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Abstract: Studying the implementation benefits of low-carbon city pilot policies in fostering green,
high-quality development is critical for China’s carbon peaking and neutrality targets. This research
examines the effect of urban low-carbon governance on green, high-quality development using a
multi-temporal DID model and panel data from 281 prefecture-level cities in China from 2007 to
2020. The findings are as follows: (1) low-carbon city pilot policy can considerably enhance green
high-quality development in pilot cities; (2) mechanism tests reveal that fintech and urban innovation
moderate the role of power support and wisdom empowerment in the successful promotion of low-
carbon cities to achieve green high-quality development in pilot areas; (3) the policy effect becomes
more significant as fintech and urban innovation cross the threshold value; (4) heterogeneity analysis
shows that low-carbon city pilot policy is more conducive to green high-quality development in
eastern regions, financially developed cities, and non-resource-based cities. The conclusions drawn
from this paper offer valuable guidance for China’s adoption of appropriate environmental policy
designs aimed at attaining high-quality green development.
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1. Introduction

With the acceleration of global urbanization, cities have become a major source of
energy consumption and pollution, putting immense strain on sustainable development
and human well-being. In light of the severe challenges posed by climate change to
all humanity, high-quality green city development has not only become an important
strategy for environmental protection and resource utilization but also a critical initiative to
promote global sustainable development and improve human life quality. As the world’s
greatest energy consumer and carbon emitter, China is under intense pressure to achieve
energy conservation, emission reduction, and sustainable development. According to the
International Energy Agency’s (IEA) Carbon Emissions Report 2023, worldwide energy-
related carbon dioxide emissions increased by 1.1% in 2023, adding 410 million tons to a new
high of 37.4 billion metric tons. Among them, China’s carbon dioxide emissions increased
by 4.7%, for a total of 565 million tons, the world’s greatest increase, and the continued
economic growth of China’s high carbon emissions following the pandemic. China’s carbon
emissions account for one-third of the global total, and its per capita emissions are currently
15% greater than those in industrialized nations. China’s solution to the carbon emissions
problem is imminent, and it cannot be postponed.

In order to actively respond to climate change and promote high-quality green devel-
opment around the world, China explicitly proposed in 2020 the goal of carbon peaking by
2030 and carbon neutrality by 2060, as well as incorporating low-carbon development into
the national medium- and long-term development plans. Since 2010, the low-carbon city
pilot strategy has been implemented in three batches of 81 cities as an innovative approach
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to facilitate China’s low-carbon transition and green development [1]. The low-carbon city
pilot policy is critical for promoting low-carbon transformation and green, high-quality de-
velopment in cities to achieve the dual-carbon goal. It encourages cities with varying levels
of development, resource endowments, and industrial structures to explore low-carbon
development paths based on their local conditions [2]. Assessing the policy benefits of
pilot low-carbon city policies on green, high-quality development in cities is critical for
developing countries seeking to explore sustainable development pathways.

With the progressive development and implementation of the low-carbon city pilot
policy, numerous studies have conducted in-depth research on the policy’s implementation
consequences in three areas: environmental effects, economic effects, and social effects.
In terms of environmental effects, the low-carbon city pilot policy, as an environmental
regulatory policy, can significantly reduce carbon dioxide emissions [3-7] and improve
carbon emission efficiency by strengthening environmental control and establishing a
regulatory mechanism for carbon emissions [8-10]. Li et al. (2022) [11] demonstrated that
the pilot low-carbon city policy can significantly improve the quality of the atmospheric
environment by measuring the provincial atmospheric environmental performance. The
remaining studies demonstrate that low-carbon city pilot policies can reduce air pollutant
emissions [12] and combat haze [13]. Low-carbon city pilot policy can also encourage firms
to innovate and upgrade green technologies by lowering carbon emissions [14-16], as well
as promoting industrial structural upgrading [17] and energy efficiency [18].

In terms of economic effects, low-carbon city pilot policies can help pilot cities develop
economies of scale, thereby increasing overall green output, green total factor productivity,
and urban green innovation [19]. Low-carbon city pilot policy also eases the financing
constraints of enterprises, improves the efficiency of resource allocation, reduces the nega-
tive impact of capital mismatch on the output of enterprises, and increases the total factor
productivity of enterprises [20,21]. Energy-saving and emission reduction initiatives and
institutional arrangements promoted by pilot city construction can also improve the reallo-
cation efficiency and scale efficiency of urban factors of production, promoting urban green
economic growth [22,23] and high-quality development [24]. In addition, the pilot policy’s
requirement for green technological innovation stimulates enterprises’ demand for skilled
personnel and increases social employment [25].

In terms of social effects, the implementation of a low-carbon city pilot policy can
improve the urban ecological infrastructure system, provide urban residents with green
public products, and significantly improve the urban green living standard [26,27]. The
low-carbon transition of pilot cities will also trigger new green consumption demand,
promote the emergence and development of low-carbon industries, and accelerate the
energy transition [28].

Existing research has undertaken important studies and produced numerous results
on low-carbon city pilot plans from a variety of angles, but there are still certain gaps and
challenges. As the digital economy grows, financial technology and urban innovation
will play an increasingly vital role in fostering sustainable and high-quality urban growth.
The existing literature primarily examines the impact of low-carbon city pilot policies on
economic variables such as environmental pollution control, industrial structure upgrading,
and green technology innovation, with insufficient research on how financial technology
and urban innovation influence the relationship between low-carbon city pilot policies and
green high-quality development.

Based on panel data from 281 prefecture-level cities in China from 2007 to 2020, this
study uses a multi-temporal DID model to assess the implementation effect of low-carbon
city pilot policies. The empirical findings demonstrate that low-carbon city pilot policies
can considerably enhance green, high-quality development in pilot cities. Mechanism
tests show that fintech and urban innovation play a moderating role of power support
and wisdom empowerment in the process of successfully promoting low-carbon cities
to realize green, high-quality development in pilot areas, and the policy effect becomes
more significant as fintech and urban innovation exceed the threshold value. Heterogeneity
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analysis shows that low-carbon city pilot policies are more conducive to green, high-quality
development in eastern regions, financially developed cities, and non-resource-based cities.

The marginal contributions of this paper mainly include the following two aspects:
First, this study analyzes in depth the impacts and transmission paths of low-carbon city pi-
lot policy on regional green high-quality development, with the goal of providing references
for further expanding the pilot’s scope and strengthening the theoretical framework of low-
carbon city pilot construction. This study broadens the boundaries of existing research on
low-carbon city pilot policy by introducing two key variables, fintech and urban innovation,
and provides new ideas for countries around the world to begin assessing the effectiveness
of low-carbon city pilot policy implementation and promoting high-quality development
transformation. Second, this study examines the non-linear impact of low-carbon city pilot
policies on regional green, high-quality development. Using fintech and urban innovation
as threshold variables, this work expands our understanding of the nonlinear aspects of
policy effects and offers new views and methodologies for future policy evaluation and
research into the complicated interaction between policy and development.

The remainder of the study is organized as follows: Section 2 provides the policy
background and research hypothesis for this report. Section 3 describes the paper’s research
design, which includes model setting, variable definitions, and data sources. Section 4
presents empirical findings on low-carbon city pilot policies and high-quality green de-
velopment. Section 5 includes further analysis of the study, such as the moderating effect
test, the threshold effect test, and the heterogeneity analysis. Section 6 includes research
conclusions and policy recommendations.

2. Policy Background and Research Hypothesis
2.1. Policy Background

To address the serious challenges posed by global climate change in China, the State
Council proposed China’s 2020 action target for reducing greenhouse gas emissions in
November 2009, and various regions have responded positively and taken actions to
implement the central government’s decision-making and deployment. The National
Development and Reform Commission decided in 2010 that the first batch of pilot projects
would take place in five provinces (Guangdong, Liaoning, Hubei, Shaanxi, and Yunnan),
as well as eight cities (Tianjin, Chongqing, Shenzhen, Xiamen, Hangzhou, Nanchang,
Guiyang, and Baoding). The second and third batches of pilot work were completed in
2012 and 2017, respectively, to gradually broaden the scope of the pilot program. The
selection of pilot cities includes cities at various stages of development, with varying
resource endowments and industrial structures, and includes both municipalities directly
under the central government and county-level administrative districts, with the goal of
exploring green and low-carbon city development paths appropriate for China’s national
conditions as well as carrying out low-carbon city construction in accordance with local
conditions.

Since the implementation of low-carbon city pilot policies, pilot cities have succes-
sively introduced relevant policies and regulations, focusing on four aspects of pilot work:
promoting the development of low-carbon industries and green technologies; establish-
ing a greenhouse gas emissions management system and a target accountability system;
promoting green and low-carbon lifestyles and consumption patterns; and strengthening
green tech research. These initiatives have had a positive impact on optimizing urban
resource allocation, improving energy efficiency, reducing carbon emissions, promoting
green technological innovation, and upgrading industrial structures. They have also be-
come an important force in promoting decarbonization and green economic growth in
the pilot areas to achieve high-quality green development. Although low-carbon pilots
have been conducted for many years and studied by a large number of scholars, with the
implementation of the “dual-carbon” strategy in 2020, carbon peaking and carbon neu-
trality have become systematic, strategic, and global endeavors, and the pilots” objectives
and pathways have changed from those of the past. As a result, from a fresh perspective,
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research on the relationship between low-carbon city pilot policies and green, high-quality
development remains highly practical.

2.2. Research Hypothesis

Pilot cities have developed low-carbon development models, pathways, and policy
frameworks that are more in line with practical operations and local characteristics, based
on their own industrial structure and economic development level, resulting in green,
high-quality development in the pilot areas. To begin, a low-carbon city pilot policy, as a
comprehensive environmental regulatory policy, can promote a win-win situation for the
environment and the economy through the initial cost effect and the subsequent compensa-
tion effect, as well as promote technological innovation and improve industrial efficiency
to some extent. Environmental regulations also raise the burden of environmental costs
in enterprise production [29], forcing incumbent enterprises to improve their production
and operation methods, increasing the efficiency of enterprise innovation, and improving
environmental quality in the region [30]. Secondly, low-carbon city pilot policy promotes
the development of green industries by adjusting the structure of energy production and
consumption, enhancing the innovation capacity of green technologies [31], expanding the
market demand for green products and services, fostering new points of economic growth,
and enhancing the competitiveness of the city’s economy so as to attract talents, capital, and
technologies and promote the upgrading and transformation of the economic structure [32].
Furthermore, the implementation of a low-carbon city pilot policy will increase public
awareness and participation in low-carbon and green concepts, as well as generate new
green consumption demand, incentivizing businesses to develop in a green direction and
promoting the emergence and development of low-carbon industries [33]. Based on the
analysis presented above, this paper presents the following hypothesis:

H1: Low-carbon city pilot policy can promote green, high-quality development of cities.

The merging of the financial industry with new technologies such as big data, artificial
intelligence, blockchain, and cloud computing has created a new type of fintech [34] that
is transforming financial services [35]. Fintech emerged as a result of the confluence of
multiple technologies, which were fueled by technical advancements [36-38]. Fintech
applications have enormous prospects for the banking sector [39]. Fintech can contribute to
low-carbon development by facilitating green financial services such as investment and
loans [40—42]. According to Xu & Xu (2022) [43], higher loan interest rates generate lower
carbon emissions, whereas increased credit availability generates higher carbon emissions.
Furthermore, fintech increases eco-efficiency by making the transition to renewable energy
consumption easier [44], which helps to realize energy transition and green growth [45,46].

With the rapid expansion of fintech in China, it is critical to achieving low-carbon
emission reductions and high-quality development [47,48]. First, capital financing is
more efficient in cities with advanced fintech. Pilot towns can use fintech tools like big
data analysis and artificial intelligence to assess the risks and rewards of low-carbon
projects faster and more correctly, as well as provide firms with more convenient financial
support [49]. Efficient finance not only speeds the execution of low-carbon projects, but
it also lowers the cost of financing for businesses [50], promoting the high-quality green
growth of cities through low-carbon city pilot programs. Second, cities with advanced
fintech can improve information efficiency and reduce data barriers. The adoption of
advanced technologies, such as big data, in the financial sector by pilot cities can reduce the
information asymmetry between financial institutions and economic entities [51]. This helps
city managers to more accurately grasp the direction and focus of low-carbon development
and optimize resource allocation [52], thus promoting green, high-quality development in
cities. Furthermore, cities with advanced fintech are better suited to promote innovation.
Driven by the low-carbon city pilot strategy, cities with advanced fintech can attract more
innovative resources and drive company innovation. These innovations can stimulate
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the research, development, and use of green technology [53], giving new momentum for
high-quality green urban development. Based on the study presented above, this paper
presents the following hypotheses:

H2: Fintech reinforces the positive relationship between low-carbon city pilot policies and green,
high-quality development.

Innovation is viewed as the primary driving force for low-carbon development. Cities,
as the spatial carriers of the innovation system, have now become the hubs for information,
knowledge, technology, and other innovation resources [54]. Innovation has the potential
to transform new energy production and consumption technologies, create new sectors,
business forms, and operating modes [55], and enhance energy efficiency [56]. Innova-
tion can raise worker skill levels, reduce production energy, and accelerate the spread of
energy-saving technical breakthroughs and transaction costs [57]. Innovation will also
fuel the development and implementation of green technology, thereby promoting green
and low-carbon development [58]. Second, innovation is the most powerful force for
fostering improvement in industrial structures. Innovation promotes the continuous elimi-
nation of high-energy-consuming industries, accelerates the development of low-carbon
modern service industries, high-tech industries, and advanced manufacturing industries,
and encourages the development of industries with high value-added, low energy con-
sumption, and environmental friendliness [59,60]. Furthermore, innovation promotes the
change of energy structure from fossil to green energy [61], as well as achieving the aim of
decarbonization [62].

A vast number of studies have revealed that innovation is a source of power for urban
development as well as a key driving force for lowering pollution and achieving high-
quality green development [63-65]. Cities with stronger innovation capacities have better
research capabilities and more adequate funding. With the help of low-carbon city pilot
policies, these cities can develop and implement green technologies more quickly, reduce
carbon emissions [66,67], effectively promote urban green development and industrial
upgrading, and achieve a win-win situation for economic growth and environmental
protection. Furthermore, cities with stronger innovation capacities typically have greater
knowledge spillover effects [68] and talent pooling capabilities. These cities are capable of
attracting and cultivating a significant number of inventive talents and research institutes,
increasing talent concentration [69], and establishing innovation ecosystems and networks.
Driven by low-carbon city pilot regulations, these talents and institutions may provide
intellectual support for green city development while also encouraging the quick promotion
and application of creative achievements. Based on the study presented above, this paper
presents the following hypotheses:

H3: Urban innovation reinforces the positive relationship between low-carbon city pilot policies
and green, high-quality development.

3. Research Design and Data
3.1. Econometric Model

The DID model treats pilot policy implementation as an independent variable, limiting
the interaction between the independent and dependent variables while also avoiding
the endogenous problems common in panel regressions. Because the sample grouping of
pilot cities is independent of individual heterogeneity, the DID model may account for the
influence of unobservable individual heterogeneity on the dependent variable, yielding
the real policy effect of the pilot policy. Regressing the city panel data makes it easier to
establish whether the policy had a statistically significant impact.

Given that China’s low-carbon city pilot policy was implemented in three batches, this
article employs a multi-temporal DID model to better assess the disparities in green, high-
quality development between pilot and non-pilot cities before and after the policies were
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implemented. The multi-temporal DID model is an extended version of the differential
treatment and control group approach, which is commonly used to examine the effects
of policies or interventions on treatment groups when they are implemented at different
points in time for different groups or regions. The model uses regression analysis to
evaluate the effects of policy elements based on changes in the differential treatment and
control populations. The fundamental notion is to assume that the difference between the
treatment and control groups is constant prior to the policy intervention, that is, that the
treatment group is not considerably changed. The multi-temporal DID paradigm offers
greater flexibility than the classic DID model. It enables policy to be implemented gradually
at different times in time and in diverse groups, allowing the multi-temporal DID model
to better reflect the complexity of the real world. The multi-temporal DID model is also
commonly employed in a variety of research areas, particularly policy evaluation, social
science research, and economic analysis. The measuring model is shown as follows:

gtfp; = ao + aqdidy + AControly + 1 + p + €4 (1)

In Formula (1), subscript i and t are used to represent city and year, respectively. gtfp;,
is the explained variable, did;; is the core explanatory variable, and B, is the coefficient that
this paper focuses on. If the coefficient is significantly greater than 0, it indicates that the
pilot policy of low-carbon cities can promote green, high-quality development of cities.
Control;; is the selected series of control variables, #; is the city fixed effect, y; is the time
fixed effect, and ¢;; is the random disturbance term.

Furthermore, to investigate whether fintech and urban innovation may play a mod-
erating role in the effective promotion of low-carbon cities to achieve green, high-quality
development in pilot areas, Formula (1) is expanded as follows:

Stfpy = Bo + Brdidy + oM + Badid X M + AControly + ;i + pe + €t ()

In Formula (2), Mj; is the moderating variable, which is fintech and urbon innovation
(Ininnovation), respectively, did x M;; is the interaction term, and B3 is the coefficient that is
the focus of the moderating effect test. If it is significantly greater than 0, it indicates that
fintech and urban innovation can play a moderating role.

3.2. Variable Definition
3.2.1. Explained Variable

Urban green total factor productivity (gtfp). Green total factor productivity (TFP) is
considered an inaccurate index to measure the combination of economic performance and
ecological environment, so this paper uses green total factor productivity (TFP) to measure
the level of high-quality green development in cities. In this paper, the SBM-GML index
was used to measure GTFP [70]. The capital stock, total labor force, built-up area, and
energy consumption of each prefecture-level city are used as input variables, while Gross
Regional Product (GRP) is the desired output, and SO, emissions, wastewater emissions,
and soot emissions are the non-desired outputs.

3.2.2. Explanatory Variable

Low Carbon City Pilot (did). According to the relevant policy documents issued by
the National Development and Reform Commission, when a city is a low-carbon pilot city
and has implemented a low-carbon pilot policy in that year, the did is 1, otherwise it is 0.

3.2.3. Moderating Variable

Financial technology (fintech) and urban innovation (Ininnovation). In this paper, we
match 48 keywords of “financial technology” with cities at prefecture level and above,
construct search terms such as “Beijing + blockchain”, crawl Baidu News advanced search
results, and then construct a prefecture-level city financial technology index [71]. In this
paper, we valued the invention-authorized patents from the State Intellectual Property
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Oftfice (SIPO) and then summed up the value of each patent at the city level to get the city
innovation index of prefecture-level cities.

3.2.4. Control Variable

(1) Urbanization level (urb) is measured by the proportion of total non-agricultural
population in total urban population at the end of the year. (2) Industrial structure (ind)
is measured by the ratio of the city’s secondary industry to the gross regional product.
(3) Government intervention (gov) is measured by the proportion of general government
expenditure to GDP. (4) The degree of openness to the outside world (open) is measured by
the proportion of total import and export trade to the gross regional product. (5) Economic
level (Inpgdp) is measured as the logarithm of gross regional product per capita. (6) Foreign
direct investment (Infdi) is measured as the logarithm of the amount of foreign investment
actually used by each city.

3.3. Samples and Data

Because the low-carbon pilot region spans three levels: province, prefecture-level city,
and county-level city, there is some overlap between the various batches. The majority of
current studies have identified all cities in the province as pilot cities and set the policy
implementation timing for the earliest batch. However, due to significant differences in
economic development levels and resource endowment among different cities within the
pilot provinces, the implementation time and effectiveness of low-carbon policies vary by
prefecture, and statistical data for some pilot cities is missing. This study only covers pilot
cities at the prefecture level or higher in the pilot list, does not include all cities within the
pilot provinces in the scope of pilot cities, and eliminates cities with significant missing
data difficulties. Finally, this paper selects 281 cities at the prefecture level or higher in
China as research objects, 68 low-carbon pilot cities in three batches as the experimental
group, and the remaining 213 cities as the control group, and uses statistical data from 2007
to 2020 for the study.

The statistics in this study are mostly derived from the China Statistical Yearbook,
the China Urban Statistical Yearbook, the China Energy Statistical Yearbook, statistical
yearbooks for provinces and prefectural-level cities, and statistical bulletins on national
economic and social development. Table 1 displays descriptive statistics for the variables
in this paper.

Table 1. Descriptive statistics.

Variables Maximum Minimum Mean Standard Deviation  Observation

gtfp 1.655 0.488 1.002 0.0465 3934
did 1 0 0.115 0.319 3934
fintech 7.128 0 2.468 1.685 3934
Ininnovation 7.777 0 1.420 1.338 3934
urb 1 0.115 0.524 0.161 3934
ind 0.910 0.107 0.470 0.109 3934
gov 0.238 0.0188 0.0732 0.0281 3934
open 3.382 0.0002 0.193 0.323 3934
Inpgdp 13.06 4.595 10.51 0.684 3934
Infdi 15.60 0 9.800 2.026 3934

4. Analysis of Empirical Results
4.1. Empirical Results of Baseline Regression

Given that the administrative division of cities may have a greater impact on the
implementation of low-carbon city pilot policies, this paper divides the sample into two
parts: a full sample and a sample with municipalities excluded for regression. Table 2
displays the benchmark regression results for low-carbon city pilot policies promoting
green, high-quality development. Columns (1) and (2) show the regression findings for the
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entire sample, whereas columns (3) and (4) show the regression results for the sample that
excludes municipalities.

Table 2. Empirical results of baseline regression.

Dep. Var.: gtfp

Variable Full Non-Full
1) 2) 3) (€Y
did 0.0090 *** 0.0082 *** 0.0077 ** 0.0075 **
(0.0031) (0.0031) (0.0031) (0.0032)
urb 0.0028 0.0132
(0.0137) (0.0122)
ind —0.0306 ** —0.0288 **
(0.0145) (0.0138)
gov —0.1318 * —0.0556
(0.0681) (0.0414)
open —0.0135 ** —0.0054
(0.0064) (0.0037)
Inpgdp 0.0042 0.0027
(0.0046) (0.0045)
Infdi 0.0002 0.0001
(0.0006) (0.0006)
Constant 0.9887 *** 0.9706 *** 0.9883 *** 0.9735 ***
(0.0018) (0.0398) (0.0018) (0.0392)
Controls NO YES NO YES
City FE YES YES YES YES
Year FE YES YES YES YES
Observation 3934 3934 3878 3878
R? 0.1284 0.1304 0.1438 0.1437

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels. FE refers to the fixed effect.

According to the regression results, the coefficient of low-carbon city pilot (did) is
significantly positive in both the full sample and the sample excluding municipalities,
indicating that low-carbon city pilot policies can significantly promote green, high-quality
development in the city and that the policies” expected effects are effectively realized.
The regression coefficient of low-carbon city pilot (did) in column (2) is 0.0082, and it is
significantly positive at the 1% significance level, implying that low-carbon city pilot policy
can promote green high-quality development in the city by promoting energy savings and
emission reduction, green technological innovation and industrial structure upgrading,
and improving social participation and awareness. In terms of administrative regions,
the regression coefficient is significantly positive at the 5% significance level when the
sample of municipalities directly under the central government is excluded, indicating
that the promotion effect of low-carbon city pilot policy is extensive, which is conducive
to promoting the green high-quality development of ordinary prefecture-level cities and,
to a certain extent, can narrow the green economy gap between regions and promote the
synergistic development of the green economy, which can in turn promote China’s urban
low-carbon transformation and high-quality development. H1 is verified.

4.2. Robust Test
4.2.1. Parallel Trend Test

The DID model must pass the parallel trend test before it can be used for research. The
change trends of the green, high-quality development level of low-carbon pilot cities and
non-pilot cities before policy implementation should be parallel. This paper establishes the
model as follows:

6 6
Stfpy = IBOthl r_tpre;,; = thl rypost;, + AControly + i + py + &4 3)
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Figure 1 depicts the results of the parallel trend test; this paper uses the year of
implementation of low-carbon city pilot policies as the base period (current). The figure
shows that the coefficient estimates of the periods preceding the implementation of low-
carbon city pilot policies are not statistically significant, indicating that the research sample
passes the parallel trend test. Furthermore, after implementing the rules, the coefficient
values are positive and more significant in the 2nd, 4th, 5th, and 6th periods, indicating
that the low-carbon city pilot policy has a major beneficial impact on the city’s green,
high-quality development.

0.04 0.06
1 1

coefficient
0.02
1

-

-0.02

T T T T T T T T T T T T T
pre6 pres pre4 pre3 pre2 prel current postl post2 post3  postd postS posté
Relative time of policy implementation

Figure 1. Results of parallel trend test.

4.2.2. Placebo Test

To rule out the impact of endogeneity and urban heterogeneity of policy shocks on the
study’s conclusions, this publication conducts placebo tests 500 and 1000 times. Figure 2
depicts the results of the placebo test, with the dashed line on the right side representing
the coefficient estimates of the policy implementation variables in the baseline regression
(Table 2), the horizontal and vertical coordinates of the dots representing the coefficients
of the policy dummy variables in the case of a randomized combination, and the curve
representing the kernel density distribution. As shown in Figure 2, the p-values of the
random samples are generally greater than 0.1, and the coefficient estimates obtained using
the random samples are generally smaller than the coefficient estimates obtained in the
benchmark regressions, indicating that the conclusions drawn in this paper are robust.
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Figure 2. Placebo test.
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4.2.3. Endogenous Processing

A number of endogenous issues arise when investigating the influence of low-carbon
city pilot policies on green, high-quality development, which may impede an accurate
assessment of policy effects. The first is the conflation of policy impacts with time effects.
The impact of low-carbon city pilot policies on the green, high-quality development of pilot
cities may be due to the “policy effect” generated by the policy itself as well as the “time
effect” caused by other factors in the city’s economic development process or development
inertia. The distinction between the two is often difficult to describe accurately, which
can lead to an incorrect assessment of policy outcomes. Second, the selection of low-
carbon city pilots is not arbitrary. Whether or not the region implements a low-carbon
pilot policy is determined more by characteristics such as geographic location, economic
development, and industrial structure, with some sample selectivity and self-selection
bias. Third, consider the potential impact of regional culture and environmental themes.
Regional culture, green concepts, traditional values, and other unobservable variables in
each pilot city may have an impact on the pilot cities” values and behavioral orientations
when implementing low-carbon pilot policies, affecting the cities’ level of green, high-
quality development. Fourth, there are disparities in how policy is implemented and
realized. Even within the same policy framework, there may be differences in the process
of policy implementation and realization in different cities, such as a lack of constraints
and scientificity in policy objectives, a mismatch of powers and responsibilities among the
main bodies of policy implementation, overly broad policy content, and a lack of specific
financial guarantees. These variances may result in discrepancies in policy effects between
cities, reducing the accuracy of policy impact assessments.

To address the endogeneity concerns raised above, this article employs the period-by-
period PSM-DID technique to more properly estimate the impact of pilot low-carbon city
policies on high-quality green development. The period-by-period PSM-DID applies the
PSM-DID methodology to multi-period panel data, allowing the policy to be implemented
for different cities at different moments in time. For each period of policy implementation,
PSM matching and DID analysis are carried out individually. The DID estimates for each
period are then integrated to produce a full assessment of the policy’s effects throughout
time. The balanced test results are obtained using caliper nearest-neighbor matching (1:2),
as reported in Tables 3 and 4, and the kernel density plot of the propensity score values is
displayed in Figure 3.

When the results of the logit balance test in different years before and after matching
are compared, it can be seen that the coefficient values of the majority of covariates in
each year after matching decrease and become insignificant, while the pseudo R? of all
regressions decreases significantly, indicating to some extent that there is no systematic
bias in the matching variables of the two groups in different years and that the balance test
is satisfied. When the kernel density plots before and after matching are compared, it is
discovered that the deviation of the kernel density curves of the processing and control
groups before matching is relatively large, whereas the kernel density curves of the two
groups after matching are relatively close to each other, indicating that the matching effect
is effective. As a result, the PSM balance test results presented in this study are consistent
with the double difference model’s common trend assumption premise and can be verified
using DID.

This research conducts a PSM-DID model test using the calliper closest neighbor
matching, kernel matching, and radius matching methods to ensure the robustness of its
conclusions, and the results are provided in Table 5. According to the results, it can be seen
that the coefficients of the three matching methods are all significant at the 5% significance
level when using samples that satisfy the common support assumption, and the magnitude
of the regression coefficient values is not much different from the coefficient value of the
benchmark regression, indicating that the regression results are relatively robust, further
affirming the conclusion that low-carbon city pilot policy can significantly contribute to the
city’s green, high-quality development.
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Table 3. Year-by-year balance test results—before matching.

Covariate (1 2) ®) @ (5 6) 7)
2007 2008 2009 2010 2011 2012 2013
urb 1.491 0.977 3.134 ** 3.169 ** 2.733 ** 3.242 ** 3.183 **
(1.120) (0.674) (2.184) (2.325) (2.121) (2.298) (1.992)
ind —3.172* —3.113* —1.530 —2.718 —1.910 —2.286 —1.750
(—1.651) (—1.722) (—0.874) (—1.552) (—1.090) (—1.316) (—1.070)
gov 33.262 ** 22.554 ** 38.899 *** 29.152 *** 31.502 *** 25.242 *** 21.227 ***
(2.227) (2.238) (4.495) (4.115) (4.744) (4.228) (3.918)
open —0.477 —0.473 —0.579 —0.486 —0.410 —0.428 —0.579
(—1.434) (—1.304) (—1.179) (—1.064) (—0.848) (—0.861) (—1.083)
Inpgdp 0.392 0.596 —0.450 0.303 0.332 0.489 0.359
(0.814) (1.160) (—0.984) (0.583) (0.640) (0.927) (0.827)
Infdi 0.281 ** 0.288 ** 0.319 ** 0.112 0.105 0.092 0.180
(2.322) (2.067) (2.355) (0.855) (0.789) (0.678) (1.496)
Observation 281 281 281 281 281 281 281
Pseudo R? 0.2012 0.1789 0.2084 0.1954 0.2039 0.1946 0.1907
Covariate ® ©) (10) (11) (12) (13) (14)
2014 2015 2016 2017 2018 2019 2020
urb 3.019* 4.108 ** 4.148 ** 3.897 ** 5.232 *** 4.646 ** 4212 **
(1.929) (2.279) (2.270) (2.060) (2.758) (2.321) (2.292)
ind —0.745 —0.979 —0.463 —0.842 —1.451 —2.546 —2.873
(—0.441) (—0.536) (—0.235) (—0.428) (—0.751) (—1.429) (—1.525)
gov 26.427 *** 27.903 *** 32.822 *** 35.010 *** 28.053 *** 21.268 *** 22.980 ***
(4.491) (4.972) (4.766) (4.303) (4.051) (2.593) (2.703)
open —0.525 —0.721 —1.129 —1.184 —1.390 * —1.225*% —0.813
(—0.922) (—1.030) (—1.438) (—1.529) (—1.840) (—1.760) (—1.276)
Inpgdp 0.483 0.427 0.459 0.280 0.363 0.551 0.854
(0.912) (0.759) (0.775) (0.514) (0.633) (0.892) (1.264)
Infdi 0.184 0.101 0.104 0.253 ** 0.199 * 0.238 ** 0.143
(1.504) (0.782) (0.877) (2.427) (1.949) (2.333) (1.590)
Observation 281 281 281 281 281 281 281
Pseudo R? 0.2067 0.2285 0.2387 0.2475 0.2412 0.2199 0.2111
Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels.
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Figure 3. Kernel density plot of propensity score values.
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Table 4. Year-by-year balance test results—match.
Covariate (w 2) ) ) () (6) 7
2007 2008 2009 2010 2011 2012 2013
urb 0.854 —0.729 0.834 0.033 0.428 —1.477 —0.214
(0.515) (—0.482) (0.490) (0.018) (0.257) (—0.801) (—0.112)
ind —1.215 —1.426 —0.040 —0.895 —0.585 —0.644 0.436
(—0.472) (—0.591) (—0.015) (—0.396) (—0.271) (—0.271) (0.174)
gov 22.380 * 11.784 0.137 0.591 4.901 3.369 10.576
(1.947) (1.077) (0.013) (0.055) (0.511) (0.419) (1.288)
open —0.545 —0.484 —0.110 —0.162 —0.578 0.378 —0.439
(—1.206) (—1.076) (—0.191) (—0.260) (—0.923) (0.453) (—0.650)
Inpgdp —0.261 0.474 0.043 0.254 0.134 0.359 0.264
(—0.433) (0.743) (0.078) (0.420) (0.223) (0.544) (0.486)
Infdi —0.024 0.032 0.109 —0.010 0.126 0.015 0.098
(—0.152) (0.219) (0.716) (—0.067) (0.803) (0.097) (0.625)
Observation 110 120 117 125 124 121 127
Pseudo R? 0.0399 0.0178 0.0154 0.0021 0.0138 0.0089 0.0239
Covariate ®) ©) (10) (1) (12) (13) (14)
2014 2015 2016 2017 2018 2019 2020
urb 0.700 0.117 0.648 1.341 —0.561 0.061 1.173
(0.370) (0.052) (0.306) (0.465) (—0.261) (0.028) (0.526)
ind 1.396 1.195 1.872 —0.943 1.878 0.562 —0.468
(0.630) (0.499) (0.776) (—0.389) (0.769) (0.249) (—0.193)
gov 5.999 7.625 18.495 * 1.228 19.240 * 12.342 8.343
(0.753) (1.011) (1.780) (0.113) (1.791) (1.269) (0.804)
open —0.068 —0.108 —0.644 —0.210 —1.097 0.209 —0.012
(—0.094) (—0.124) (—0.748) (—0.181) (—1.032) (0.226) (—0.018)
Inpgdp —0.293 0.296 —0.048 0.015 0.367 —0.232 0.174
(—0.521) (0.445) (—0.076) (0.021) (0.538) (—0.346) (0.214)
Infdi 0.106 0.004 0.017 0.086 0.042 0.049 0.019
(0.784) (0.025) (0.135) (0.775) (0.378) (0.437) (0.170)
Observation 121 116 110 116 124 121 123
Pseudo R? 0.0120 0.0156 0.0301 0.0110 0.0374 0.0157 0.0158

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels.

Table 5. Regression results of PSM-DID model.

Nearest Neighbor Matching Kernel Matching Radius Matching
Variable
1 2 (3)
did 0.0093 ** 0.0094 ** 0.0073 **
(0.0040) (0.0040) (0.0036)
Constant 0.9733 *** 0.9734 *** 0.9757 ***
(0.0412) (0.0411) (0.0483)
Controls YES YES YES
City FE YES YES YES
Year FE YES YES YES
Observation 3661 3664 3059
R? 0.1410 0.1415 0.1375

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels. FE refers to the fixed effect.

4.2.4. Robustness Test

The research also performs a number of other robustness tests to support its central
conclusion that low-carbon city pilot policies can foster high-quality green growth in
cities. First, additional policy disruptions are ruled out. It is important to note that the
Environmental Protection Tax Law, which was passed at the 25th meeting of the Standing
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Committee of the National People’s Congress in December 2016 and formally implemented
in 2018, is a tax on environmental protection rather than an environmental tax. To avoid the
interference caused by the implementation of this policy in this paper’s measurement of the
relationship between low-carbon city pilot policy and green high-quality development, this
paper excludes sample data after 2018, and the regression results are shown in column (1)
of Table 6. Second, update the low-carbon city pilot policy. Given that the initial batch
of pilots contains more provinces and the chosen cities have greater economic levels, the
representation is not strong. As a result, this paper eliminates the samples of eight cities
from the first batch and retains only the pilot cities from the second and third batches to
reset the low-carbon city pilot policy. The regression findings are displayed in column (2)
of Table 6. Third, the impact of the 2008 financial crisis is disregarded. Because the 2008
financial crisis had complicated and variable effects on China’s economy, this research
excludes the 2008 sample data, and the regression results are reported in column (3) of
Table 6. Fourth, the interference of the 2020 epidemic is omitted; the 2020 pandemic had a
substantial impact on China’s economic and social development, so this paper eliminates
the sample data from 2020, and the regression results are displayed in column (4) of Table 6.

Table 6. Robustness test regression results.

Variable @) 2) 3) @
did 0.0072 ** 0.0087 *** 0.0082 ** 0.0070 **
(0.0035) (0.0033) (0.0033) (0.0032)
Constant 0.9949 *** 0.9675 *** 0.9748 *** 0.9377 ***
(0.0562) (0.0407) (0.0401) (0.0497)
Controls YES YES YES YES
City FE YES YES YES YES
Year FE YES YES YES YES
Observation 3091 3822 3653 3653
R? 0.1830 0.1350 0.1337 0.1406

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels. FE refers to the fixed effect.

According to the regression results, the regression coefficients for low-carbon city pilot
policy (DID) under all four models are considerably positive at the 5% significance level,
which leads to a very solid main conclusion of this paper.

5. Results of Further Analysis
5.1. Moderating Effects Test

To test whether fintech and urban innovation play a moderating role in the process of
low-carbon city pilot policies to promote green, high-quality development, this paper first
centered on fintech and urban innovation and then constructed the interaction term (did
x M) by multiplying them with low-carbon city pilots (did), respectively. This technique
helps to alleviate the multicollinearity problem while also making the interaction term
more economically significant. Table 7 displays the findings of the moderating effect
test, with columns (1) and (2) representing the regression results when the moderating
variable M is fintech and columns (3) and (4) representing the regression results when the
moderating variable M is urban innovation (Ininnovation). The moderating effect is seen in
Figure 4, where the horizontal axis represents the low-carbon city pilot and the vertical axis
represents green high-quality development (gtfp).
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Table 7. Moderating effect test regression results.
Fintech Lninnovation
Variable
(W) 2) 3) @)
did 0.0077 ** —0.0048 0.0072 ** —0.0055
(0.0030) (0.0050) (0.0031) (0.0038)
M 0.0026 * 0.0020 0.0029 —0.0004
(0.0013) (0.0014) (0.0018) (0.0017)
did x M 0.0075 *** 0.0092 ***
(0.0028) (0.0021)
Constant 0.9716 *** 0.9593 *** 0.9678 *** 0.9538 ***
(0.0397) (0.0388) (0.0399) (0.0387)
Controls YES YES YES YES
City FE YES YES YES YES
Year FE YES YES YES YES
Observation 3934 3934 3934 3934
R? 0.1311 0.1349 0.1306 0.1363

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)

levels. FE refers to the fixed effect.
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Figure 4. The moderating effect of fintech and urban innovation.

The moderating effect regression (column (2)) shows a significant positive coefficient
for the interaction term between low-carbon city pilots and fintech (did x M). This suggests
that fintech has a positive moderating effect on low-carbon city pilot policies to promote
high-quality and green city development. As shown in Figure 4, the slope of the low-carbon
city pilot policy on green high-quality development is significantly greater in high-fintech
cities than in low-fintech cities. Cities with advanced fintech can not only improve the effi-
ciency of financing low-carbon projects but also reduce the information asymmetry between
financial institutions and economic entities, allowing city managers to better understand
the direction of low-carbon development, reduce carbon emissions [72,73], and optimize
resource allocation. Furthermore, cities with advanced fintech are more innovative [74],
driving green technological advances [75] and sustainable development [76], resulting
in low-carbon cities where policies are more likely to promote high-quality green urban
development. H2 is verified.

The moderating effect regression results in column (4) show that the coefficient of
the interaction term between low-carbon city pilot and urban innovation (did x M) is
significantly positive, which indicates that urban innovation can play a significant positive
moderating effect in the process of low-carbon city pilot policy to promote green, high-
quality development in cities. Figure 4 shows that the slope of the low-carbon city pilot
policy on green high-quality development is significantly greater in high urban innovation
cities than in low urban innovation cities. Cities with stronger innovation capacity tend
to have stronger research strengths and a higher concentration of talent [77,78]. With the
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support of low-carbon city pilot policies, it is more likely to promote the green, high-quality
development of cities. H3 is verified.

5.2. Threshold Effect Test

Due to technological, financial, and social cognitive limitations, the impact of low-
carbon city pilot policies on supporting high-quality green development may be limited
from the outset. It may even temporarily stifle green development due to hefty transition
costs. As technology advances and cash accumulates, the impacts of the policy gradually
become apparent, and the function of promotion grows. However, as the transition pro-
gresses, the remaining challenges and costs may steadily increase, reducing the marginal
effect of the policy. Furthermore, different bottlenecks may arise during the transformation
process, such as technological and institutional barriers, limiting the realization of policy
impacts. As a result, the relationship between low-carbon city pilot policies and green,
high-quality development is a dynamic process with nonlinear properties. The moderating
effect test reveals that fintech and urban innovation have an impact on the promotion of
low-carbon city pilot policies for high-quality urban green development. We use fintech and
urban innovation as threshold variables to investigate the potential nonlinear relationship
between low-carbon city pilot policies and green, high-quality development.

In this paper, we use Hansen’s bootstrap method to test the single, double, and triple
thresholds for fintech and urban innovation, respectively, and sample 300 times to obtain
the statistic F-value and the corresponding p-value. The results of the threshold effect
test are presented in Table 8. According to the test results, the Fstatistics of fintech and
innovation are significant only at the level of 10%, so it can be concluded that there is only a
single threshold effect in both of them. Figure 5 shows the LR plots of the relevant threshold
estimations with 95% confidence intervals. The LR statistic’s lowest point corresponds to
the genuine threshold value, while the dashed line shows the critical value of 7.35. The
figure shows that the threshold values of fintech and urban innovation are significantly
lower than the critical value, indicating that the threshold values are true and valid. We
obtain the threshold value of fintech as 5.2095 and the threshold value of urban innovation
as 4.0970.

Table 8. Threshold effect test results.

Threshold Threshold F Threshold Threshold [95% Conf.
Variable Number 10% 5% 1% Value Interval]

Single 20.89 0.0000 8.9093 11.2192 14.0291 5.2149 (5.0716, 5.2470)
fintech Double 0.30 1.0000 11.7182  21.0568  38.6329 5.3083 (5.2730, 5.3566)
Triple 297 0.7933 14.2560 22.1862 42.6999 3.8286 (3.8067, 3.8502)
Single 32.94 0.0033 10.3132 13.9262 29.0498 4.0970 (4.0221, 4.1418)
Ininnovation Double 2.09 0.9333 10.8666  13.3107  25.6635 0.1271 (0.1244, 0.1300)
Triple 1.88 0.9267 25.3457  33.7254 73.0688 4.3630 (4.3180, 4.4313)

According to the above threshold test results, there is only a single threshold for both
fintech and urban innovation, which leads to the design of a single panel threshold model
as follows:

Stfpy = Bo + Bididy x I(My < 0) + Bodidy x I(My > 0) + AControly + i + py + i (4)

In Formula (4), I( ) is the indicative function, Mj; is the threshold variable, namely
fintech and Ininnovation, 6 is the threshold value, #; is the city fixed effect, y; is the time
fixed effect, ¢j; is the random disturbance term, 1 indicates that when the threshold
variable is lower than the threshold value, the regression coefficient of low-carbon city
pilot policy on green high-quality development, 3 is the regression coefficient when the
threshold variable is higher than the threshold value. The results of threshold regression
are shown in Table 9.
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Figure 5. Single threshold estimate LR diagram.
Table 9. Threshold regression result.
Variable (1) fintech Variable (2) Ininnovation
did x I(fintech < 5.2095) 0.0029 did x I(Ininnovation < 4.0970) —0.0002
(0.0036) (0.0037)
did x I(fintech > 5.2095) 0.0266 *** did x I(Ininnovation > 4.0970) 0.0325 ***
(0.0054) (0.0055)
Constant 0.9554 *** Constant 0.9548 ***
(0.0431) (0.0430)
Observation 3934 Observation 3934
R2 0.0680 R? 0.0709

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels.

When fintech is the threshold variable, it can be seen that low-carbon city pilot policies
have different effects on green, high-quality development when fintech is at different levels.
When fintech is low (fintech < 5.2095), the regression coefficient is modest and insignificant,
showing that low-carbon city pilot policy is weak or ineffective in promoting green high-
quality development. When fintech exceeds the threshold (fintech > 5.2095), the regression
coefficient is significantly larger than the coefficient at the lower level and significantly
positive at the 1% level, indicating that fintech must surpass the higher threshold in order
to significantly promote green high-quality development. Only when fintech reaches
a certain threshold can the pilot cities make use of the support provided by fintech in
terms of financing channels, data analysis, financial innovation, and risk management to
raise funds for green projects, improve green identification capabilities, more efficiently
assess and manage the environmental and climate risks of green projects, achieve energy
conservation and emission reductions [79] and economic growth, and promote high-quality
green development.

When urban innovation is the threshold variable, before it crosses the threshold
(Ininnovation < 4.0970), the regression coefficient at this time is negative and insignificant,
indicating that low-carbon city pilot policy at this time is difficult to promote green, high-
quality development or even there may be inhibition. When urban innovation crosses
the threshold (Ininnovation > 4.0970), the regression coefficient is significantly positive
at the 1% level, indicating that urban innovation needs to cross a higher threshold to
significantly promote green high-quality development. The reason for this is that stronger
urban innovation capacity means that local governments place a higher value on and
support green innovation [69] and are better able to provide advanced technologies to
pilot areas, which can reduce natural resource constraints in the production process and
reduce reliance on human resources through technological innovations, promoting green
development [80,81].
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5.3. Heterogeneity Analysis
5.3.1. Heterogeneity Analysis: Geographic Position

Because there are significant differences in economic strength, demographic structure,
and industrial structure across the city, this paper is divided into three sub-samples based
on geographical location in the eastern, central, and western regions to conduct the hetero-
geneity test. The results are presented in Table 10, columns (1), (2), and (3). The low-carbon
city pilot policy fosters green, high-quality development, notably in the eastern region and
not in the center or western regions.

Table 10. Heterogeneity test regression results.

Dep. Var.: gtfp
Variable 1) (2) 3) 4) (5) (6) (7)
Eastern Central Western De.veloped Und.eveloped Resource Non-
Finance Finance Resource
did 0.0157 *** —0.0004 0.0037 —0.0000 0.0155 ** 0.0096 ** 0.0031
(0.0055) (0.0040) (0.0040) (0.0027) (0.0064) (0.0039) (0.0038)
Constant 0.9370 *** 0.8935 *** 0.9248 *** 0.9546 *** 0.8291 *** 0.9647 *** 0.9584 ***
(0.1124) (0.0577) (0.0500) (0.0333) (0.2287) (0.0814) (0.0395)
Controls YES YES YES YES YES YES YES
City FE YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES
Observation 1400 1400 1134 3234 700 2380 1554
R? 0.1397 0.1789 0.0878 0.1489 0.1318 0.1257 0.1423

Notes: Numbers in () are robust standard errors. Asterisks are significant at the 10% (*), 5% (**), and 1% (***)
levels. FE refers to the fixed effect.

The main reasons behind this are as follows: First, the eastern area is more econom-
ically developed than the central and western regions, with greater technological and
financial resources [82], making it simpler to adopt low-carbon policies and support the
growth of green technology and enterprises. Second, the eastern region is densely popu-
lated and industrialized, resulting in increased environmental pressures and concern for
environmental issues [83], as well as a larger need to enact low-carbon policies to improve
environmental quality. In contrast, the central and western regions are less densely inhab-
ited and under less environmental strain, making the need for low-carbon measures less
pressing than in the eastern regions. Third, the eastern region’s industrial structure is more
diverse, with stronger development of service and high-tech industries, making it easier to
implement pilot low-carbon city policies and fostering green technology innovation and
demonstration effects. On the other hand, the majority of the central and western regions
are dominated by highly polluting heavy and traditional industries, with a high proportion
of secondary industries, making industrial structure adjustment and upgrading difficult
and expensive [84], resulting in a less significant role for low-carbon city pilot policy.

5.3.2. Heterogeneity Analysis: Financial Development

The implementation effect of low-carbon city pilot policies may also be affected by
differences in the level of official development. This document relates to the “2021 Financial
Competitiveness Ranking of Provinces and Cities in Mainland China,” which was produced
and published by the Securities Times and New Fortune and measures the level of financial
development based on city financial competitiveness. Cities in the sample that rank among
the top 50 in terms of financial competitiveness in Mainland China are designated as
financially developed cities, while the remaining 231 cities are classified as financially
undeveloped cities. The results of the regression are as shown in columns (3) and (4) of
Table 10. The implementation of a low-carbon city pilot policy greatly improves green,
high-quality development in financially developed cities but has no substantial influence
on financially undeveloped cities.
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One probable explanation is that financially developed cities have more complete
financial markets and institutions, allowing them to provide effective financial services
for low-carbon transition [85]. These areas can better direct the flow of funds to green
and low-carbon projects, reduce financing costs and difficulties for high-pollution and
high-energy-consumption industries, and thus promote industrial structure optimization
and upgrading, as well as green, high-quality development in the pilot areas.

5.3.3. Heterogeneity Analysis: Native Endowment

This paper also investigates how disparities in urban resource endowments affect
urban development and policy implementation effectiveness. Based on the State Council’s
National Sustainable Development Plan for Resource-based Cities (2013-2020), this report
separates the 281 cities into 111 resource-based cities and 170 non-resource-based cities.
The results, as shown in Table 10, columns (5) and (6), reveal that low-carbon city pilot
policy plays an important role in fostering high-quality green growth in non-resource cities
but has no meaningful influence on resource cities.

The reason for this is that, in comparison to resource-based cities, non-resource-based
city growth is more focused on optimizing industrial structure, strengthening technical
innovation [86], and improving energy efficiency. As a result, with the backing of a low-
carbon city pilot policy, the green, high-quality development of non-resource cities is more
significant. In contrast, resource-based cities frequently rely on regional resource endow-
ments to develop resource-based industries [87], have relatively low levels of technology,
and are prone to path dependence [88], making it more difficult for resource-based cities
to implement a low-carbon city pilot policy and significantly promote green, high-quality
development in the city.

6. Research Conclusions and Recommendations

Understanding the policy impact of low-carbon city pilot policies on green high-quality
development is critical for determining how to use appropriate environmental policy design
to promote low-carbon transition and green economic development, as well as achieve
green high-quality development when China is starting from scratch. This research treats
low-carbon city pilot policy as a quasi-natural experiment, and using panel data from
281 Chinese cities from 2007 to 2020, we utilize a multi-temporal DID model to investigate
the influence of low-carbon city pilot policy on green, high-quality development.

The study discovered that, first, low-carbon city pilot policies can considerably boost
high-quality green growth in cities. This conclusion is consistent after the parallel trend
test, placebo test, endogeneity test, and a variety of other robustness tests, confirming
the stability and reproducibility of this finding. Second, fintech and urban innovation
play a moderating role in promoting green, high-quality development through low-carbon
city pilot policies. There is a single threshold, and low-carbon city pilot policies can only
significantly promote green, high-quality development if FinTech and urban innovation
cross it. Third, low-carbon city pilot policies make varying contributions to green, high-
quality development. In terms of city location heterogeneity, the eastern region’s cities
have had a greater increase in green, high-quality development than the middle and
western areas. Sub-economic strength variation is evident, with financially developed cities
experiencing far more green, high-quality development than financially undeveloped cities.
Non-resource-based cities play a larger role in fostering green, high-quality development
through low-carbon policies than resource-based cities because of sub-resource-endowment
variability.

This paper proposes the following policy proposals to further support the construction
of low-carbon cities and achieve high-quality green development: First, encourage fintech
growth to digitally facilitate greening. Research has shown that the relevance of low-carbon
city pilot policies in fostering green, high-quality development grows as fintech advances.
To that end, the government should increase its investment in fintech R&D funds, support
the development and innovation of cutting-edge technologies, encourage fintech enter-
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prises to innovate in green technology, promote the deep integration of digital technology
and green industries, and develop green financial projects. Second, encourage the close
convergence of urban innovation with low-carbon governance. According to research,
low-carbon city pilot policies can only significantly contribute to high-quality green de-
velopment in places with stronger innovation capacity. The government should boost the
innovative vitality of businesses and individuals by establishing innovation policies and
providing financial assistance for innovation. Simultaneously, it should improve science
and technology education, attract top personnel, and foster a conducive innovation ecosys-
tem to encourage urban innovation. Third, the development of low-carbon cities should be
encouraged in accordance with local circumstances. Governments should develop realistic
low-carbon urban planning and policy measures based on the features of local economies,
resources, and environments and promote initiatives such as green travel, energy savings
and emission reduction, and the use of renewable energy. Simultaneously, monitoring and
evaluation systems should be improved to encourage the successful implementation and
continual development of low-carbon city pilot policies.

Although the research in this work has thoroughly investigated the influence of low-
carbon city pilot policies on green, high-quality development, there are some limitations.
For starters, the indicators” explanatory ability is insufficient. This paper only uses the
green total factor productivity of prefecture-level cities to measure the level of green high-
quality development, failing to construct an indicator system to comprehensively measure
the level of green high-quality development in cities, resulting in insufficient explanatory
capacity for the study’s findings. Second, there are data restrictions. The study is based
on panel data from 281 Chinese cities from 2007 to 2020, which is not sufficiently recent
and may not include all variables related to low-carbon and green growth, resulting in the
model’s limited explanatory ability. Thirdly, there are geographical variances. Although
the analysis considers the variability of city location, economic strength, and resource
endowment, China is a vast territory with considerable variances in policy execution and
impacts that this work may not fully reflect.

Given the constraints of this paper’s research, future research will focus on the follow-
ing areas: First, develop a multidimensional green, high-quality development indicator
system. This indicator system can encompass economic, environmental, social, and other
factors, such as green GDP, carbon emission intensity, energy efficiency, air quality, and
other metrics. By combining these metrics, the low-carbon city pilot policy’s influence on
green, high-quality development can be evaluated more thoroughly. Second, update and
increase data collections. To overcome the issue of data limitations, future studies could
seek out fresher and more extensive data to represent the most recent effects of low-carbon
city pilot policies. Third, a thorough investigation of geographical variances. To address
the issue of regional differences, future studies could delve deeper into the variances in
policy implementation and consequences across areas. The applicability and success of
policies in different places can be evaluated in terms of economic, social, cultural, and other
contextual aspects.

Although this paper’s findings are based on Chinese data and context, they are appli-
cable to other countries. Low-carbon city building and green, high-quality development
are global issues, and all countries face comparable difficulties and opportunities. The
conclusions of this research can help other countries establish and implement policies
relating to low-carbon city building and green development. The paper’s findings on
regional disparities and plurality can help other countries better understand the complexity
and diversity of low-carbon city building and green growth. Economic growth, resource en-
dowment, social culture, and other factors vary by country and location, resulting in varied
paths and modalities of low-carbon city construction and green development. As a result,
other countries can take inspiration from them and pursue low-carbon city construction
and green development pathways that are appropriate for their own countries.
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