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Enhancing the green and high-quality development of urban in China and
exploring the synergistic effects of multiple policy implementations is the key
to effectively playing the leading role of policies. To explore the synergistic effects
and driving mechanisms of dual policies on regional green development, this
study selected panel data from 30 provinces in China from 2008 to 2020.
Employing Multi-period difference-in-differences and Mediation effects
models, the research systematically explores the synergistic effects of these
dual-pilot policies on urban green and high-quality development. The findings
of this study reveal a significant improvement in the level of urban green
development under the influence of the dual-pilot policy. After conducting a
series of rigorous tests for robustness, this conclusion remains valid. This
improvement is primarily attributed to the stimulation of technological
innovation capabilities and the optimization of industrial structures within the
cities. Compared to the carbon emissions trading city single pilot and free trade
zone city single pilot, the dual pilot effect of carbon emissions trading and free
trade zone city is stronger. The carbon emissions trading city pilot and free trade
zone city pilot have a synergistic effect on regional green and high-quality
development. This research provides valuable theoretical insights to guide the
planning of pilot cities, facilitating the realization of both high-quality economic
development and sustainability objectives.

KEYWORDS

pilot free trade zone, carbon emission trading, green high-quality development,
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1 Introduction

Reducing the negative impact of environmental pollution on economic growth is crucial
for promoting sustainable urban development. Opting for an eco-friendly path is an
unavoidable decision for economic growth, societal wellbeing, and the health of our
surroundings (Shen et al., 2023). This approach aligns with the core principles of many
international policies established in recent times (Ramzan et al., 2023). In the wake of
economic reforms and increased openness, the outdated model of resource-intensive
development has resulted in significant challenges related to environmental
contamination. The path of green development serves as both the impetus for China’s
progression toward an ecologically civilized society and a pivotal lever for reshaping the
economic growth model (Xu et al., 2022). China explicitly outlined the objective of fostering
widespread green production and lifestyle by 2035, facilitating a fundamental improvement
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in the ecological environment and substantially realizing the goal of
building a beautiful China. In November 2022, in response to global
climate change, China proposed, “It must be propelled by scientific
and technological advancements, facilitating the transition and
enhancement of energy resources, industrial composition, and
consumption patterns, ultimately fostering the advancement of
both green economics and societal progress”. Exploring new
pathways that harmonize development and protection. The green
transformation of the economy is an inevitable choice for resolving
the ecological challenges within China’s pursuit of high-quality
economic development. Supporting high-quality development
with high-level ecological and environmental protection and
making green the most distinctive foundation of high-quality
development is the ultimate goal of China’s green development.
After years of economic reform and development, China’s
economy has ascended to the world’s second-largest. However,
environmental pollution and deteriorating ecological conditions
have become prevalent because of its economic development
mode and stage constraints. China’s economy has entered a
phase of high-quality development, making achieving high-
growth
departments at all

quality economic a focal point for
Confronted  with

environmental pressures, China has been actively promoting pilot

government
levels. escalating
projects encouraging regions to implement carbon emissions
reductions. To curtail environmental pollution, foster regional
carbon emissions reductions, stimulate low-carbon economic
growth and achieve Green High-quality Development (GHD), the
National Development and Reform Commission introduced the
“Notice on Launching Pilot Work for Carbon Emissions Trading” in
November 2011. This policy specified that Beijing and seven other
provinces and cities would serve as pilot areas for carbon emissions
trading, with gradual implementation commencing at the end of
2013. The establishment of the carbon emissions trading market
represents a noteworthy innovation within China’s institutional
framework aimed at tackling climate change and environmental
pollution and fostering high-quality economic development through
market-oriented mechanisms. The implementation of this policy
has the potential to stimulate technological innovation among
while environmental

businesses simultaneously  mitigating

pollution and greenhouse gas emissions, facilitating the

transformation and upgrading of industrial structures.
Furthermore, it can accelerate the transition of regional economic
development models, transitioning from reliance on factors to
embracing innovation as a driver, ultimately leading to the
achievement of high-quality regional economic growth.
Furthermore, within the context of the relevant green
development policies, researchers have also determined that the
pilot initiatives within free trade zone municipalities exert a more
pronounced influence on the promotion of sustainable urban
development and the management of environmental pollution.
Under the economic situation of increasing economic pressure,
blocked export of enterprises and increasingly serious anti-
globalization tendency, there are certain contradictions between
expanding import and export trade, accelerating economic
development and environmental protection. Current policies
should aim to achieve an equilibrium between fostering trade
expansion, promoting economic growth, and preserving the

environment. The pilot policies of free trade zones represent a
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significant decision for China to deepen reforms further, enhance
trade openness, and promote economic growth. To strengthen the
ecological and environmental protection efforts within free trade
zones, in May 2021, the Ministry of Ecology and Environment and
eight other departments jointly formulated the “Guiding Opinions
on Strengthening Ecological Environment Protection in Free Trade
Pilot Zones to Promote High-quality Development.” This document
explicitly outlines measures to establish low-carbon pilot zones,
construct ecological and environmental security zones, and set up
model areas for international environmental cooperation.
Therefore, within the context of adhering to a strategy of mutual
benefit and win-win cooperation, as well as China’s goal of achieving
high-quality development, the impact and effects of the free trade
zone pilot policies on regional GHD hold significant practical
significance.

Both the free trade zone pilot and carbon emission trading pilot
can effectively support the enhancement of regional green
of China’s

ecological and environmental market construction. However,

development, constituting integral components
achieving a deeper integration of mechanisms, policies, and
standards between the two to realize synergistic benefits in
pollution  reduction, carbon mitigation, and efficiency
enhancement requires a further deepening institutional design.
Considering the potential synergistic effects of combining these
two policies and whether it can lead to more significant benefits
from a policy coordination perspective, it is likely to open up new
avenues for advancing regional high-quality development. Hence,
this study aims to address the following questions: Does the
combined use of the free trade zone policy and carbon emission
trading policy have a better synergistic effect on regional green
development? What are the specific mechanisms behind this effect?
Are there differences in the effects of implementing a single policy
versus implementing both policies in coordination? Which situation
is more conducive to promoting cities GHD? Exploring these
questions will effectively assist policymakers in enhancing
regional green development and high-quality growth.

Given this, the potential incremental contributions of this paper
can be outlined as follows: In terms of research perspective, this
paper studies the synergistic effect of carbon emission trading city
pilot policies and free trade zone city pilot policies on regional GHD.
Although a few kinds of literature have studied the effects of the
construction of free trade zone pilot cities and the construction of
carbon emission trading markets on regional green development,
this paper further considers whether there may be synergies between
the two policies. This approach is a beneficial attempt to respond to
the country’s “exploring a new path of synergy between
development and protection,” it also reasonably supplements the
existing research results. From the research methods, this paper
considers the implementation time of the dual-pilot policies and the
differences in the implementation cities. It adopts the multi-period
difference-in-differences method to obtain the net effect of the
impact of the establishment of the dual-pilot cities on regional
GHD, avoiding the measurement error caused by endogenous
problems. From the selection of indicators, this paper reflects the
level of GHD by constructing an evaluation index system for
GHD. In follow the

connotation of high-quality development proposed by China and

regional terms of index selection,

select evaluation indicators that align with China’s national
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conditions from the five aspects of “innovation, coordination, green,
openness, and sharing.” In contrast to the conventional approach of
employing the SBM model to assess urban green total factor
productivity through input and output considerations, this study
places a heightened focus on the fresh paradigms and demands
associated with China’s high-quality economic development in the
contemporary era. From the research significance, this paper can
provide a reference for improving the regional green development
mode by analyzing the synergy of multi-policy implementation
effects. Meanwhile, it brings enlightenment to implementing
future environmental policies by considering the synergy between
policies.

The subsequent organization of this paper is outlined below.
In Chapter 2, an in-depth examination of existing literature is
presented. Chapter 3 outlines the theoretical analysis and
research hypotheses. The introduction of the pertinent model
formulation and research hypotheses can be found in Chapter 4.
Moving on to Chapter 5, an exposition of the empirical findings
and analytical discussion is provided. Chapter 6 then conducts a
more profound investigation into the article’s subject matter.
Finally, Chapter 7 offers conclusive insights and policy
suggestions.

2 Literature review

This study primarily focuses on research related to urban GHD
and evaluating the impact of relevant pilot policies. Recent literature
closely related to these topics has been categorized into three main
sections for review.

2.1.1 Measurement of green high-quality
development

Green High-quality Development is China’s new development
stage and strategic goal. Taking the five development concepts of
“innovation, coordination, green, openness and sharing” as the
guiding ideology, it is also a process of continuously improving
total factor productivity (TFP). Due to its rich connotation, a unified
evaluation index system has not yet been formed. Early scholars
adopted the traditional total factor productivity method to measure
the level of high-quality development (Liu et al., 2021). However,
this process does not take into account factors such as resource
investment and the environment and cannot fit in with the new
development concept of green development. The method of green
total factor productivity was then derived to incorporate energy
consumption and environmental pollution issues into the total
factor productivity accounting system. It aims to measure the
growth and
sustainable development to reflect the green and high quality of a

balance between economic environmentally
country or region. At the same time, in order to conduct an in-depth
analysis of GHD, when measuring green development, it is
decomposed into green technical efficiency and green technical
progress for in-depth discussion (Wang et al., 2021; Cheng and
Jin, 2022). It provides a more in-depth discussion of the factors
affecting green development. However, GHD covers all aspects of

the economy and society. In addition to focusing on “quantitative”
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growth, it also pays more attention to “quality” improvement, which
needs to be evaluated from many aspects.

In recent years, scholars have delved deeper into the study of
GHD. Some argue that innovation, factor supply, organizational
systems, policy environment, and governance level are essential
drivers of GHD (Yang et al., 2022; Song et al., 2022). Others propose
that a single metric is insufficient for measuring GHD, advocating
for constructing indicator systems based on multiple dimensions
such as innovation, coordination, green development, openness, and
sharing (Zheng and He, 2022; Li and Liu, 2023; Li et al, 2023)
pointed out that the fusion of economic growth and green
development as the fundamental essence of the contemporary
economic system. Building upon the essence of China’s novel
development concept, they devised a gauge of the Chinese
economy’s high-quality developmental stage. Subsequently, they
employed the principal component analysis method to quantify
the extent of China’s high economic high-quality development. Li
and Wang (Li and Wang, 2023) redefine the connotation of GHD
from the inside and outside of the city and provide a new perspective
on the definition of GHD. Incorporate manufacturing-related
indicators into the GHD evaluation index system to make it
more comprehensive and compensate for existing research’s
shortcomings. Although scholars have different definitions of
GHD, the connotations of various definitions are relatively
consistent, indicating that GHD is a relatively comprehensive
concept. Compared with the earlier method of using input-
output indicators to measure regional GHD, constructing an
reflect the
development needs of different regions at a specific stage.

indicator system for measurement can better

2.1.2 Effectiveness of free trade zone policy

The pilot free trade zone is a test field for exploring a new round
of system reform and innovation after China’s economic system
reform enters the deep-water area. Since the China (Shanghai) Free
Trade Zone was officially listed in September 2013, after several
rounds of expansion, China has formed a new pattern of high-level
regional opening up. In institutional innovation, each pilot trade
zone insists on bold experimentation, bold breakthrough, and
independent reform. Extensive efforts have been devoted to the
realms of investment and trade liberalization, the facilitation of
financial services to the real economy, and the transformation of
government functions, resulting in notable accomplishments. It has
explored an open model with institutional innovation as the core
and has become a benchmark and model of openness in the new era.
Promoted an important change in the concept of government
management and became a pioneer in system innovation.
Actively benchmark international high-standard investment and
trade rules and become a linker and practitioner of international
advanced rules (Chen et al., 2018). However, the original intention
of establishing the free trade zone is not only institutional innovation
but also to enhance the advancement of China’s economy through
comprehensive reform trials and institutional innovation aimed at
fostering high-quality development. The central development
concept within China’s Pilot Free Trade Zone is “green
development.” It aligns with the principle highlighted in the
“Guiding Opinions on Reinforcing Ecological and Environmental
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Preservation in Pilot Free Trade Zones” released by China’s Ministry
of Ecology and Environment, indicating that the concept of green
development should permeate every facet of constructing pilot free
trade zones. The Pilot Free Trade Zone will cultivate a contemporary
environmentally-friendly ~service sector, promote sustainable
manufacturing, build an eco-aware supply chain, and foster
future-oriented green trade practices.

During the early stages of the reform and opening-up era,
scholars predominantly focused on researching the regional
economic growth resulting from the free trade zone policy.
The researchers have discovered that free trade zones play a
pivotal role in invigorating innovation and bolstering businesses’
competitive edge. The free trade zone policy has promoted
regional economic growth by promoting foreign direct
investment, upgrading industrial structure, and technological
innovation (Aloise and Macke, 2017; Zhuo et al, 2021).
Following the introduction of the green development concept,
the functional orientation of the free trade zone policy extends
beyond mere economic growth, placing greater emphasis on the
harmonious progress of both economic advancement and
environmental preservation. In recent years, exploring the
impact of free trade zone policies on high-quality regional
development has gradually become an emerging research field,
competing to become a hot spot in the academic circle. Relevant
foreign scholars have also explored the influence of free trade
zone policies on green development from different perspectives.
Wang et al. (Wang et al, 2022) used the data from China’s
provinces to find that the free trade zone policy can promote
regional GHD. The main way is to promote the rational
development of regional industrial structure and improve
innovation ability. Jiang et al. (Jiang et al, 2021) used the
input-output method based on the micro-data of enterprises.
They used the green total factor productivity to measure the
quality of economic development to study the net effect of
establishing the Shanghai Pilot Free Trade Zone on the green
total factor productivity of municipal enterprises in Shanghai.
The findings indicate that owing to technological advancements,
the free trade zone in Shanghai has contributed to the
enhancement of the overall green productivity of local
businesses. Bi et al. (Bi et al, 2023) observed, through data
analysis conducted at the prefecture-level city level in China,
that free trade zones, functioning as “green zones” for executing
planning initiatives and institutional reforms, contribute
positively to the advancement of environmentally friendly and
sustainable urban development. They also find that free trade
zones are the main channel for enhancing regional green
development by fostering foreign direct investment and
facilitating  upgrades in industrial = structure, thereby
establishing a connection between free trade zones and

enhancing green total factor productivity.

2.1.3 Effectiveness of carbon emission
trading pilot policy

To promote regional GHD, curbing severe carbon emissions

is necessary to mitigate their negative effects and address
environmental pollution at the source (Chen et al., 2020).

Frontiers in Environmental Science

10.3389/fenvs.2023.1281357

Since introducing the EU’s carbon trading market, market-
based mechanisms featuring carbon quotas and prices have
proven effective in reducing emissions by restricting corporate
carbon emissions and incentivizing carbon mitigation efforts.
This approach has been imitated by more and more countries
(Ding et al., 2019). Taking a cue from the European Union’s
experience, China initiated pilot carbon emissions trading
policies in 2011, with subsequent launches taking place at the
close of 2013 and beyond. Studies have shifted toward
understanding the policy’s impact on the economic system.
The policy has so far involved seven provinces in China. The
implementation of this policy has made scholars’ research
gradually turn to the impact of this policy on the entire
economic system. Several studies have shown that carbon
trading pilots reduce energy consumption and enable
corporate innovation (Zhang et al, 2019; Zhang et al., 2022;
Shi et al.,, 2022). Fu et al. (Fu et al., 2023) found that carbon
emissions trading is important to promote GHD. As a quota-
based market-driven environmental regulatory policy, the carbon
emission trading policy induces enterprises to carry out green
innovation  behaviors by  transforming  enterprises’
environmental responsibilities into conscious behaviors. It will
lead to a significant increase in the quantity and quality of green
technological innovations of enterprises, which will affect the
development of green innovation in the region. Xiao et al. (Xiao
et al, 2021) found that in addressing climate change and
promoting high-quality development, carbon emission trading
policies significantly increased total factor productivity at the
This has
comprehensively promoting the high-quality development of
enterprises. Another example is that Chang and Wang (Chang

firm level. brought new opportunities for

and Wang, 2023) conducted an analysis of the carbon market’s
influence on green-balanced development and put forward that
China’s carbon emission trading system has notably enhanced
the state of green-balanced development. Meanwhile, it
additionally advances the alignment between environmentally
conscious economic growth and equity in the environmental
domain, offering a viable route encompassing both efficiency and
fairness for the pursuit of green development.

It can be seen from the existing literature that although the
current literature has laid a good theoretical foundation for the study
of pilot policies and green economic development, there are still
areas to be improved. First, the policy effect is only evaluated from
the perspective of pilot cities in free trade zones or pilot cities of
carbon emissions trading, and there is a lack of research on the
effectiveness of combining policies in pilot cities in free trade zones
and pilot cities of carbon emissions trading; The assessment of
quality development predominantly gauges the quality of economic
growth through the lens of input and output. However, these
measurement methods have certain defects, mainly because the
measurement is one-sided and limited, not comprehensively
representative, and cannot reflect the GHD of a country or
region according to the actual situation. More batches of pilot
samples are taken into account, resulting in the policy’s
effectiveness not being well-reflected. This article studies the
synergistic effects of multiple policies from the perspective of
high-quality economic development, providing a reference for the
formulation of China’s macroeconomic and environmental policies.
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3 Theoretical analysis and research
hypotheses

3.2 Theoretical analysis

3.2.1 Synergistic effects of dual-pilot city
construction on GHD

High-quality and sustainable development is an inevitable
choice for future urban development. When promoting green
development, we should not only pay attention to economic
growth but also the protection of environmental development. In
the present phase, the carbon emission city pilot initiative in China
has reached a pivotal juncture marked by practical implementation
and profound progression. Dong et al. (Dong et al, 2022)
highlighted that the design of policies for piloting citywide
carbon emission reduction is rooted in urban progress. These
policies enable a variety of focused management strategies during
their implementation, seamlessly integrating carbon emission
objectives into urban development indicators and policy
guidelines. Chen and Lin (Chen and Lin, 2021) also confirmed
the role of carbon trading mechanisms in promoting energy
conservation and emission reduction. It has been observed that
the low-carbon urban pilot policy utilizes information technology to
improve the efficiency of resource allocation and utilization within
urban areas. Guo et al. (Guo et al., 2023) verified that the carbon
emissions trading policy not only significantly improved the
innovation capability of the cities where the policy is located but
also promoted the improvement of the innovation capabilities of
surrounding cities, which brought certain reference value to the
improvement of China’s regional green development. Meanwhile, in
developing and constructing free trade zones, the proposal of green
free trade zones can also effectively promote high-quality regional
development by promoting the optimization of regional industrial
structure and the development of green innovation capabilities
(Zhou et al,, 2022).
enhance green technology innovation, total factor productivity,

The creation of a free trade zone can

and environmental protection investment in micro-enterprises
through technological, competitive, and resource allocation
mechanisms. This, in turn, promotes the green development of
micro-industries (Li et al., 2023).

Policy coordination is an important area of current research
hotspot, which is mainly reflected in the mutual promotion effect of
policy coordination and cooperation (Kwon, 2018). Under the same
promotion effect, the effect of a single policy is much lower than that
of a combination of policies (Tang and Wang, 2018). Regarding the
focus of this study, in contrast to a single pilot policy, the dual pilot
policy is collectively dedicated to promoting green development,
potentially leading to more pronounced effects on high-quality
urban development. In urban construction in China’s free trade
zones, the green development orientation is more about putting
forward sustainable development measures from the top design. At
the same time, the carbon emission city policy focuses on controlling
actual pollution sources and applying green technologies. Therefore,
becoming a free trade zone city based on carbon emission cities can
effectively improve urban technology and bring impetus to the city’s
green development. For the pilot cities of carbon emissions,
pollution emissions may not only come from domestic pollution
sources but may also be caused by domestic and foreign trade. The
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Pollution Paradise Hypothesis believes that trade liberalization will
cause heavily polluting enterprises to transfer from developed
countries to developing countries, which will lead to the
deterioration of the environment in developing countries (Liu
et al, 2018). The implementation of the green free trade zone
policy can significantly reduce the impact of this aspect through
measures such as legal constraints and negative list implementation.
Considering the distinct emphases of pilot policies for carbon
emissions trading cities and free trade zone cities, it is essential
to account for policy heterogeneity when coordinating dual-pilot
initiatives comprehensively. Under the dual-pilot policy, with the
help of policy formulation and green technology development, the
government has the capacity to control excessive energy
consumption and pollutants, encourage environmentally friendly
manufacturing and production practices, and realize the objective of
safeguarding the environment through low-carbon measures (Chiu
et al, 2012; Zhu et al., 2021). Therefore, there may be a synergistic
effect between the carbon emission trading city pilot policy and the
free trade zone city pilot policy, which will have a huge positive
impact on the city’s GHD goals. Based on this, it is proposed the
following hypotheses:

Hypothesis 1: The coordinated development of dual-pilot policies
is conducive to promoting regional GHD.

3.3 Mechanism analysis

The influence of the combined impact of the urban pilot policy
in free trade zones and the carbon emissions trading policy on
achieving regional green and high-quality development is
demonstrated through the synergistic effect of policies and their
supplementary mechanisms. The first is the synergistic effect
superposition mechanism of the dual pilot policies. Promoting
the realization of regional GHD and continuously enhancing
regional innovation capabilities are indispensable prerequisites
(Yang et al, 2022). Given the pronounced carbon intensity of
China’s economy and energy infrastructure, promoting green
innovation is seen as a vital pathway toward achieving carbon
neutrality (Ma et al., 2021). The development of green free trade
zones is conducive to the city’s pursuit of high-quality economic
development driven by technological progress and technical
efficiency improvements. On the one hand, the innovative
development strategies and related institutional arrangements or
innovative measures promoted by the free trade zone will increase
the accumulation of overseas talents, technology, and scientific and
technological capital, thereby promoting the improvement of urban
innovation capabilities (Li et al., 2021). On the other hand, from the
perspective of stock, the original city’s innovation capability will
determine, to a certain extent, the city’s ability to digest, absorb and
re-innovate advanced foreign technologies (Hao et al, 2021).
Therefore, urban innovation capability may be the intermediate
through which triggered by
institutional converge to

channel innovation elements

innovation in free trade zones

technological progress or technological efficiency improvement.
One of the main purposes of the carbon emissions trading pilot

policy is to promote enterprises to adopt low-carbon technologies

and cleaner production methods to reduce carbon emissions. To

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1281357

Chang and Wang

achieve this goal, companies often need to engage in technological
innovation to find more environmentally friendly and efficient
solutions. As a formal government environmental regulation,
carbon emissions trading policy will promote the improvement
of urban green technology innovation levels from a guidance and
support level. Carbon trading policies can encourage companies to
actively reduce carbon emissions and reduce emissions reduction
costs by improving production efficiency, optimizing resource
allocation, and focusing on the use of clean energy (Yang et al,
2020). As the “Porter Hypothesis™ states, environmental regulations
can prompt companies to innovate green technologies and achieve
the dual benefits of carbon emission reduction and economic
development (Wang et al., 2019). Therefore, in theory, carbon
trading policies can induce companies to develop non-carbon
negative technologies with lower carbon emission levels and zero
carbon emissions, as well as carbon negative technologies that offset
and absorb necessary carbon emissions in the production process to
reduce purchases or Absorb carbon emissions. This policy effectively
fosters the advancement of environmental protection technology
and encourages green innovation within the city, subsequently
contributing to the promotion of regional green and high-quality
development.

Under the superimposed effect of the two policies, the city can
draw on the advantages of both policies at the same time. First, both
the free trade zone policy pilot and the carbon emissions trading
pilot policy have introduced market mechanisms to encourage
companies to adjust their behavior based on market demand and
economic incentives. The free trade zone policy pilot has attracted
high-tech and high-value-added industries
competition, while the carbon emissions trading pilot policy
encourages companies to adopt low-carbon technologies to

through market

reduce carbon costs. The synergy between the two promotes
technological innovation under market guidance and makes cities
more competitive. Pilot free trade zone policies have attracted
international companies to the city, creating opportunities for the
spread of knowledge and technology. At the same time, the carbon
emissions trading pilot policy encourages companies to adopt low-
carbon technologies and promotes cooperation and technology
sharing between domestic and foreign companies. The synergy
between the two accelerates the pace of urban technological
innovation through technology diffusion and collaboration. Cities
derive advantages from the dual-pilot policy. By employing
government investment strategies in science and technology, the
supply of innovative resources can be augmented, thereby
amplifying innovation spill-over effects. Based on the signal
transmission theory, the dual-pilot policy can generate a dual
reputation effect, leading to the concentration of talent capital
and the dissemination of knowledge spillover effects. Therefore,
the dual-policy synergy can promote the development of urban
technological innovation at multiple levels, such as market
orientation, policy support, and technology dissemination. This
synergy promotes cities to accelerate green and high-quality
development and provides a solid theoretical basis for sustainable
urban development. Given this premise, the article proposes the
second research hypothesis:

Hypothesis 2: Dual-pilot policies facilitate regional GHD by
enhancing urban green technological innovation capabilities.
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The second aspect involves the complementary mechanism of
the dual pilot policies. Industrial structural adjustment is one of the
important ways to transform China’s current green development,
which can effectively promote the reduction of pollutant emissions
and the positive transformation of growth momentum (Zhang et al,,
2022). Specifically, the process of local governments implementing
carbon emission city pilot policies is essentially using market
incentive tools to solve government environmental governance
mechanisms to drive the

issues. By employing market

advancement of low-energy and low-pollution emerging
industries, the objective of optimizing and upgrading the city’s
traditional, resource-intensive industrial structure can be attained
(Liu et al, 2023). In addition, under the influence of the carbon
emission pilot city pilot policy, the government’s macro-control
efforts have increased. The production and management costs of
high-energy-consuming enterprises have increased, and their profit
margins have shrunk, making it difficult for some enterprises to
survive in the pilot areas. High energy-consuming companies will be
forced to adjust their production structures due to environmental
governance measures such as local government sewage charges and
environmental taxes. In this way, it helps alleviate the impact of
rising production costs on corporate viability and subsequently
allows for the rational adjustment of the overall industry’s
industrial structure (Chen and Wang, 2023).

Additionally, free trade zone policy pilots can achieve the effect
of improving green development by adjusting the industrial
structure of regional cities (Yan et al., 2022). At the macro level,
relevant departments will adjust the city’s industrial structure in the
Green Free Trade Zone Policy Pilot Zone. For example, relevant
policy documents require the creation of advantageous low-carbon
industries based on regional industrial characteristics and the
promotion of traditional agriculture, traditional industries, and
service industries to actively upgrade to ecological agriculture,
low-carbon industries, and modern service industries (Yang et al.,
2022). At the micro level, the policy dividends of free trade zones can
attract non-pilot enterprises to enter and form industrial
agglomeration development. Green development positioning can
restrain high-emitting and high-polluting enterprises. The free trade
zone guides the transformation and upgrading of high-polluting
enterprises and promotes the rationalization of industrial structure
by formulating corresponding regulations on corporate green
development. It will improve the rationalization of the industrial
structure, allow excess resources to flow to shortage sectors, and
achieve a reasonable allocation of production factors among various
industries. It improves the efficiency of resource allocation, avoids
resource waste, and helps transform the economic growth model
from extensive to intensive, thus promoting the development of the
green economy.

The implementation of the dual policy pilots of the free trade
zone policy pilot and the carbon emissions trading pilot policy has
introduced market mechanisms, which can encourage enterprises to
adjust their business strategies more flexibly to adapt to market
demand. When companies face more international competition in
free trade zones, they will be more inclined to adopt environmentally
friendly, low-carbon production methods to reduce costs and
improve competitiveness. At the same time, carbon emissions
trading policies will encourage companies to reduce carbon
emissions and further promote the transition to low-carbon

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1281357

Chang and Wang

industries. The synergistic effect of these two policies can help
accelerate the optimization of the industrial structure and guide
resources and investment into more environmentally friendly and
sustainable industrial fields, thereby enhancing the high-quality
development of the regional economy. The synergistic effect of
policies accelerates market-driven industrial restructuring and
makes cities more adaptable to the needs of low-carbon and
green development. According to the above, the article presents
the third research hypothesis:

Hypothesis 3: Dual-pilot policies facilitate GHD by optimizing
urban industrial structures.

4 Model construction and variable
selection

4.1 Model construction

4.1.1 The Difference-In-Differences method

The Difference-In-Differences (DID) method is a common
approach in empirical research for evaluating the effects of
policies. Its core lies in using two different calculations to
eliminate the influence of endogenous factors on explanatory
variables. Specifically, it focuses on the changes before and after
the policy intervention for both treated and untreated individuals,
where the difference in these changes represents the impact of the
policy intervention (Yu and Zhang, 2021). Since 2013, China has
approved the establishment of six batches of pilot areas for free trade
zones, with the fifth and sixth batches established in 2019 and 2020,
respectively. Based on the effectiveness of the policy
implementation, this paper included them in the control
group. Additionally, starting at the end of 2013, China officially
launched carbon emissions trading market pilot programs in seven
Shanghai, Hubei,
and Fujian. It lays a robust foundation for

provinces: Beijing, Tianjin, Guangdong,
Chonggqing,
conducting an in-depth quasi-natural experiment to scrutinize
the effects of the pilot policies in free trade zones and carbon
emissions trading on regional high-quality development.

Given that the free trade zone and carbon emissions trading pilot
policies were not implemented concurrently, this paper employs a
widely applicable multi-period DID method to estimate the effects of
dual-pilot policies on urban green development. By controlling for
other factors and referencing the research methods of Zhang and
Zheng (Zhang and Zheng, 2023), we examine if there exists a
noteworthy disparity in carbon emission reduction outcomes
between pilot and non-pilot areas before and after the
implementation of the dual-pilot policies. The multi-period DID
model constructed in this paper includes both city-fixed effects and

year-fixed effects and is as follows:
GHD, = B, + ,Treat; x Post, + §,Controly + 1, +y, +& (1)

Among the variables in the equation, the subscripts i and t
correspond to the city and year, respectively. Variable GHD;
represents the dependent variable, indicating the level of regional
Green High-quality Development. The variable Treat; x Post;
serves as the core explanatory variable, denoting the multi-period
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difference-in-differences variable. Variable Control; represents
control variables that influence GHD. Variable #; denotes city-
specific fixed effects, controlling for individual factors affecting
regional GHD that do not vary over time. Variable y, represents
time effects, accounting for time-related factors affecting all regions.
Variable €; represents the error term. The value rule for variable
Treat; x Post, is as follows: If a city simultaneously satisfies being
both a carbon emissions policy pilot city and a free trade zone pilot
city in the current year and subsequent years, the variable takes the
value of 1; otherwise, it takes the value of 0. 3, is the core coefficient
most concerned by this paper, which represents the net effect level of
the establishment of the dual-pilot policy on the GHD of cities. If
B, > 0 and is statistically significant, it indicates that the dual-pilot
GHD level,

policies  significantly enhance the regional

demonstrating the dual-pilot policies” effectiveness.

4.1.2 The mechanistic model of the role of
industrial structure and technology innovation
capability

To verify the potential mechanisms through which the dual-
pilot policies affect regional GHD, as discussed earlier, we examine
whether the mediating variables of technological innovation
capability and industrial structure optimization play a role
between the dual-pilot policies and regional GHD. Drawing on
the research by Feng et al. (Feng et al., 2022), this study constructs
the following model to analyze the mediating effects:

GHDj, = ay + ey Treat; x Post, + ,Controly + 1, +y, + & (2)
INTER; = B, + B,Treat; x Post, + 3,Controly, + 1, + y, + & (3)

GHDj; = hy + h\Treat; x Post, + i, INTER;, + ,Control; + y;
+Y, + & (4)

Based on the previous, the potential marginal contribution of
this study lies in the following aspects: First, INTER;; represents a
series of intermediary variables, each being substituted by variables
related to the industrial structure and innovation capability. The
definitions of other variables hold the same significance as those in
the baseline regression model. Should «; be significant in Equation
3, and it indicates that the establishment of the Free Trade Zone has
an impact on urban economic development. If both coefficients f3;
and h;, are statistically significant, the existence of mediating effects
is confirmed. If both h; and h, are statistically significant and
hy <h,, it indicates that there is a partial mediation effect.
Conversely, if h, is statistically significant, while h; is not, it
indicates that there is a complete mediating effect.

4.2 Variable description

4.2.1 Explained variable

This study employs the Green High-quality Development Index
(GHD) to reflect the level of regional green development. The
research emphasizes the balance between economic growth and
sustainability in regional development. To comprehensively reflect
the level of regional green development, this paper draws upon the
approach of Li et al. (Li et al., 2021), constructing a GHD index
system that aligns with the context of China. Specifically, guided by
China’s high-quality development principles, the index system is
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TABLE 1 Green high-quality development index.

10.3389/fenvs.2023.1281357

Primary Secondary Measurement method Indicator
attributes
Indicators Indicators
Innovation Innovation environment The full-time equivalent of R&D personnel in industrial enterprises above the +
Development designated size
Technology transaction activity The ratio of technology transaction volume to GDP +
Patent application level The ratio of patent licenses to the year-end resident population +
Coordinated Industrial structure coordination The ratio of the added value of the tertiary industry to GDP +
Development
Economic structure coordination The ratio of the added value of the tertiary industry to that of the secondary +
industry
Urbanization rate The ratio of the urban population to the total population +
Green Development | Industrial wastewater discharge intensity The ratio of wastewater discharge to GDP -
Industrial waste gas emission intensity The ratio of main pollutant emissions in exhaust gas to GDP -
Per capita parks and green areas in the = The ratio of urban green space area to the total population of the region at the end +
city of the year
Unit energy consumption The ratio of comprehensive energy consumption to GDP -
Domestic Trade GDP growth rate Regional GDP growth rate +
The growth rate of per capita disposable The ratio of per capita disposable income growth rate to GDP growth rate +
income
Dependence on domestic trade The ratio of total retail sales of social consumer goods to GDP +
International Trade The proportion of foreign investment The ratio of total foreign investment to GDP +
Dependence on foreign trade The ratio of total imports and exports to GDP +
Marketization degree The ratio of private and individual employment to total employment +
Shared Development The proportion of labor remuneration The ratio of labor remuneration to GDP +
The proportion of people’s livelihood The proportion of local fiscal expenditure on education, medical and healthcare, +
financial expenditure housing security, social security, and employment in local fiscal budget expenditure
Unemployment rate Urban registered unemployment rate -
The income difference between rural and = The ratio of farmers’ per capita net income to urban per capita disposable income +

urban areas

formulated from five dimensions: urban innovation, green practices,
coordination, openness, and shared benefits. Additionally, in
selecting openness indicators, the functional characteristics of the
Free Trade Zone policy are incorporated, enhancing the inclusion of
both domestic and foreign trade data. Finally, the entropy weight
method calculates the city GHD index. Meanwhile, in calculating the
comprehensive index, this paper uses the entropy weight method for
the calculation to avoid possible errors in human subjective
calculation. In the selection of innovation indicators, we use
innovation environment, technology trading activities, and patent
application level to represent. In the establishment of coordination
indicators, we select the degree of coordinated development of
industrial ~ structure, the degree of economic structure
development, and the level of urbanization to represent. In the
selection of green development indicators, industrial wastewater
discharge intensity, industrial exhaust emission intensity, per capita
park and green area of the city, and unit energy consumption were
selected to represent. In the selection of open indicators, GDP
growth per capita disposable income growth

rate, rate,
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dependence on domestic trade, proportion of foreign investment,
dependence on foreign trade, and marketization level were used to
represent. Finally, in the establishment of shared indicators, we
selected the proportion of labor remuneration to people’s livelihood
fiscal expenditure, unemployment rate, and urban-rural income
The calculation method
corresponding to specific indicators is shown in Table 1.

difference  level to measure.
In calculating the comprehensive index, this paper uses the
entropy weight method for the calculation to avoid possible errors in
human subjective calculation. The specific calculation process is
outlined as follows. The selected city’s raw data undergo a
dimensionless treatment in the first step.
As for the positive indicators, the calculation is defined as
Equation 5:
Zyij = (Xij -

Xmin)/ (X max Xmin) (5)

For the negative indicators, the calculation formula is expressed
as Equation 6:

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1281357

Chang and Wang

Z/lij = (X max — XAij)/ (X max Xmin) (6)

The second step involves calculating the weight of the j indicator
for the i year.

h m
Py = ZAij/Z*ZZ)uj (7)
il

The third step entails calculating the entropy weight for the j
indicator.

Ej: —kz*z*PM]’ In P/\,'j (8)
A=1 i=1

Among them, k= 1/In(h*m)
The fourth step involves calculating the weight for the j

indicator.
W, =D,/yD; (10)
=
The fifth step entails calculating the comprehensive index.
30
GHDy; = Y *W *Xy; (11)

i=1

Where i denotes the province, and j signifies the measurement
index. Ultimately, we compute the regional GHD, which falls within
the range of 0-1. A higher index value indicates a greater level of
GHD, while conversely, a lower value suggests a lower development
level.

4.2.2 Explanatory variable

The explanatory variable pertains to whether the city qualifies as
a dual-pilot city for both carbon emission trading and free trade zone
policies. Upon the fulfillment of both criteria, the variable is assigned
a value of 1. To clarify, this requires the city to hold the status of a
dual-pilot city for both Carbon Emission Trading and Free Trade
Zone Policies. Moreover, the year must correspond to the year in
which the dual-pilot policy was implemented and beyond.
Conversely, when the variables cannot satisfy the conditions
above simultaneously, the value is assigned as 0. Likewise, the
assignment principles for variable Treat; x Post; in the context
of individual pilot policy assessments for free trade zones and carbon
emission trading are outlined as follows: If a city is designated as a
pilot city, the variable is set to 1 for both the current and
forthcoming years and 0 otherwise.

4.2.3 Control variables

Drawing on the research of Zhang (Zhang et al., 2022), Jiang
etal. (Jiang et al., 2020) and Yu et al. (Yu et al., 2021), the following
variables are selected as control variables: Level of economic
development (pgdp): expressed as the logarithm of per capita
gross regional product. Financial development level (Infinance):
measured by the ratio of the loan balance of financial institutions
at the end of the year to regional GDP; government intervention
(govern): measured by taking the logarithm of the ratio of regional
fiscal expenditure to GDP. Human capital (human): represented by
the per capita education level in each region). Capital investment
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TABLE 2 Descriptive statistics.

Variables N Mean Std Min Max
GHD 390 0.3279 0.1128 0.1771 0.7804
pgdp 390 10.6865 05316 9.0852 12.0130

Infinance 390 | 1063717 | 05303759  9.179,572  12.01303
human 390 9.0528 0.9829 6.7639 12.7820
investment 390 0.9241 0.9968 0.1418 73793
govern 390 3.1524 0.3970 23004 4.3285
open 390 53729 1.6741 ~1.2203 7.7219

(investment): expressed as the proportion of foreign investment in
GDP. Openness (open): Expressed by the logarithm of foreign direct
investment.

4.2.4 Mediator variables

The selected mediating variables in this study are Technological
Innovation Ability (TIA) and Rational Structure of Production.
(RSP) The selection of the innovation capability indicator draws
on the approach of Ayvaz and Over (Ayvaz and Over, 2023). The
measurement employs the proportion of internal R&D expenditures
to GDP across various provinces. Innovation often demands
ongoing and R&D
expenditure directly reflects a region’s level of resource allocation

research and development activities,
towards scientific research, technological development, and
innovation. Subsequently, the indicator for rationalizing the
structure of production is determined. Changes in the industrial
structure reflect the degree of coordination between industries, the
concentration of the industrial structure, and the rationality and
This
simultaneously indicates the level of coordination between

effectiveness of resource allocation. rationalization
industries and the efficient utilization of resources. It serves as an
indicator for assessing the coupling between factor input and output
structures. By adjusting the industrial structure, regions can reduce
reliance on limited resources, achieving a balance between economic
development and resource conservation. In line with the
methodology outlined by Zheng et al. (Zheng et al, 2021), use
the Theil index to quantify this indicator. The Theil index effectively
captures the dispersion of a variable across subgroups while
considering their relative sizes. It provides insights into the
concentration and distribution of resources within the industrial
structure, thus reflecting the extent to which the production

structure has been rationalized.

4.2.5 Data sources

In this study, we utilize panel data from 30 Chinese provinces
spanning the years 2008-2020. Among them, for the sake of data
integrity, this paper does not take samples from Hong Kong, Macao,
Taiwan, and Tibet into account. The data collected in this article
come from the official website of the National Bureau of Statistics of
China, the statistical yearbooks of various provinces, the CSMAR
database, the “China Energy Statistical Yearbook,” and the “China
Industrial Statistical Yearbook.” Everyone can openly obtain the
data used in this article through the official website (http://www.
stats.gov.cn). The samples with missing individual data were
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TABLE 3 Benchmark regression results.

Variables

10.3389/fenvs.2023.1281357

Treat; x Post; 0.0244* 0.0310%* 0.0240*%* 0.0209*** 0.1886*** 0.0617**%
(0.0126) (0.0070) (0.0068) (0.0074) (0.0252) (0.0102)
pgdp —0.1313*** —-0.0225 -0.0013 — — —
(0.0239) (0.0173) (0.0176) — — —
Infinance 0.2718*** 0.0940*** 0.0826** — — —
(0.0263) (0.0176) (0.0276) — — —
human 0.0542*** —-0.0038 —-0.0064 — — —
(0.0047) (0.0046) (0.0067) — — —
investment -0.0000 —0.0330*** —0.0334*** — — —
(0.0026) (0.0042) (0.0041) — — —
govern 0.0355%** 0.0038 0.0416** — — —
(0.0135) (0.0121) (0.0172) — — —
open 0.0067** 0.0107*** 0.0111*%* — — —
(0.0029) (0.0025) (0.0023) — — —
Control variable YES YES YES NO NO NO
City-fixed effect NO YES YES YES NO YES
Year-fixed effect YES NO YES YES YES NO
Constant —1.6952*** —0.4379*** —0.6163*** 0.2992*** 0.2992*** 0.3249*
(0.1184) (0.0402) (0.2061) (0.0040) (0.0191) (0.0017)
R’ 0.8258 0.6263 0.6853 0.5844 0.1695 0.0930
N 390 390 390 390 390 390

Note: ***, **, * denote significant at the 1%, 5%, and 10% levels, respectively.

supplemented by linear interpolation. Table 2 describes the
associated data’s specific indicator variables and descriptive
statistics.

5 Empirical analysis
5.1 Benchmark regression

We conduct benchmark regression analysis based on Model (1)
to assess the influence of the dual pilot policy on regional GHD.
Table 3 presents the baseline regression outcomes. Columns (1)-(3)
incorporate control variables in the analysis. Subsequently,
empirical analysis is conducted while exclusively controlling the
year-fixed effect, then the city-fixed effect, and both cases
simultaneously. Columns (4)-(6) represent the results of
repeating the steps above without considering the influence of
control variables. Notably, regardless of the scenario, the
regression coefficient of the primary explanatory variable is
consistently and significantly positive. The outcome demonstrates
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that the dual-pilot policy involving both the free trade zone city pilot
and the carbon emission trading city pilot has a significantly positive
impact on regional GHD. When considering control variables and
the dual fixed effects, the net effect of the dual-pilot policy on GHD
is approximately 2.4%, signifying a substantial promotion of the
city’s green development. Therefore, hypothesis 1 is affirmed.

5.2 Parallel trend test and dynamic effect
analysis

The prerequisite for employing the DID (Difference-in-
Differences) method is to fulfill the parallel trend assumption.
In essence, when there is no policy intervention, the trajectory of
the dependent variable should follow a similar pattern in both the
treatment group and the control group. Consequently, this study
applies the approach outlined by Beck et al. (Beck et al., 2010) and
utilizes event study analysis (ESA) to formulate a dynamic
hypothesis testing model for verification. The pertinent
models established are as follows:
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FIGURE 1
Parallel trend test.

N
GHDj, = f3, + Z(ptPolicyit + B,Controly + 1, +y, + & (12)
™

Among these variables, Policy; represents the policy dummy
variable. When a city implements a dual-pilot policy in a specific
year, its value is set to 1. The meanings of the remaining variables
align with those in the baseline regression equation. It is
important to note that due to limited data availability for the
7 years before and 6 years after policy implementation, these
periods were combined. In particular, this study consolidates
data from the 7 years preceding policy implementation into a
seventh period and data from the 6 years following policy
implementation into a sixth period. In this configuration, N
takes on the value of 6, while M is designated as 7.

Furthermore, to ensure the robustness of the experimental
results, this study adopts the approach proposed by Wang et al.
(Wang et al., 2022), taking the year before policy implementation
as the base year. The results of the parallel trend test shown in
Figure 1 indicate that the corresponding coefficients for the
7 years before and 6 years after the construction of the dual-
pilot cities did not pass the significance test. The result implies
that during this period, the changing trends in the levels of GHD
between the treatment and control groups adhere to the parallel
trend assumption.

From the perspective of dynamic effects, the promotion effect
on the core explanatory variables is not obvious within 2 years
after the construction of the dual-policy pilot cities. However,
from the third year to the sixth year, the coefficient of the core
explanatory variable was always positive and passed the
significance test. The result shows that there may be a lag in
the policy effect of the dual-pilot cities, and the obvious
promotion effect appears in the third year after the pilot. It
can be seen from the trend chart that the promotion effect on the
core explanatory variables is increasing year by year. Therefore,
on the whole, the dual-pilot policy has significantly improved the
level of urban green development. However, this effect has a
certain time lag, and the positive and significant effect does not
appear until the third year after implementing the policy.
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Placebo test with 500 regressions.
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FIGURE 3
Placebo test with 1,000 regressions.

5.3 Placebo test

When applying the DID method, certain unobservable urban
characteristics that change over time may influence the baseline
regression results. However, there are variations in characteristics
among each city, and it is not practical to include all potential
control variables that could affect the benchmark regression results
in the model aggregation. Therefore, this study employs a placebo
test to mitigate potential interference from unobservable or omitted
variables. This methodology is referenced in the work of Li et al. (Li
etal,, 2016). Specifically, the placebo test involves randomly selecting
an equivalent number of placebo-treated units from the sample as in
the experimental group. The remaining entities are then assigned as
the control group. Subsequently, multiple interactions are formed
based on the experimentally chosen placebo-treated units and the
year corresponding to the dual-pilot implementation. With all other
these
incorporated into the baseline regression model for analysis.

control variables held constant, interaction terms are

Figure 2 and Figure 3 describe the distribution results of the
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FIGURE 4
Comparison of standard deviation before and after matching.

regression coefficient of Treat; x Post, after repeating the above
experiment 500 and 1,000 times, respectively.

The figures show that most regression coefficients cluster
around zero and conform to a normal distribution. Most
regression outcomes do not exhibit statistical significance. In
contrast, the coefficient estimates from the baseline regression are
positioned in the tail of the normal distribution, indicating that they
represent low-probability events within the placebo test. This
evidence allows us to reject the hypothesis that the baseline
estimation results are driven by unobservable factors, further
enhancing the credibility of the baseline regression outcomes.

5.4 Robustness test

(1) The propensity score matching difference-in-difference method
(PSM-DID)

The disparities between dual-pilot cities and non-pilot cities in terms
of the economic scale, degree of openness, and financial development
could directly impact the estimation of policy effects in this study. Given
the potential for sample selection bias to affect the effectiveness of policy
assessment, this paper employs a combination of Propensity Score
Matching (PSM) and Difference-in-Differences (DID) methods to
enhance the similarity between the experimental and control groups
to increase the reliability of baseline regression results. Specifically, this
study employs control variables as covariates and uses the dual-pilot
policy status as a dummy variable. Covariate matching uses a radius
matching approach, retaining samples within a common value range.
Within this common value range, the samples are further subjected to a
multi-period difference-in-differences (PSM-DID) model to identify the
true impact of the dual-pilot policies on GHD in the pilot cities after PSM.

The results of the matched standard deviation are illustrated in
Figure 4. Following the matching process, a noticeable reduction in
the standard deviation is observed, with the majority of values falling
within a 10% range. It implies that, after matching the samples based
on their propensity scores, the experimental and control groups are
more comparable, meeting the requirement for comparability. Table 4
presents the estimation results based on the PSM-DID method using a
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TABLE 4 Regression results of PSM-DID test.

Variables

Treat; x Post; 0.0176** 0.0230%**
(0.0083) (0.0076)
pgdp -0.0056
(0.0178)
Infinance 0.0904**
(0.0279)
human -0.0053
(0.0067)
investment —0.0337***
(0.0041)
govern 0.0458***
(0.0173)
open 0.0109***
(0.0023)
Control variable NO YES
City-fixed effect YES YES
Year-fixed effect YES YES
Constant 0.2962* —0.6721**
(0.0040) (0.2069)
R’ 0.5705 0.6766
N 384 384

x5 % denote significant at the 1%, 5%, and 10% levels, respectively

radius-matching approach. It can be observed that, both before and
after adding control variables, the estimated coefficient for the variable
Treat; x Post, remains positive at the 1% and 5% significance levels,
consistent with the baseline regression results. It once again proves
that establishing dual-pilot cities contributes to improving regional
green development.

(2) Lag the explanation variable

To further verify the robustness of the experimental results, this
article conducted a time lag analysis on policy dummy variables.
Table 5 shows the results of robustness tests lagging the explanatory
variables for one to three periods. The regression results show that
after adding control variables and controlling city-fixed effects and
year-fixed effects, the estimated coefficient of Treat; x Post; is still
positive at the 1% significance. And the coefficient value increases
gradually with the lag time increasing. It shows that the
establishment of dual-pilot policy cities will help improve the
level of regional green development. This effect has a time trend
effect. That is, as time goes by, the positive effect of the policy
continues to increase gradually.
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TABLE 5 Test results of lagged effects.

Variables

10.3389/fenvs.2023.1281357

Treat; x Post; 0.0222%** 0.0233*** 0.0309***
(0.0072) (0.0073) (0.0076)
pgdp ~0.0030 ~0.0062 ~0.0055
(0.0186) (0.0186) (0.0183)
Infinance 0.0964*** 0.0804** 0.0822**
(0.0313) (0.0341) (0.0375)
human -0.0087 —-0.0120 —-0.0095
(0.0073) (0.0077) (0.0078)
investment —0.0340*** —0.0291*** —0.0226***
(0.0047) (0.0049) (0.0053)
govern 0.0518** 0.0564*** 0.0730***
(0.0193) (0.0208) (0.0213)
open 0.0105* 0.0097*** 0.0071**
(0.0026) (0.0028) (0.0030)
Control varijable YES YES YES
City-fixed effect YES YES YES
Year-fixed effect YES YES YES
Constant —0.7581*** —0.5597* —0.6532*
(0.2482) (0.2894) (0.3365)
R 0.6698 0.6443 0.6250
N 360 330 300

Note: ***, **, * denote significant at the 1%, 5%, and 10% levels, respectively.

5.5 Mechanism inspection

This paper evaluates the impact of the dual-pilot policy on the
regional green development level through the multi-period
difference-in-differences method and a series of robustness
tests. It confirms that the dual-pilot policy is conducive to
promoting the GHD of the pilot cities. However, it is worth
considering what kind of intermediate mechanism the dual-pilot
policy project promotes the GHD of the city. By exploring its
internal mechanism, it can gain an in-depth understanding of the
relationship between the dual-pilot policy program and the GHD
of the city’s inner relationship. With the help of the mechanism
analysis of the theoretical part, the intermediate transmission
mechanism is verified from the two paths of technical effect and
structural effect.

The mechanism’s effectiveness is verified through the
mediation effect model constructed above. Table 6 shows the
regression results of the mediation effect. It can be seen from
the table that the coefficients of Treat; x Post, in columns (2) and
(4) are both positive at the significance level of 1% and 5%, which
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shows that the dual-pilot policy can significantly improve the city’s
technological innovation capabilities and rationalize the industrial
structure. For the intermediary variable of technological
innovation ability (TIA), combined with the intermediary effect
theory mentioned above, it can be seen that the coefficient of TIA
in column (3) is positive at the 5% significance level, which shows
that the intermediary effect exists. The estimated coefficient of
Treat; x Post, (0.0240) in column (1) is significantly greater than
the estimated coefficient of Treat; x Post; (0.0192) in column (3),
which shows that the mediation effect is partial. In the same way, it
can be seen that there is also a partial mediation effect on the
intermediary variable of industrial structure rationalization.
Furthermore, it can be seen through a calculation that the
proportions  of innovation capability and
industrial structure optimization mechanisms are 19.98% and

technological

19.15%, respectively. The results show that the dual-pilot policy
city has a similar mediating effect on promoting urban GHD,
technological ability and industrial
rationalization, but the effect of technological innovation ability
is more prominent.

innovation structure
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TABLE 6 Mediating effect analysis.

Variables

10.3389/fenvs.2023.1281357

Treat; x Post, 0.0240*%% 0.0036*** 0.01924*% 0.0492** 0.0194**%
(0.0068) (0.0006) (0.0071) (0.0193) (0.0066)
TIA 1.3318**
(0.6370)
RSP 0.0934*
(0.0184)
pgdp -0.0013 0.0003 -0.0017 0.0668 —-0.0076
(0.0176) (0.0015) (0.0175) (0.0502) (0.0171)
Infinance 0.0826*** —-0.0032 0.0869*** —0.1545** 0.0970***
(0.0276) (0.0023) (0.0275) (0.0785) (0.0268)
human —-0.0064 —-0.0001 —-0.0063 —-0.0068 -0.0057
(0.0067) (0.0006) (0.0066) (0.0190) (0.0064)
investment —0.0334*** —-0.0006* —0.0325%** 0.0003 —0.0334***
(0.0041) (0.0004) (0.0041) (0.0118) (0.0040)
govern 0.0416** —-0.0027* 0.0452* 0.0263 0.0392**
(0.0172) (0.0015) (0.0172) (0.0488) (0.0166)
open 0.0111%%* 0.0009*** 0.0099*** 0.0051 0.0106%**
(0.0023) (0.0002) (0.0024) (0.0066) (0.0023)
Control variable YES YES YES YES YES
City-fixed effect YES YES YES YES YES
Year-fixed effect YES YES YES YES YES
Constant —0.6163*** 0.0455* —0.6768*** 1.0337* —0.7128***
(0.2061) (0.0174) (0.2071) (0.5865) (0.1999)
R? 0.6853 0.6822 0.6893 0.4782 0.7075
N 390 390 390 390 390

Note: ***, **, * denote significant at the 1%, 5%, and 10% levels, respectively.

6 Further analysis

The above analysis has validated the impact of the dual-pilot
policy in city pilots on urban GHD. This section will delve deeper
into exploring the synergistic effects of carbon emissions trading city
pilot policies and free trade zone city pilot policies. Specifically, we
aim to determine whether the dual-pilot policy involving both
carbon emissions trading cities and free trade zone cities is more
effective than a single pilot policy.

6.1 Policy effects of individual free trade
zone city pilot

The first is to consider the effectiveness of the single policy of the pilot
free trade zone. Based on the construction of the benchmark model, this
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paper establishes a model suitable for testing the effectiveness of the single
free trade zone policy. The specific model is as follows:

GHDj; = ¢, + ¢,DID, + ¢,Controly + m; + p, + Ty (13)

Among them, DID; represents the policy dummy variable, it
represents the dummy variable of the single free trade zone policy.
The coefficient ¢, represents the impact of implementing a single
free trade zone policy on the green and high-quality development of
cities. 71; represents individual fixed effects. p, represents individual
fixed effects. 7 is the error term. Table 7 lists the regression results
of testing the effect of a single free trade zone policy on urban GHD.
Columns (1) and (2) are the regression results of whether control
variables are added to the model for double fixed effects. It can be
seen that the coefficients of the core explanatory variables in both
cases are positive at the 10% and 1% significance levels. Columns (3)
and (4) are the regression results of lagging the free trade area policy
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TABLE 7 Policy effects of individual free trade zone city pilots.

Variables

10.3389/fenvs.2023.1281357

DID, 0.0074* 0.0113*
(0.0044) (0.0039)
L.DID, 0.0113***
(0.0043)
L2.DID, 0.0134*
(0.0049)
pgdp —-0.0053 -0.0078 -0.0123
(0.0179) (0.0189) (0.0189)
Infinance 0.0810%** 0.0974%* 0.0835**
(0.0278) (0.0317) (0.0346)
human -0.0035 -0.0059 —-0.0096
(0.0067) (0.0072) (0.0076)
investment —0.0347*** —0.0349*** —0.0293***
(0.0042) (0.0047) (0.0049)
govern 0.0455* 0.0555*** 0.0602**
(0.0172) (0.0193) (0.0209)
open 0.01150* 0.0103*** 0.0094*
(0.0024) (0.0026) (0.0028)
Control variable NO YES YES YES
City-fixed effect YES YES YES YES
Year-fixed effect YES YES YES YES
Constant 0.2992%** —0.5953*** —0.7536*** —0.5595*
(0.0040) (0.2072) (0.2495) (0.2911)
R? 0.5782 0.6815 0.6668 0.6413
N 390 390 360 330

Note: ***, **, * denote significant at the 1%, 5%, and 10% levels, respectively.

variable for period 1 and period 2. It can also be seen that the
regression coefficients of the core explanatory variables in these two
cases are still positive at the 1% significance level, which indicates
that a single free trade zone policy can still promote urban GHD.
However, judging from the magnitude of the coefficient change,
there is no significant change, which shows that the single free trade
zone policy will not greatly impact cities’ GHD.

6.2 Policy effects of individual carbon
emissions trading city pilot

The second is to test the effectiveness of a single carbon

emissions trading pilot policy. Similarly, following the above
model construction method, construct a model suitable for the

Frontiers in Environmental Science

effectiveness test of a single carbon emissions trading policy, as
shown below:

GHD;; = wy + w;DID, + w,Control, + m; + p, + Ty (14)

Among them, DID, represents the policy dummy variable, it
represents the dummy variable of the single carbon emissions
trading pilot policy. The coefficient w; represents the impact of
implementing a single carbon emission trading policy on the
green and high-quality development of cities. The significance of
other variables is consistent with the explanation in the model
model (13). The test outcomes are presented in Table 8 below.
Similarly, the table demonstrates that, under all circumstances,
the carbon emission trading pilot policy significantly enhances
the GHD of cities. However, it is worth noting that as the
explanatory variable’s time lag increases, the coefficient
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Variables

TABLE 8 Policy effects of individual carbon emissions trading city pilot.

10.3389/fenvs.2023.1281357

DID, 0.0131** 0.0122*
(0.0066) (0.0063)
L.DID, 0.0183***
(0.0066)
L2.DID, 0.0123*
(0.0067)
pgdp -0.0015 —0.0046 -0.0075
(0.0179) (0.0187) (0.0189)
Infinance 0.0800*** 0.0977%* 0.0759**
(0.0283) (0.0316) (0.0347)
human —-0.0068 -0.0109 -0.0123
(0.0069) (0.0075) (0.0080)
investment —0.0334*** —0.0331*** —0.0285***
(0.0042) (0.0047) (0.0050)
govern 0.0442** 0.0493** 0.0531**
(0.0174) (0.0194) (0.0210)
open 0.0106*** 0.0099*** 0.0093***
(0.0024) (0.0026) (0.0029)
Control variable NO YES YES YES
City-fixed effect YES YES YES YES
Year-fixed effect YES YES YES YES
Constant 0.2992%** —0.5898*** —0.7268*** —0.4866*
(0.0040) (0.2098) (0.2483) (0.2915)
R? 0.5796 0.6772 0.6678 0.6360
N 390 390 360 330

Note: ***, **, * denote significant at the 1%, 5%, and 10% levels, respectively.

progressively diminishes. In other words, while the sole carbon
emission trading pilot policy positively impacts the GHD of
cities, this effect gradually diminishes over time.

6.3 The synergistic effect of the dual-pilot
policy

Finally, this paper further examines and proves that dual pilots
are more effective than single pilots. Refer to the method of Zhang
etal. (Zhang and Fan, 2023), and the specific operation is as follows:
eliminate the samples that are neither carbon emissions trading
policy pilot cities nor free trade zone pilot cities, and keep the
samples that are already carbon emissions trading city pilots or free
trade zone pilot cities. Meanwhile, the coefficient of DIDj represents

Frontiers in Environmental Science

the net effect of a single pilot city becoming a dual-pilot city on
urban GHD. The model constructed to measure the synergistic
effect of dual policies is as follows:

GHD;, = 90 + 61DID3 + 92Control;t + 7+ ppt+ Tie (15)

Among them, the coefficient 0; represents the impact of
implementing the dual pilot policy on the green and high-quality
development of cities. The significance of other variables is
consistent with the explanation in the model (13). The results are
shown in Table 9. Columns (1) and (2) are the regression results
without adding control variables and adding control variables,
respectively. Columns (3) and (4) are the explanatory variables
lagged by 1 Phase and lag 2 trial results. The results show that
no matter the situation, the transformation of a single-pilot city into
a dual-pilot city has a significant role in promoting the GHD of the
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TABLE 9 Comparative analysis of dual-pilot and single-pilot.

Variables

10.3389/fenvs.2023.1281357

DID; 0.0211* 0.0238***
(0.0076) (0.0065)
L.DID; 0.0227***
(0.0070)
L2.DIDs 0.0237*
(0.0070)
pgdp 0.0064 0.0090 0.0096
(0.0215) (0.0235) (0.0234)
Infinance 0.0946** 0.1068*** 0.0795*
(0.0329) (0.0389) (0.0425)
human —0.0218*** —0.0225** —0.0252***
(0.0082) (0.0092) (0.0095)
investment —0.0426*** —0.0450*** —0.0407***
(0.0041) (0.0048) (0.0050)
govern 0.0409** 0.0507** 0.0526**
(0.0187) (0.0209) (0.0217)
open 0.0095%** 0.0083** 0.0076**
(0.0032) (0.0036) (0.0037)
Control variable NO YES YES YES
City-fixed effect YES YES YES YES
Year-fixed effect YES YES YES YES
Constant 0.3389*** —0.6397*** —0.8084*** —-0.5381
(0.0050) (0.2365) (0.2924) (0.3408)
R? 0.5961 0.7504 0.7297 0.7277
N 247 247 228 209

Note: ***, **, * denote significant at the 1%, 5%, and 10% levels, respectively.

city. Compared with the single use of the carbon emissions trading
policy or the free trade zone policy, the coefficients of the core
explanatory variables have increased significantly compared with
the previous coefficients. The results still show a gradual increase
after a lag of 2 periods, which shows that the dual-pilot is more
effective than just a single pilot policy effect.

Based on the preceding analysis, this study identifies the
following observations: Primarily, the city-specific pilot policy
for carbon emissions trading and the single-city pilot policy for
free trade zones both contribute to the advancement of urban
GHD. Secondly, it is evident that the dual-pilot policy yields
superior effectiveness compared to its single-pilot counterpart.
Specifically, the combination of the single-city pilot policy for
carbon emissions trading and the single-city pilot policy for free
trade zones manifests a synergistic effect on the promotion
of GHD.
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7 Conclusion and policy suggestions

The Chinese government has introduced a series of policies to
promote high-quality and sustainable economic development.
Among them, the carbon emission trading policy primarily aims
to eliminate emissions of pollutants from highly polluting
enterprises at the source, directly impacting green development.
Meanwhile, the policy for free trade zones responds to the goal of
achieving GHD, proposing a new functional orientation for green
free trade zones. This initiative strengthens its impact on economic
development and prioritizes green development, serving as a
significant driving force for promoting urban GHD. This study
differs from the previous investigation of a single policy, focusing on
the synergistic effect mechanism of the dual pilot policies of carbon
emission cities and free trade zone cities. The results indicate, firstly,
that policy synergy significantly promotes urban GHD, exhibiting
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more prominent performance compared to single-policy pilot
projects. Secondly, the dual-pilot policy is mainly used to
promote the improvement of regional innovation capabilities and
the rationalization of industrial structure to improve regional GHD.
These two approaches are partially intermediate in realizing
urban GHD.

The research findings have important policy implications for
China’s dual-carbon goals. Firstly, the government should consider
the coordinating effects of a series of policy measures. While
examining individual policies, attention should also be paid to
the synergies among other related policies, thereby greatly
enhancing the effectiveness of policy implementation. Secondly,
emphasis should be placed on the enhancement of innovation
capabilities. Technological innovation is a crucial driver for
carbon reduction and achieving urban GHD. Given the dual
externalities of environmental and social benefits based on
technological innovation, policy support should be intensified to
stimulate the green innovation momentum of market entities.
Increasing support for relevant policies is necessary for cities
with strong green innovation development, encouraging them to
leverage their advantages and vigorously engage in green
technological innovation. For cities with weaker foundations,
additional investment in innovation capital should be increased
based on policy guidance.

Furthermore, optimizing and upgrading urban industrial
structures is crucial. The rationalization of the industrial
structure was found to be a significant pathway for the dual pilot
policies to enhance urban green and high-quality development.
Therefore, it is necessary to increase support for tertiary
industries, such as producers and high-end services in urban
development.  Vigorously develop and cultivate green
environmental  protection industries and promote the
development of industries to green. The industrial structure is
not only transformed and upgraded in quantity but also can
match the high-quality economic development and truly provide
industrial structural support for the high-quality economic
development. Meanwhile, it is necessary to speed up the
elimination of backward production capacity and strengthen the
governance of industries with excess production capacity.
Transformation and upgrading should be accelerated, especially
for industries with heavy environmental pollution and high
resource consumption.

Despite our efforts to comprehensively elaborate on the
relationship between the dual-policy pilot projects and urban
GHD, this study still carries certain limitations. Firstly, although
we have adopted indicators that comprehensively reflect GHD in
constructing the indicator system, some crucial indicators might still
be overlooked. Secondly, constrained by data completeness, this
paper relies on reliable data at the provincial level in China without
covering more detailed prefectural and municipal levels. Data at the

municipal level may better reflect the realities of the policies. Future
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