefecture-level cities in China and explores the causal relationship between low-carbon
city construction and green development. Section 6 examines the level of green innovation
technology and the mechanism of environmental regulation, as well as whether there is
heterogeneity due to several factors. Section 7 provides a summary of the entire text.

2. Literature Review
2.1. Definition of the Concept of Green Development

The above raises three important questions for the study of this paper. First, what is
the scope of the concept of green development, and how does one go about evaluating
it? To begin the study of green development, a precise definition of green development is
needed. As a high-quality development model, green development places more emphasis
on decoupling resource consumption, pollution emissions, and economic growth while
taking efficiency and equity into account through rational allocation of resources, remedy-
ing factor shortcomings, and improving policy and institutional construction to ultimately
achieve the harmonious and orderly development of the economic system, social system,
natural system [12–14]. In short, the main purpose of green development is to find a
balance among the economy, ecology and society, and with the deepening of theoretical
research, some scholars have been discussing the issues of coordination [15], sustainabil-
ity [16], and social equity [17]. In the meantime, the number of studies on the impact
mechanism and efficiency assessment of green development has been increasing with
the advancement of practical exploration and pilot projects. Zhou et al. [18] used the
super efficiency EBM method to measure the level of green development of the marine
economy in 11 coastal provinces and cities in China; Li et al. [19] used the spatial Durbin
model to study the impact of the agglomeration of productive service industries on the
level of green development in the Yangtze River Economic Zone of China; Ge et al. [20]
explored the relationship between economic growth targets and green development based
on panel data from 285 prefecture-level cities in China. These studies provide support for
the construction of a green development indicator system in this paper.
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2.2. Relationship between Low-Carbon City Construction and Green Development

Second, does low-carbon city construction necessarily promote green urban devel-
opment? Most research articles on low-carbon cities focus on their role in improving
environmental quality and controlling greenhouse gas emissions [21,22]. In the case of
China, Cheng et al. [23] used the DID model to check out the role of low-carbon city con-
struction on economic green growth. Qiu et al. [24] used green total factor productivity
as a proxy for green development; the study found the positive effect of low-carbon city
construction on green development and examined the transmission mechanisms of indus-
trial structure, technological innovation, and energy consumption. Zheng et al. [25] tested
the mechanism of influence between low-carbon city construction and industrial structure.
Lan et al. [26] found that different urban functional forms play an important role in the
construction of low-carbon cities. In general, most studies support the role of low-carbon
city construction in promoting green development.

2.3. Mechanisms of Influence between Low-Carbon City Construction and Green Development

Thirdly, how can low-carbon city construction achieve green urban development?
Most studies exploring this issue have focused on the themes of economic development and
environmental protection. Du et al. [27] proposed that pilot construction can improve the
efficiency of carbon emissions and optimize the structure of carbon emissions. Wen et al. [28]
confirmed that LCCP can improve the efficiency of carbon emissions by 6.6 percentage
points. Other studies have also shown that low-carbon cities have a driving effect on
overall urban technological innovation [29,30]. In addition, the government, as a policy
maker and public opinion implementer, has played an important leading role in the
pilot’s construction [31]. As a result, many scholars have focused on the mechanisms
of environmental regulation in this context. Zhou et al. [32] found that environmental
regulations have a binding effect on energy savings and emission reduction by enterprises.
In general, although low-carbon city construction can promote green urban development
through energy saving and emission reduction, plantation, optimization of industrial
structure, and support for environmentally friendly enterprises, we note that technological
innovation and environmental regulation are still in doubt in mechanistic studies.

In technological innovation, Zhou et al. [33] found that the LCCP significantly in-
hibited urban technological innovation, and technological innovation is not necessarily
beneficial to the environment but may also increase greenhouse gas emissions, disguising
the “pollution paradise hypothesis” and ultimately hindering green development [34].
In contrast, environmentally friendly technological innovations would be more suitable for
green urban development. Green technology innovations are those that have a positive
or less negative impact on the environment and are generally related to energy conser-
vation and emission reduction, urban environmental management, and environmentally
sound waste treatment [35]. Danish et al. [36] argue that encouraging the diffusion of
environmental technologies will contribute to more stable policies. Furthermore, green
technology innovations hold more promise for achieving green development and leading
to innovation-driven economic growth models [37]. However, little literature has explored
the causal relationship between green technology innovation and both, and we still need to
confirm this mechanism through a rigorous proof process.

In terms of environmental regulation, the relationship between environmental regula-
tion and green development is not yet clear, and there are different views in the academic
community on the relationship between the two. Song et al. [38] suggest that there is
an “inverted U-shaped” relationship between environmental regulation and green eco-
nomic growth. Ye et al. [39] examined the role of environmental regulation on the green
development of the marine economy through the GMM method and found that there is
a lagged effect in the promotion of environmental regulation. In addition, Lv et al. [40]
found that environmental regulation has a negative moderating effect between financial
efficiency and green innovation. Tian et al. [41]’s empirical research on China’s environmen-
tal regulation policy found that environmental regulations hinder economic development
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and do not improve green development efficiency. Taken together, there is heterogeneity
in the mechanical effects of different types of environmental regulations, with different
impact mechanisms for directive control, encouraging public participation, and economic
incentives [42]. Thus, there is still a lack of discussion on how environmental regulation
affects both.

From the literature review, it appears that green technology innovation and environ-
mental regulation are not only part of green development efficiency but also potential tools
for low-carbon city construction to influence green development [43–45]. According to the
theory of directed technological progress, green technological innovation is a fundamental
force in promoting green productivity progress, supporting resource- and environment-
friendly industries, and developing green products [46]. At the same time, LCCP acts as a
top-down signaling system, with a strong and structured vertical link between the central
and local governments [47]. However, as to whether environmental regulation is conducive
to green development, the “innovation compensation” school of thought may argue that en-
vironmental regulation can force traditional polluters to transform, promote technological
innovation, compensate for the costs of regulation, and achieve regional green develop-
ment [48]. The “cost barrier” school of thought may argue that environmental regulation
will impose new constraints on business development, interfere with market flexibility,
and ultimately inhibit regional economic development [49]. The relationship between
environmental regulation and green development is therefore complex, and more rigorous
empirical data and empirical studies are needed to demonstrate the causal relationship
between the two.

China’s low-carbon city pilot policy (LCCP) provides a valuable opportunity to demon-
strate these relationships. In the framework of such a quasi-natural experiment, the multi-
period Difference-in-Differences (DID) model was used to examine the effects of low-
carbon city construction using data from 2007–2020 for prefecture-level cities in China.
The non-pilot cities were used as the reference group, and the pilot cities were used as the
experimental group to assess the effect of the LCCP by observing the changes in the two
groups before and after the policy treatment and to test the causal relationship between
low-carbon city construction and green development. Afterward, the validity of the core
findings was tested by the parallel trend test, PSM-DID method, deletion of special samples,
placebo test, and Bacon decomposition. On this basis, green technological innovation and
environmental regulation are used as mechanism variables, and a mediating effect model
is applied to test whether low-carbon city construction can achieve green development by
raising the level of green innovation and implementing environmental regulation tools.
Finally, considering the heterogeneity among different cities, we studied the heterogeneous
influence of different city characteristics through three aspects: geographical location, urban
agglomeration, and resource endowment.

2.4. Research Gaps and Possible Marginal Contributions

Based on the above three issues, we found that there are still research gaps in previous
studies: first, there is little literature that considers the different connotations of green
development in research, and most studies view green development more as a coordinated
relationship between economic growth and environmental protection without paying at-
tention to the social value of green development. Secondly, due to the lack of a unified
paradigm for defining green development, previous studies have mostly used a single
alternative indicator to measure it. It remains to be explored whether low-carbon city
construction still has a positive effect on more comprehensive green development. More-
over, existing literature has mostly studied specific impact mechanisms at the provincial
level, which makes it difficult to provide an exemplary experience for other cities. Thirdly,
the relationship between technological innovation and environmental regulation remains
questionable. Based on this, This paper adds to the existing research in three aspects. First,
based on the theoretical connotation of green development, this paper attempts to construct
a three-dimensional framework of economic, social, and ecological development, to pro-
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vide a more comprehensive definition of the quality and efficiency of green development,
thereby enriching the theoretical connotation and providing practical value. Secondly,
this paper uses a panel of 277 prefecture-level cities in China as a sample to anchor the
priorities and weaknesses of similar pilot policies for other cities and indeed for other
developing countries. Thirdly, this paper uses green technology innovation and directive
environmental regulation instruments as mechanism variables to explore the mechanism of
their influence on pilot policies and green development, fill the research gap, and provide a
reference for further policy improvement.

3. Mechanism Analysis
3.1. Policy Background

Since the 21st century, the concept of low-carbon cities has gradually become popular
internationally as the seriousness of the climate problem has been agreed upon. In 2003,
the UK first put forward the concept of a “low-carbon city”, which aims to achieve a
higher quality of life while reducing energy consumption and pollution. In 2005, the United
Nations’ Kyoto Protocol for the first time legally required countries to curb their greenhouse
gas emissions. In 2007, Japan introduced the concept of “low-carbon society”, which
includes ecological protection as an important indicator of social development.

Following the global wave, China’s National Development and Reform Commission
issued the Notice on the Piloting of Low-Carbon Provinces, Regions, and Low-Carbon
Cities in 2010, a document that marked the beginning of China’s low-carbon city policy.
The Notice on the Second Batch of National Piloting of Low-Carbon Provinces, Regions,
and Low-Carbon Cities, published in 2012, further advanced the piloting process, clarified
the deployment of tasks, and explored different types. In 2017, in line with China’s work
program to control greenhouse gas emissions, the Notice on the Piloting of low-carbon
Communities was published to explore a new type of urbanization path and accelerate the
construction of low-carbon communities.

The objectives of the LCCP vary by region and specific policies. In terms of China’s
national policy, the goal is to promote low-carbon economic and social development, reduce
energy consumption, and find a low-carbon, green, and sustainable development path.
Since the launch of the pilot, a total of 80 cities as well as one region are currently included.

3.2. Interrelationships between Economic-Social-Ecological Systems

As we have mentioned in the literature review, green development is a sustainable
development model featuring economy, ecology, and society, which not only requires
the coordinated development of the three but also has dimensional differences in goals.
The economic system seeks green, efficient, high-quality, and clean production methods,
with a view to eventually achieving a “decoupling” between economic growth and resource
consumption. Ecosystems emphasize reducing environmental pollution and providing
environments and services that increase human well-being. The social system seeks to
increase human welfare, change the people’s concept of production and life, reduce the
unfair distribution of income, improve and protect the people’s livelihood, and benefit the
people’s livelihood with the fruits of green development.

The coordinated symbiosis of the three systems will develop to achieve true “green
prosperity”. This coordinated symbiosis is now linked to all three and mainly includes three
aspects: first, on the basis of green economic development and social welfare increases,
if we make full use of funds and technology, continue to protect and improve the ecological
environment, and increase the ecological supply, we can realize the coordinated symbiosis
between economy, society, and ecology [50]; second, while achieving green economic
development and enhancing ecological welfare, if resources can be continuously saved,
public service input can be increased, and the concept of green social development can be
implemented, the coordination between economy, ecology, and society can be realized [51];
third, while increasing social welfare and improving ecological well-being, if we can not
only provide a high-quality living environment but also better meet people’s material and
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cultural needs, create a highland of technology and talents, so as to attract high-quality
elements to flow in, and promote the green development of regional economies, we can
realize the coordination between society, ecology and economy [52]. Economic, social, and
ecological systems interact and coordinate with each other to achieve a virtuous cycle of
development for the three and promote the substantive realization of green development.

3.3. Mechanism Analysis and Hypothesis

We construct a conceptual framework as shown in Figure 1. As mentioned earlier, we
measure green development through three dimensions: green economic growth, ecological
welfare enhancement, and social welfare increase, and focus on exploring the mechanisms
of environmental regulation and green technological innovation in between. In this section,
therefore, we formalize these hypotheses through theoretical analysis and literature research.

Figure 1. Conceptual framework.

LCCP as a pilot type of policy to actively respond to environmental problems and
climate crisis puts forward three specific requirements: one is to further harmonize the
relationship between resources and environment, economic development and improving
people’s lives, and through policy and institutional construction, to form a new pattern
of green and low-carbon development and steadily create a new situation of ecological
civilization construction [53]; the second is to establish a low-carbon industrial system char-
acterized by resource-friendly and environment-friendly industries, adjust the industrial
structure, and vigorously support green strategic emerging industries and modern service
industries; the third is to lay out the overall economic and social development, guide
residents to live a green and low-carbon life, improve and protect people’s livelihoods,
and explore a new low-carbon urbanization path [54]. To this end, the pilot cities have
formulated fiscal and monetary policies and industrial support policies that are conducive
to green urban development, which will not only help to attract high-tech, specialized
production factors, and human capital to the cities but also help to guide the construction
of low-carbon social infrastructure and improve people’s livelihoods.

At the same time, as an important environmental policy in the field of ecological
civilization, it will also encourage the adjustment of urban industrialization, the supply
of quality ecological products, the provision of green public space, etc. Its effectiveness
will be enhanced, while other cities will also approach the pilot cities in terms of policy,
technology, and industrial. Accordingly, this study proposes the following hypothesis.

Hypothesis 1 (H1). LCCP is conducive to leading the green development of cities.

The use of command-and-control environmental regulation tools has been widely used
in China, and LCCP will further emphasize the use of environmental regulation tools. Tak-
ing into account the mainstream views of the academic community, this study will explain
the mechanism of environmental regulation on green development from the perspectives
of “cost barrier” and “compensation for innovation”. From the perspective of the “cost
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barrier”, the direct impact of environmental regulation is to increase the “cost of compliance”
of enterprises in the short term and to squeeze the profit margin of enterprises in the long
term, leading to unhealthy competition [55]. In addition, controls on raw materials can also
affect the expansion of firms’ production; for example, controls on coal and oil can affect
the production and sales of downstream firms. From the perspective of “compensation for
innovation”, environmental regulation will have a positive impact on green development
by reducing carbon emissions, increasing R&D and the demand for clean energy, and thus
improving environmental quality [56]. At the same time, the regulatory approach of policy
compensation with additional incentives does not necessarily increase the burden on firms
either [57]. Thus, the mechanisms of environmental regulation on green development
may either facilitate or inhibit it, with the former exhibiting a mediating effect and the
latter a “suppression effect”. The “suppression effect” is also a phenomenon that exists in
mechanism analysis, where the direct and indirect effects have opposite signs and the total
effect is masked [58]. Accordingly, this study proposes the following two hypotheses.

Hypothesis 2a (H2a). There is a mediating effect of environmental regulation between LCCP and
green development.

Hypothesis 2b (H2b). Environmental regulation has a suppression effect between LCCP and
green development.

Although the mechanism of the role of environmental regulation between LCCP and
green development remains divergent, most of the existing literature supports the positive
effect of green technology innovation on green development. Low-carbon city construction
will encourage low-carbon technology research and development, forcing firms to shift to
environmentally friendly production methods, which in turn will promote green economic
growth [24]. From the demand side, the construction of low-carbon cities will release
demand signals for “low-carbon emission reduction solutions” to the market, which in
turn will create a huge market demand for green technology innovation by enterprises
and stimulate innovation [59]. From the supply side, the construction of low-carbon cities
will attract more high-quality talent, technology, capital, and other innovation factors
through policy incentives, improve the efficiency of green development, and accelerate
the construction of infrastructure, while market players will be more willing to invest in
technologies that go beyond traditional concepts and have certain prospects as development
costs decrease [60]. Accordingly, this study proposes the following hypothesis.

Hypothesis 3 (H3). Green technology innovation produces a positive mediating effect between
low-carbon city construction and green development.

In addition, the pilot role of low-carbon city construction is also likely to be affected by
some individual city characteristics, such as resource endowment and geographical location.
On the one hand, the economic development level of eastern China is relatively high, but the
industrial system is often mature. It is still doubtful whether the construction of low-carbon
cities fits with the local industrial advantages. Meanwhile, the eastern region also faces
serious “social problems”. Some of the “big city diseases” may also crowd out low-carbon
city construction. For example, some of China’s large cities, such as Beijing, Shanghai, and
Shenzhen, are suffering from “big cities problems” such as overcrowding, environmental
degradation, and waste of resources, forcing them into a high-energy, high-emissions mode
of industrial development, which is difficult to change while urban infrastructure has a
long life cycle, also known as “high carbon lock-in” [61].

On the other hand, the central and western regions tend to be more backward in
terms of infrastructure, but there is clear scope for industrial development and less costly
industrial restructuring and optimization, so there may be a “starting advantage” in
building low-carbon cities. Secondly, differences in resource endowments may also have
different impacts. The existence of the “resource curse” potentially hinders the green
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development of cities, while non-resource-based cities may also be able to “Overtake on a
corner” by developing high-tech industries. Based on these differences, this paper proposes
the following hypothesis:

Hypothesis 4 (H4). Different geographical locations, resource endowments, and urban clusters can
lead to heterogeneous results on the impact of low-carbon city building on urban green development.

4. Methodology and Data
4.1. Model Established
4.1.1. Multi-Period Difference-in-Differences Method

The core of the difference-in-difference (DID) method, a common method used in
empirical research to assess the effects of policies, is that it eliminates the effect of changes
in endogenous factors on the explanatory variables by differencing twice, i.e., it looks at the
change before and after the policy for individuals affected by the policy and for individuals
not affected by the policy, and the difference between the two changes is the effect of the
policy intervention on individuals [62]. Since 2010, the National Development and Reform
Commission (NDRC) of China has been launching pilot projects for low-carbon cities,
and so far, three batches of cities have been piloted. Based on this, this paper treats the
three low-carbon city pilot constructions as a quasi-natural experiment and applies the
multi-period DID method to study the impact of low-carbon city construction on urban
green development. Since some pilot cities are repeated in the three pilots, we define the
policy treatment time of the existence of a duplicate pilot city as the earliest time when
the city conducts the pilot, and if all the cities in a province are approved as low-carbon
pilot areas, the province All cities are considered for low-carbon city pilot work. The pilot
cities are considered the experimental group, while other non-low-carbon pilot cities are
regarded as the control group. In terms of sample selection, the four municipalities directly
under the central government and some regions with missing data were removed from the
paper, resulting in 118 experimental groups and 159 control groups.

Based on the above analysis, this paper constructs a multi-period double difference
model with two-way city and time-fixed effects, with the model set as follows:

Gdevelopmentit = c0 + c1LCCPit +
k

∑
2

ckXkit + µi + τt + εit, (1)

In Formula (1), Gdevelopmentit represents the green development index of the city;
LCCPit is the dummy variable responding to the pilot construction, which is the core
explanatory variable of this paper. If city i carries out low-carbon city pilot construction
in year t, then LCCPit is equal to 1, otherwise it is equal to 0; Xkit represents the control
variable sets; µi and τt represent the city fixed effects and time fixed effects, respectively; εit
represents the random disturbance terms.

4.1.2. A Mechanistic Model of the Role of Environmental Regulation and Green
Technology Innovation

As we proposed in H2a, H2b, and H3, we argue that environmental regulation and
green technology innovation are important channels through which low-carbon city con-
struction affects green development. Based on this, this paper attempts to test these
hypotheses using a mediating effects model, as follows:

Mit = a0 + a1LCCPit +
k

∑
2

akXkit + µi + τt + εit, (2)

Gdevelopmentit = b0 + b1LCCPit + b2Mit +
k

∑
3

bkXkit + µi + τt + εit, (3)
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In Formulas (2) and (3), Ginovit and ERit as mediating variables between green tech-
nology innovation and environmental regulation, respectively. The former represents the
level of green technology innovation in city i in year t, and the latter represents the strength
of environmental regulation in city i in year t. The meanings of the other variables are con-
sistent with the baseline model settings. Equation (1) estimates the total effect of low-carbon
city construction on green development c1; Equation (2) estimates the configurational effect
of low-carbon city construction on the mediating variables a1; Equation (3) estimates the
direct and indirect effects of low-carbon city construction on green development b1 and
indirect effects b2c1[63]. Given that the Sobel test requires the assumption that the key
parameters are normally distributed, it is difficult to satisfy this assumption in practice.
Based on this, this paper uses the bootstrap method to assist in testing the mechanism
effect [64]. When the confidence interval of the bootstrap method does not contain 0, it
indicates that the mechanism effect is not equal to 0.

4.2. Variables
4.2.1. Explained Variable: Green Development

The explanatory variable studied in this paper is the Green Development Indicator
(Gdevelopment).

Drawing on the work of other scholars [63,65–68], we construct a three-dimensional
evaluation framework of economy, society, and ecology and use three secondary indicators
of economic green growth (ED), ecological welfare enhancement (GD), and social welfare
increase (SD) to comprehensively evaluate the level of green development in cities. In this
paper, we construct the indicator system as shown in Table 1.

Table 1. Urban Green Development Indicator System.

Tier 1 Indicators Secondary Indicators Specific Indicator Measurements Indicator
Attributes

Economic green
growth (ED)

Economic growth rate (ED1 ) Regional GDP growth rate +
Structure of Economic Growth (ED2 ) Industrial structure +
Cost of Economic Growth (ED3 ) Energy consumption per unit of GDP −
Economic Growth Drivers (ED4 ) Intensity of financial science and technology support +

Ecological welfare
enhancement (GD)

Eco-safety (GD1 ) Environmental Pollution Index −
Ecological Construction (GD2 ) Calculated through entropy method +

Social welfare
increase (SD)

Income distribution equity achieved
(SD1 )

Calculated by Theil index −

Infrastructure Development (SD2 ) Calculated through entropy method +

Level of social security (SD3 ) Social security and employment expenditure/general
budget expenditure

+

Source: Author. Note: + Positive indicator, − Negative indicator.

The measurement of economic green growth indicators (ED) is further deconstructed
in this paper from four aspects: economic growth rate, economic growth structure, eco-
nomic growth cost, and economic growth drivers: economic growth rate is measured
by the regional GDP growth rate (ED1), which can better reflect the level of economic
development of a region [69]; the economic growth structure indicator is measured by
the industrial structure indicator (ED2), i.e., the ratio of the value-added of the tertiary
sector to the value-added of the secondary sector, taking into account the fact that economic
growth is driven more by the contribution of environmentally friendly industries [70].
An important task of green development is to promote economic growth with a high degree
of “decoupling” from energy consumption, which is measured by the energy consumption
per unit of GDP indicator (ED3), i.e., the ratio of regional gross domestic product (RMB
10,000 yuan) to regional energy consumption (million tons of standard coal) [71]. However,
due to the lack of energy data in China’s prefecture-level cities, considering the main
aspects of energy consumption, we obtained alternative energy consumption indicators
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through the conversion of electricity consumption, natural gas, and liquefied petroleum
gas in the whole society. In addition, technological innovation, the development of new
industries, and attracting green investment are also fundamental forces for green economic
development, which is measured by the fiscal support intensity (ED4), i.e., the ratio of
local government fiscal expenditure on science and technology to local government fiscal
expenditure [72].

The measurement of the ecological welfare enhancement (GD) indicator is measured
in this paper in terms of both ecological governance and ecological construction, with envi-
ronmental justice and pollution control being aspects of urban planning and development
that cannot be ignored [73]. In this paper, the environmental pollution index (GD1) is used
to measure this level, which is obtained by assigning an entropy value to three types of
pollution data: industrial wastewater emissions, industrial smoke emissions, and industrial
sulfur dioxide emissions. In addition, as an important carrier of green development, the city
should establish a high-quality sustainable development model for landscaping to meet
the diverse needs of the people and contribute to the green and high-quality development
of the city [74]. This paper is an attempt to establish a sustainable model of urban greening
in built-up areas. In this paper, ecological governance (GD2) is calculated by assigning an
entropy value to the greening coverage of built-up areas, the number of parks, and the
parking area.

This paper deconstructs the measurement of social welfare increase (SD) indicators
from three aspects: income distribution equity (SD1), infrastructure development (SD2),
and social security level (SD3).

First of all, for the calculation of income distribution equity indicators, previous
scholars mostly used the Gini coefficient indicator to measure the income distribution gap,
but this method cannot reflect the proportion of urban and rural populations; therefore,
this paper uses the Thiel index to measure this indicator; the specific formula is as follows:

tli,t =
2

∑
j=1

[ pij,t

pi,t

]
ln
[ pij,t

pi,t
/

zij,t

zi,t

]
, (4)

where tli,t represents the Thiel index, j = 1, 2 represents urban and rural areas, respectively.
zij denotes the number of people in urban (j = 1) or rural (j = 2) areas of the region i. zi
denotes the total number of people in area i, and pij denotes the total income (expressed as
the product of the corresponding population and per capita income) in urban (j = 1) or
rural (j = 2) areas of region i. pi denotes the total income in area i.

In addition, the manifestation of complex urban functions relies more on the centralized
supply of infrastructure and public services. A high-quality infrastructure system not only
helps to improve the urban and rural living environments but also provides a basic platform for
green development. The rapid urbanization process and stable policy level have a significant
impact on green development, among which the degree of improvement of public service
facilities is an extremely important influencing factor [75–77]. Therefore, considering the
three important aspects of transportation, healthcare, and education, this article includes
three sub indicators: per capita road area, number of ordinary higher education institutions,
and number of beds in hospitals and health centers in the evaluation system. Calculate the
level of infrastructure construction (SD2) through the entropy method.

Finally, social security is directly related to the well-being of the population and is a
“shock absorber” for the stable functioning of the market economy, which can effectively
improve people’s livelihoods and accelerate the transformation of their green production
and lifestyle [78]. Therefore, this paper incorporates the extent of social security into the
social welfare increase indicator system, which is measured by the share of social security
and employment expenditure in general budget expenditure.

Based on the description of the above indicators, this paper uses the entropy method
to measure the level of urban green development and processes the standardized data.
The specific steps are as follows.
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Firstly, in order to eliminate the impact of dimensionality and order of magnitude,
the positive and negative indicator data are standardized. A positive indicator indicates that
the larger the indicator value, the higher the level of urban green development. Negative
indicators indicate that the smaller the indicator value, the higher the level of urban green
development. At the same time, in order to prevent zij = 0, the standardization method for
moving the overall indicator backwards by 0.00001. The standardization method is as follows.

Positive indicator:

Z+
ij =

xij −min
(

x1j, x2j, · · · , xnj
)

max
(
x1j, x2j, · · · , xnj

)
−min

(
x1j, x2j, · · · , xnj

) + 0.00001 (5)

Negative indicator:

Z−ij =
max

(
x1j, x2j, · · · , xnj

)
− xij

max
(
x1j, x2j, · · · , xnj

)
−min

(
x1j, x2j, · · · , xnj

) + 0.00001 (6)

Among them, xij represents the data of the original secondary indicators, i represents
the city, and j represents the secondary indicators, z+ij ,z−ij represents the standardized data,
where n represents the number of samples and m represents the number of indicators.

Calculate the proportion of the ith sample to the jth indicator:

Pij =
xij

∑n
i=1 xij

· · · (7)

Calculate the entropy value of the jth indicator:

Ej = −k
n

∑
i=1

Pij ln
(

Pij
)

(8)

among them,

k = − 1
ln(n)

> 0 (9)

Calculate information entropy redundancy:

dj = 1− Ej, j = 1, 2, . . . , m (10)

Calculate the weight of each indicator:

Wj =
dj

∑m
j=1

(
dj
) (11)

Calculate Composite Index:

Wj =
dj

∑m
j=1

(
dj
)Si =

m

∑
j=1

Wjx′ij, i = 1, 2, 3 . . . , n (12)

among them, x
′
ij is the data after standardization.

Composite index Si is the sum of the weights of all indicators in a certain city multiplied by
the standardized values of the corresponding indicators in order to obtain the comprehensive
score of the green development level of each city. The comprehensive index range of urban
green development is 0–1, and the higher the score, the higher the level of urban green
development; The smaller the score, the lower the level of green development in the city.
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The indicator system and attributes selected for the entropy method are shown in
Table 1.

4.2.2. Core Explanatory Variables

The core explanatory variable in this study is the dummy policies for low-carbon city
pilot policy (LCCP), which is the cross-product of the pilot policy and the pilot time. If
city i carries out low-carbon city pilot construction in year t, then LCCPit is equal to 1,
otherwise it is equal to 0. And the coefficient is c1, which represents the degree of impact of
the pilot construction on green development, which is the main result of interest in this
paper. A positive coefficient represents a positive contribution, while a negative coefficient
represents a negative inhibitory effect.

4.2.3. Control Variables

Considering that other factors may also have a potential impact on urban green
development, cf. Beck et al. [79] study, the following control variables were selected:

(1) population density (density), measured by the number of people registered per
unit of administrative area; higher population density may inhibit green development
by increasing energy consumption and environmental pollution, but higher levels of
population density also mean more human capital, which may also provide more dynamism
for green development.

(2) Fixed asset investment ratio ( f ix), measured by the amount of completed fixed asset
investment in urban municipal utility construction as a percentage of regional GDP. Higher
levels of fixed asset investment can boost the current economy and improve people’s
livelihoods, while at the same time creating future supply capacity and providing the
driving force for future economic growth.

(3) The level of industrialization (ind), measured by the value added of the secondary
sector as a percentage of regional GDP, the environmental pollution and resource consump-
tion generated by the industrial development process remain important factors inhibiting
the increase in the level of green development.

(4) The size of local governments (gov), measured as a percentage of regional GDP,
is a measure of the general budget expenditure of local governments. The “visible hand”
can implement green development strategies more efficiently and improve the production
methods of enterprises, but the government may also neglect environmental governance
under the economic championship, squeezing market flexibility and plunging the industry
into “profit-seeking competition”.

(5) Fiscal decentralization ( f id), measured as the ratio of general local budget revenues
to general local budget expenditures, higher independent fiscal authority means higher
inclusiveness for local governments, which can more strongly support sustainable growth
and increase renewable energy consumption [80].

(6) Financial development ( f dp), measured by the loan balance of financial institu-
tions as a share of GDP, can influence the efficiency of green development, and there is
heterogeneity in financial development across zones [81].

Of these variables, we logged population density and used lndensity for subsequent
empirical manipulations.

4.2.4. Mediating Variables

To measure the level of green technology innovation in cities, this paper uses the
number of green inventions applied for in the year (Ginov1) and the number of green utility
models applied in the same year (Ginov2), and the level of green innovation in cities is
obtained by logarithmic processing, taking into account the existence of zero values and
performing the sum plus one, i.e:

Ginov = ln(Ginov1 + Ginov2 + 1), (13)
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In this study, the pilot policies are more often signaled through reports, work plans,
and approvals, and the work reports of the governments at all levels are the basis for
the demands and consensus of all sectors of society and play a decisive role in guiding
the implementation of the pilot projects. Therefore, this paper focuses on the important
mechanism of command-and-control environmental regulation in the relationship between
pilot policies and green development. Refer to the work of other scholars [82,83]. The pa-
per also constructs 27 environmental vocabularies on the importance of environmental
governance by local governments in four aspects: “environmental protection objectives”,
“environmental factors”, “environmental pollution” and “environmental protection mea-
sures”, as shown in Table 2. The ratio of the number of words appearing in the report to
the frequency of words in the reports of the prefecture-level municipal governments was
finally measured.

Table 2. Selected environmental vocabulary.

Environmental Protection Dimension Select a Word Number

Objectives Environmental protection, environmental protection, green, clean, blue
sky, green water, green hills 8

Environmental factors Ecology, air, climate 3

Environmental pollution
pollution, sulfur dioxide, chemical oxygen demand, haze, particulate
matter, carbon dioxide, energy consumption, loose coal, coal burning,
emissions, emissions theft, tailpipe

12

Measures Energy saving, emission reduction, desulphurization, denitrification 4

Source: [83].

4.3. Data Sources and Descriptive Analysis

The data on green development indicators in this study are mainly sourced from the
National Bureau of Statistics, China Statistical Yearbook, China City Statistical Yearbook,
China Energy Statistical Yearbook and China’s economic and social Big data research
platform, with some missing data being filled in by consulting the statistical yearbooks
of individual cities. Data on urban landscaping was obtained from the CSMAR database.
For the measurement of green technology innovation level indicators, patent application
data is obtained from the State Intellectual Property Office, and green patents are identi-
fied by their green patent classification numbers, which are obtained from WIPO green
patent application data. Data relating to environmental regulation is obtained from local
government work reports. In addition, some missing values in the sample are filled by
linear interpolation. The descriptive statistical analysis of all variables is shown in Table 3.

Table 3. Descriptive statistical analysis of the main variables.

Variable Mean SD Min Max N

low-carbon City Pilot Policy 0.237 0.4253 0.000 1.000 3878
City Green Development Index 0.078 0.0691 0.020 0.631 3878
Population density 424.432 325.385 4.824 2927.291 3878
Level of industrialization 0.405 0.1229 0.028 0.887 3878
Local government size 0.192 0.1296 0.043 2.349 3878
Financial decentralization 0.458 0.227 0.046 1.541 3878
Fixed asset investment ratio 0.83 2.2473 0.062 82.066 3878
Financial Development 0.928 0.6075 0.075 9.622 3878
Level of green technology innovation 4.719 1.7564 0.693 10.275 3878
Environmental regulation intensity 0.020 0.020 0.000 0.124 3878

Source:Author, produced by Stata 17.0, data sources can be found in Section 4.3. Note: Mean Average Value, SD
Standard Deviation, Min Minimum Value, Max Maximum Value, N Number of Samples.



Sustainability 2023, 15, 11609 14 of 28

5. Empirical Results and Discussion
5.1. Assessment of Green Development Level

The entropy method was used to calculate the above indicator system, and the results
are shown in Figure 2. Vertically, the level of green development in Chinese cities has
significantly improved, and it mostly spreads from the central and coastal areas to the
surrounding and inland areas. By observing changes, we can also discover that some cities
with higher green levels have shown faster growth potential in their surrounding areas.
Horizontally, the areas with high levels of green development are mainly in the central and
coastal regions, while the development in the western and eastern regions is relatively slow.

Figure 2. Spatial distribution of urban green development level in prefecture-level cities in China.
Source: Author, produced by Stata 17.0, data sources can be found in Section 4.3.

5.2. Pearson Correlation Coefficient Results

Firstly, we calculate the Pearson correlation coefficient for the main variables used in
this article and draw a correlation coefficient matrix diagram. The results are shown in
Table 4.

5.3. Benchmark Regression Results

This paper uses a multi-period DID model to test the effect of LCCP on urban green
development. Table 5 presents the baseline regression results, with heteroskedasticity
robust standard errors for all models: Column (1) shows the regression results without
the inclusion of control variables while controlling only for city fixed effects, with the
regression coefficients significant at the 1% level; column (2) indicates the regression results
controlling for both city and time two-way fixed effects without the inclusion of control
variables, with the regression coefficients still passing the significance test at the 1% level,
but the coefficients Columns (3) and (4) add the above control variables to the first two
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columns, respectively, and the regression coefficients are still significantly positive at the
1% level. Overall, the preliminary regression results demonstrate that low-carbon city pilot
construction is beneficial to urban green development, and hypothesis H1 is supported.

Table 4. Pearson correlation coefficient results between the main variables.

LCCP Gdevelopment ldensity ind gov fid fix fdp

LCCP 1
Gdevelopment 0.242 *** 1
ldensity 0.061 *** 0.355 *** 1
ind −0.125 *** −0.147 *** 0.174 *** 1
gov 0.018 *** −0.210 *** −0.420 *** −0.459 *** 1
fid 0.078 *** 0.520 *** 0.423 *** 0.385*** −0.538 *** 1
fix −0.015 *** −0.014 *** −0.063 *** −0.076 *** 0.055 *** −0.058 *** 1
fdp 0.227 *** 0.448 *** 0.019 *** −0.379 *** 0.162 *** 0.198 *** 0.025 *** 1

Note: *** represent the 1 % statistical levels. The specific meanings of variables are shown in Section 4.2. Source:
Author, produced by Stata 17.0, data sources can be found in Section 4.3.

Table 5. Benchmark regression results.

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

LCCP 0.0253 *** 0.0061 *** 0.0153 *** 0.0056 ***
(24.35 ) (6.01) (15.02) (5.77)

ldensity 0.0329 *** 0.0219 ***
(4.65) (3.71)

fix 0.0001 −0.0001 ***
(1.21) (−2.99)

ind −0.0865 *** −0.0419 ***
(−13.91) (−7.81)

gov 0.0098 * −0.0157 ***
(1.96) (−3.13)

fid −0.0044 −0.0005
(−1.18) (−0.14)

fdp 0.0089 *** 0.0023 **
(4.63) (2.37)

_cons 0.0722 *** 0.0768 *** −0.0865 ** −0.0301
(200.30) (238.47) (−2.12) (−0.88)

Time fixed effects No YES No YES
City fixed effects YES YES YES YES
Observations 3878 3878 3878 3878
R-squared 0.9472 0.9665 0.9611 0.9683
F-test 592.905 36.104 194.335 16.414

Note: *, **, and *** represent the 10 %, 5 %, and 1 % statistical levels, respectively. The specific meanings
of variables are shown in Section 4.2. Regression Equation: (1) Gdevelopmentit = c0 + c1LCCPit + +µi + εit.

(2) Gdevelopmentit = c0 + c1LCCPit + µi + τt + εit. (3) Gdevelopmentit = c0 + c1LCCPit +
k
∑
2

ckXkit + µi + εit.

(4) Gdevelopmentit = c0 + c1LCCPit +
k
∑
2

ckXkit + µi + τt + εit. Source: Author, produced by Stata 17.0, data

sources can be found in Section 4.3.

Secondly, the regression results of the control variables show that population density
plays a positive role in promoting green development in cities. The possible reason is that
higher population density will raise the level of local human capital, which in turn will
promote green development in cities. This is consistent with the reality that green develop-
ment in cities is driven more by the contribution of high-tech industries and low-carbon
environment-friendly enterprises, while high industrialization levels can create serious
ecological problems and squeeze the survival space of other industries. The estimated
coefficient of local government size shows that high local government size inhibits urban
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green development to a certain extent, suggesting that too much government intervention
leads to a loss of a certain degree of freedom in the market, with companies having to
adjust their development strategies to “fit” policy demands and lose their autonomy and
flexibility in technological innovation.

5.4. Robustness Test
5.4.1. Parallel Trend Test

The parallel trend test is a prerequisite for the significance of the regression results of
the double difference method. Therefore, to further examine the reliability of the baseline
regression results, a parallel trend test is required. The baseline period is set as the base
period of this paper’s study, i.e., 2007. The results are shown in Figure 3.

From the results of the parallel trend test, the regression coefficients for each period
before the implementation of the pilot policy were not significant, indicating that there was
no significant difference between the experimental and control groups before the pilot and
that the assumptions of the parallel trend test were met.

Figure 3. Parallel trend test. Source: Author, produced by Stata 17.0, data sources can be found in
Section 4.3.

5.4.2. PSM-DID Test

The PSM-DID method was used to re-estimate Equation (1) using a 1:1 nearest neigh-
bor with the put-back matching method, and the final score was calculated using a logit
model. After matching, the standardized deviation was less than 10%, and the regression
results of the propensity score matching followed by the DID method are shown in Table 6.
The coefficients of LCCP were 0.0254, 0.0062, 0.0146, and 0.0055, all significant at the 1%
level, which are consistent with the previous benchmark regression results. The above
results indicate the robustness of the estimated result that low-carbon city construction is
beneficial to urban green development.
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Table 6. PSM-DID regression results.

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

LCCP 0.0254 *** 0.0062 *** 0.0146 *** 0.0055 ***
(24.25) (6.05) (14.99) (5.71)

_cons 0.0723 *** 0.0769 *** −0.0870 ** −0.0318
(199.05) (236.77) (−2.12) (−0.92)

Control variables NO NO YES YES
Time fixed effects NO YES NO YES
City fixed effects YES YES YES YES
Observations 3855 3855 3855 3855
R-squared 0.9474 0.9665 0.9620 0.9684
F-test 588.082 36.645 191.592 17.034

Note: **, and *** represent the 5 %, and 1 % statistical levels, respectively. The specific meanings of variables are
shown in Section 4.2. Regression Equation: (1) Gdevelopmentit = c0 + c1LCCPit ++µi + εit. (2) Gdevelopmentit =

c0 + c1LCCPit + µi + τt + εit. (3) Gdevelopmentit = c0 + c1LCCPit +
k
∑
2

ckXkit + µi + εit. (4) Gdevelopmentit =

c0 + c1LCCPit +
k
∑
2

ckXkit + µi + τt + εit. Source: Author, produced by Stata 17.0, data sources can be found in

Section 4.3.

5.4.3. Delete Special Samples

As the data used in this paper is a panel of prefecture-level cities from 2007 to 2020,
the policy effects of some of the cities that started piloting in 2017 are often difficult to
see in the short term. Therefore, this paper excludes cities that started piloting in 2017
and re-runs the regression estimation in order to test whether the above regression results
are still robust. The regression results are shown in Table 7. It can be found that the
estimated coefficient of LCCP is still significantly positive; therefore, after removing these
particular samples, the impact of low-carbon city construction on urban green development
is consistent with the baseline regression results above, further confirming the robustness
of the core findings of this paper.

Table 7. Regression results with special samples removed.

(1) (2)
Gdevelopment Gdevelopment

LCCP 0.0075 *** 0.0067 ***
(6.31) (6.18)

_cons 0.0736 *** −0.0414
(201.93) (−1.10)

Control variables NO YES
Time fixed effects YES YES
City fixed effects YES YES
Observations 3463 3463
R-squared 0.9653 0.9680
F-test 39.806 15.334

Note: *** represent the 1 % statistical levels. The specific meanings of variables are shown in Section 4.2. Regression

Equation: (1) Gdevelopmentit = c0 + c1LCCPit + µi + τt + εit. (2) Gdevelopmentit = c0 + c1LCCPit +
k
∑
2

ckXkit +

µi + τt + εit. Source: Author, produced by Stata 17.0, data sources can be found in Section 4.3.

5.4.4. Placebo Test

In order to exclude the interference of other policy or randomness factors, a placebo
test is required. The core idea of the placebo test is to estimate by fictitious treatment
groups or fictitious policy treatment times, and if the coefficient estimates associated
with the core explanatory variable LCCP remain significant under different fictitious
approaches, the results of the original baseline regression may have some bias, i.e., they may
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be influenced by other policy or randomness factors. If it is not significant, then the original
results remain robust, and low-carbon city construction is indeed conducive to leading
urban green development. This paper performs a placebo test by means of a fictitious
treatment group, storing the estimated coefficients, standard errors, and p-values from
500 regression estimates, grouping cities according to their grouping, with one randomly
selected year in each group, and finally obtaining its distribution graph. This paper finally
presents the distribution plot of the estimated regression coefficients, as shown in Figure 4.
The distribution of the coefficients shows that the randomly sampled coefficients are
normally distributed with a mean of zero. 500 regressions have coefficient values that all lie
to the left of the baseline regression true estimate of 0.0056. This indicates that our estimates
are unlikely to have been obtained by chance and are therefore unlikely to have been
influenced by other policy or randomness factors, suggesting that low-carbon city building
is indeed conducive to leading green development, in line with the previous findings.

Figure 4. Placebo test. Source: Author, produced by Stata 17.0, data sources can be found in
Section 4.3.

5.4.5. Bacon Breakdown

Since the method used in this paper is a multi-period double difference method,
Goodman-Bacon [84] suggests that some treatment groups may become control groups at
some point in time due to the inconsistency of the time nodes with the onset of policy shocks,
thus leading to the estimated coefficients of the final treatment effects being underestimated.
This paper employs a Baconian decomposition to diagnose this bias. The results of the
Bacon decomposition are reported in Table 8 and Figure 5.

In Table 8, 86.5% of the variation in the LCCP estimates comes from the treated and
untreated groups, with the time group (including post-treatment vs. first and first vs.
second) having a smaller impact with only 13.4% of the weighting, and the bad control
group, post-treatment vs. first, having only 6.4% of the weighting, having a minimal impact
on the bias in the LCCP estimates. The results in Figure 5 also show that the time group
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is mostly around the 0 point and the total estimates and black line are not shifted much,
which makes it more intuitive that the LCCP estimates are not biased much.

Table 8. Bacon decomposition results.

Total DID Estimate 0.006

Category Weighting Average DID Estimate

Process first vs. process later 0.070 0.001
Post-processing vs. 0.064 −0.004
Handled vs. Never Handled 0.865 0.007

Source: Author, produced by Stata 17.0, data sources can be found in Section 4.3.

Figure 5. Bacon decomposition. Source: Author, produced by Stata 17.0, data sources can be found
in Section 4.3.

6. Mechanism Testing and Heterogeneity Analysis
6.1. Mechanism Testing Results

In order to further test the role of green technology innovation and environmental
regulation as mechanisms linking low-carbon cities and green development, this paper
is tested through a mediating effects model. The specific regression results are shown in
Table 9.

Columns (1) and (2) indicate that the implementation of LCCP will significantly
contribute to the level of green technology innovation and hence green development at the
5% level, and hypothesis H3 is supported;

Columns (3) and (4) indicate that the implementation of the LCCP increases the
intensity of urban command environmental regulation at the 1% level, and the effect of
environmental regulation on green development also passes the significance test at the



Sustainability 2023, 15, 11609 20 of 28

1% level. This suggests that environmental regulation does not have a mediating effect
between the two but rather a ’suppression effect’.

To further test whether these two effects exist, this paper conducts an auxiliary test
using the Bootstrap method. In the auxiliary test for green technology innovation, the 95%
confidence interval after bias correction is (0.0120, 0.0159), and the confidence interval
interval does not contain 0 and is significant at the 1% level, indicating that green tech-
nology innovation does exist as a mediator in low-carbon city construction and green
development effects.

Table 9. Mechanism test results

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

Ginov Gdevelopment ER Gdevelopment

LCCP 0.0604 ** 0.0054 *** 0.0058 *** 0.0062 ***
(1.99) (5.69) (9.77) (6.31)

Ginov 0.0022 ***
(5.73)

ER −0.1095 ***
(−4.50)

ldensity 0.1614 0.0215 *** −0.0015 0.0217 ***
(1.62) (3.70) (−0.67) (3.73)

fix 0.0006 −0.0001 *** 0.0001 −0.0001 ***
(0.35) (−3.10) (1.60) (−2.62)

ind 1.0332 *** −0.0442 *** 0.0080 ** −0.0410 ***
(4.94) (−8.08) (2.54) (−7.69)

gov −0.8391 *** −0.0139 *** −0.0009 −0.0158 ***
(−2.70) (−2.89) (−0.41) (−3.16)

fid 0.0403 −0.0006 0.0038 * −0.0001
(0.31) (−0.17) (1.86) (−0.02)

fdp −0.0129 0.0024 ** 0.0009 * 0.0024 **
(-0.41) (2.42) (1.69) (2.42)

_cons 3.5103 *** −0.0379 0.0219 −0.0277
(5.90) (−1.13) (1.64) (−0.82)

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

Observations 3878 3878 3878 3878
R-squared 0.9387 0.9685 0.8181 0.9684
F-test 10.098 16.602 16.215 16.233

Note: *, **, and *** represent the 10 %, 5 %, and 1 % tatistical levels, respectively. The specific meanings of

variables are shown in Section 4.2. Regression Equation: (1) Ginovit = a0 + a1LCCPit +
k
∑
2

akXkit + µi + τt + εit .

(2) Gdevelopmentit = b0 + b1LCCPit + b2Ginovit +
k
∑
3

bkXkit + µi + τt + εit. (3) ERit = a0 + a1LCCPit +
k
∑
2

akXkit +

µi + τt + εit . (4) Gdevelopmentit = b0 + b1LCCPit + b2ERit +
k
∑
3

bkXkit + µi + τt + εit. Source: Author, produced

by Stata 17.0, data sources can be found in Section 4.3.

The 95% confidence interval after bias correction in the auxiliary test for environ-
mental regulation is (0.0002, 0.0018), with a confidence interval that does not contain 0
and is significant at the 1% level, indicating that there is indeed a suppression effect of
environmental regulation in the construction and green development of low-carbon cities.

In previous studies, scholars have tended to focus on the mediating effect but have
neglected the existence of suppression and confounding effects in addition to the mediating
effect. Mackinnon et al. [58] argue that suppression effects increase the total effect between
the independent and dependent variables, i.e., the influence of the independent variable on
the dependent variable becomes greater after controlling for suppression effects. In this
study, the total effect of low-carbon city construction on green development is 0.0056,



Sustainability 2023, 15, 11609 21 of 28

which is the result of being “masked” by environmental regulation. This also reflects the
important role played by environmental regulation in both cases.

6.2. Heterogeneity Analysis
6.2.1. Heterogeneity Analysis of Different Geographical Locations

China is a vast country with different cities developing different development char-
acteristics, and the impact of LCCP may vary by location. To explore this heterogeneous
variation due to geographical location, we further divided the sample cities into three
groups—eastern, central and western—and conducted group regressions using cluster
standard errors. The regression results are shown in the first three columns of Table 10.

These results suggest that the effect of low-carbon city building is more significant
in cities in the central and western regions, but not in the eastern. Thus, we test part of
hypothesis H4 that geographical location plays an important role in the effect of low-carbon
city construction on green development.

Table 10. Heterogeneity analysis of cities with different geographical locations and resource endowments.

East Central Western Resource-Based
Cities

Non-Resource-
Based Cities

Gdevelopment Gdevelopment Gdevelopment Gdevelopment Gdevelopment

LCCP 0.0014 0.0057 *** 0.0065 *** −0.0038 *** 0.0079 ***
(0.84) (3.02) (3.94) (−2.94) (2.99)

_cons −0.1753 0.0333 0.0048 0.0099 −0.0264
(−1.23) (1.53) (0.13) (0.33) (−0.29)

Control variables YES YES YES YES YES
Time fixed effects YES YES YES YES YES
City fixed effects YES YES YES YES YES

N 1330 1386 1162 1554 2324
R-squared 0.9622 0.9798 0.9626 0.9206 0.9706
F-test 3.577 3.934 6.953 7.173 4.648

Note: *** represent the 1 % statistical levels. The specific meanings of variables are shown in Section 4.2. Source:
Author, produced by Stata 17.0, data sources can be found in Section 4.3.

The regression results in the first three columns of Table 10 show that in the central
region and western region, the effect of low-carbon city pilot construction on urban green
development is still significantly positive at the 1% level, achieving a better effect, but in the
eastern region, the estimated coefficients, although positive, are not significant and do not
show a better effect. On the one hand, the level of green development studied in this paper
maps out the different development characteristics of cities under the three-dimensional
framework of economy, ecology, and society. On the other hand, the eastern region, as a
region with a higher level of economic development, has more opportunities for economic
transformation but also often faces more serious “social problems” and bottlenecks in
resource constraints, leading to bottlenecks in the promotion of low-carbon city pilots for
urban green development.

6.2.2. Heterogeneity Analysis of Different Resource Endowments

Considering the different development patterns of industries among cities and that some
cities lead urban development through resource-dependent industries, this paper further
grouped the sample of 277 prefecture-level cities into two groups, resource-based cities and
non-resource-based cities, according to NDRC [2013] No. 45, and conducted group regressions,
with the regression results shown in the last two columns of Table 10. The effect of low-carbon
city pilot construction on promoting green development in non-resource-based cities was
significantly positive and passed the significance test at the 1% level.
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The negative impact on resource-based cities is probably due to the fact that resource-
based cities have gradually formed an industrial development system dominated by natural
resources, emitting a number of greenhouse gases, lacking innovation drive, and insufficient
construction of environment-friendly and resource-friendly industries; the construction of
low-carbon cities based on the concept of “low-carbon” will have a certain hindering effect
on the green development of cities. The low-carbon city construction based on the concept
of “low-carbon” will have a certain hindering effect on the green development of the city.
Hypothesis H4 is supported.

6.2.3. Analysis of the Heterogeneity of Different Urban Agglomerations

Finally, this paper selects three major urban agglomerations, namely Beijing-Tianjin-
Hebei, the Yangtze River Delta, or the Pearl River Delta, according to the classification
criteria of major urban agglomerations in China’s national policy documents, and then
analyzes the heterogeneous impact of low-carbon city construction on the green devel-
opment of the three major urban agglomerations. The regression results are shown in
Table 11 which shows that the impact of low-carbon city construction on the green de-
velopment of the PRD and Yangtze River Delta urban agglomerations is not significant.
For the Beijing-Tianjin-Hebei city cluster, the impact of low-carbon city construction on
green development is also significantly positive, with an estimated coefficient of 0.0253,
and passes the significance test at the 1% level. Overall, the impact of low-carbon city
construction on green development is most prominent in the Beijing-Tianjin-Hebei urban
agglomeration, while the impact on the Pearl River Delta and Yangtze River Delta urban
agglomerations is insignificant.

Table 11. Analysis of heterogeneity of different urban agglomerations.

Beijing, Tianjin and Hebei Yangtze River Delta Pearl River Delta

Gdevelopment Gdevelopment Gdevelopment

LCCP 0.0253 *** 0.0040 0.0114
(4.82) (1.54) (0.55)

_cons −0.1631 −0.1334 −0.7853 **
(−1.10) (−1.29) (−2.94)

Control variables YES YES YES
Time fixed effects YES YES YES
City fixed effects YES YES YES

N 154 364 182
R-squared 0.9725 0.9775 0.5855

Note: **, and *** represent the 5 %, and 1 % statistical levels, respectively. The specific meanings of variables are
shown in Section 4.2. Source: Author, produced by Stata 17.0, data sources can be found in Section 4.3.

7. Conclusions and Implications

Low-carbon cities are new urban development models that integrate green and low-
carbon production methods, harmonious coexistence between people and nature, modern
social security and public services, and are directly linked to green development. As we have
shown earlier, existing studies have explored the impact of low-carbon city construction and
green development under the theoretical linkage between the two and have focused on the
institutional role of technological innovation and environmental regulation. However, it sees
green development more as an indicator of both economic and ecological aspects, and the role of
technological innovation and environmental regulation between the two remains questionable
in our view. To address these issues, this paper treats green development as a concept of
development with intertwined economic, ecological, andsocial aspects. Based on the collection
of data on the pilot construction of low-carbon cities in 277 prefecture-level cities across China
from 2007 to 2020, this paper empirically examines the impact of the construction of low-
carbon cities on urban green development through a multi-temporal double-difference model.
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The paper also examines the role of green technology innovation and directive environmental
regulation through mechanism analysis. The main findings and implications of this paper
are fourfold.

Firstly, low-carbon city building can significantly contribute to green development,
a finding that still holds after parallel trend tests, removal of special samples, PSM-DID tests,
placebo tests, and Bacon decomposition diagnostics. Past studies have provided a large
number of research bases for the relationship between low-carbon urban construction and
green development, such as that low-carbon urban construction can significantly reduce
CO2 concentration [22], favor green economic development [23], and accelerate the change
in residents’ green living concepts [54]. Some scholars have also supported this relationship
based on the perspective of industries, such as the digital industry [7], productive service
aggregation industry [85], and financial technology industry [86]. compared with using a
single indicator or a single field to cover green development indicators, or focusing on a
particular industry to study the relationship. The findings of this paper further support
the relationship from an urban perspective based on the more complex connotation of
green development. In this sense, we recommend continuing to promote the construction
of low-carbon cities, drawing on the experience and focusing on the potential of low-
carbon city construction for green economic growth, improving the ecological environment,
safeguarding the livelihoods of residents, and promoting social equity. Economically, it
is important to encourage the emergence of environment-friendly and resource-friendly
industries, and for local governments to abandon the “GDP cult” and develop special
policies to support them, thereby developing new models of low-carbon and green eco-
nomic growth. Ecologically, we need to promote urban landscaping, provide more green
public spaces and control environmental pollution and greenhouse gas emissions caused
by industry. Socially, we should continue to guide the construction of beautiful villages
and new urbanization, increase the accessibility and availability of resources per capita,
and improve and protect people’s livelihoods.

Secondly, the results of the mechanism analysis suggest that low-carbon city construc-
tion can promote green urban development by stimulating green technological innovation
in enterprises. While most of the previous studies, as mentioned above, have focused on the
role of technological innovation in the relationship between the two and have given both
“facilitating” [87] and “inhibiting” [33,34] answers, this paper further clarifies the mecha-
nism of the impact between the two through the mediating variable of green technological
innovation. However, although low-carbon city construction can increase the intensity of
environmental regulation, it inhibits urban green development, creating a ’suppression
effect’, and the total effect of low-carbon city construction on green development is effec-
tively amplified after controlling for the variable of environmental regulation. This finding
supports the “cost barrier” school of thought, which argues that excessive environmental
regulation hinders green development [40,41]. The existence of the suppression effect often
leads to different results in the relationship between variables, so the suppression effect
cannot be ignored in the process of exploring the mediating effect, and these findings are
worth exploring in depth. Based on these findings, we suggest that the construction of
low-carbon cities should be complemented by green technological innovation, appropriate
environmental regulation policies, and a reduction in the level of intervention in enterprises
in order to further exploit the leading role of pilot policies in green development.

Finally, the effect of low-carbon city construction on green development is heteroge-
neous depending on geographical location, resource endowment and different urban clusters.
The policy effect of low-carbon city construction is more obvious in central, non-resource-based
cities and the Beijing-Tianjin-Hebei urban agglomeration, indicating that regions with more
favorable geographical location and transportation conditions, as well as some space for in-
dustrial transformation and development, will have more advantages in building low-carbon
cities for urban green development. In addition, the urban development model that relies
on resource elements will inhibit the effect of low-carbon city construction on urban green
development, and eventually it will be difficult to generate the desired response. Therefore,
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considering the heterogeneity among cities, low-carbon cities should implement differentiated
policy arrangements and different target orientations, and further promote low-carbon cities in
central regions and non-resource-based cities, taking advantage of human capital, technology
and industry, management mechanisms, etc., focusing on non-conventional challenges, taking
on the “tough battles”, gnawing on the “hard bones”, and guiding green development into
the lives of residents, community governance, and industrial construction. The western region
should make full use of the pilot experiences of other cities to improve infrastructure condi-
tions and guide green investment. For example, cities in western China with lower levels of
infrastructure should first lay out their urban development plans in advance, support envi-
ronmentally friendly enterprises, and use low-carbon city construction policies to implement
catch-up. While the eastern region should focus on the complementary advantages of mature
industrial systems, economic development models, and low-carbon city construction.

Although this paper examines the relationship between low-carbon city construction
and green development through the DID method, there is still room for further devel-
opment. On the one hand, the samples studied in this paper are from prefecture-level
cities in China. Vertically, we have not considered provincial and county-level samples,
and horizontally, this paper on low-carbon city construction and green development in
other countries and regions is not deep enough. On the other hand, despite having sizable
time series data for the long cross section in this paper, there is still room for further explo-
ration in the use of methods. Therefore, future research can be extended to other countries
and regions to conduct multi-scale comparative studies on the same study area and use
dynamic panel analysis to establish long-term relationships between indicators.
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