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Sustainable development policies serve as the primary driver for the
transformation and upgrading of resource-based cities (RBCs). This study
analyzes how China’s Sustainable Development Plan of Resource-Based
Cities, 2013-2020(SDPRC), which was implemented in 2013, affects the
industrial structure upgrading in Chinese Resource-Based Cities. Taking
SDPRC as a quasi-natural experiment, we assess this effect by using the panel
data of prefecture-level cities from 2007 to 2023. The results of the study found
that: (1) the coefficient of SDPRC on the RBC’s industrial structure upgrading is
positive and passes the significance level test, indicating that SDPRC promotes
the industrial structure upgrading of RBCs. (2) The SDPRC promotes the industrial
structure upgrading of RBC through the green technology innovation effect, the
human resource effect, and the FDI effect. (3) In the heterogeneity analysis, it is
found that the promotion effect of SDPRCon the industrial structure upgrading of
RBCs is significant in RBCs located at the southeast side of Hu Huanyong Line.
The effect of policies on promoting industrial structure upgrading is also more
pronounced in regions with higher per capita GDP. This paper enriches the
empirical and theoretical support on how sustainable development policies
facilitate the industrial structure upgrading of RBCs, while providing valuable
insights for RBCs in other countries seeking transformative development.
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1 Introduction

Cities are centers of local politics, economy, education, science, culture, information,
and administration. The sustainable development of cities is an important force in
promoting economic development (Ruan et al., 2020). It not only promotes urban
prosperity, and protects the environment, but also promotes the harmonious
development of human-nature relations. Among all cities, RBCs faces more serious
sustainability problems than other cities. Because of their rich natural resources (such
as coal, oil, forests, metals, and so on), RBCs provides essential materials for production,
promoting the local economic prosperity. However, in recent years, those types of cities
have caused a lot of problems due to their high dependence on local resources, the
unsustainability of these cities is globally recognized. Affected by multiple factors, such as
the non-renewable nature of resources, the singularity of urban industrial structure, and
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changes in market demand, some RBCs have relatively low
technological efficiency, low employment, and urban contraction,
failing to achieve sustainable and high-quality development. This
urban development phenomenon was labeled “pollute now, clean
later” (Yu et al., 2016). Therefore, how to help RBCs realize an
efficient and environmentally friendly economic development
model is worth studying.

Most RBCs have developed a very homogenous industrial
structure centered around the extraction and processing of local
natural resources. Moreover, the employment of residents depends
on the local heavy industry, which limits the development of other
industries and prevents the establishment of a sound economic
structure. At the same time, natural resources are non-renewable,
and after a period of irrational overexploitation, these resources are
eventually depleted (Li et al., 2013), which results in the collapse of
local industries, economic recession, and urban shrinkage
(Martinez-Fernandez et al., 2012; He et al., 2017). In addition,
these cities face serious environmental problems, including
industrial pollution emissions, deforestation, and ground
subsidence. Poor economic conditions also adversely affect social
welfare such as healthcare services, employment support, and
education (Yu et al., 2016).

RBCs accounts for about 40% of China’s cities. As China’s
important strategic guarantee base for energy resources, in the
early stage, RBCs provided a large number of resources for
China’s industrialization, which is an important support for
national economic development. Therefore, the transformation
and sustainability development of these cities is an important
issue in China’s economic policy. China has always attached
great importance to the sustainable development of RBCs. As
early as 2001, the “10th Five-Year Plan” mentioned the need to
adjust the secondary industrial proportion in the traditional
industrial bases of the northeast region in China. When it comes
to 2013, the State Council promulgated the SDPRC, which
comprehensively proposed the measures and objectives of the
transformation of RBCs for the first time. The SDPRC identified
China’s RBCs into four categories: growth, maturity, decline, and
regeneration, which laid the foundation guiding those cities’ next
phase of development. Continuous structural adjustment is a
necessary step for economic growth and a prerequisite for China
to maintain high-quality development. Accordingly, in the SDPRC,
industrial structure transformation is one of the five key tasks,
aiming to reform the single industrial structure and weak
endogenous power in those particular cities. In this context, this
paper speculates that the launch and implementation of the SDPRC
can promote industrial structure upgrading in these cities.

Within the literature on policy effects in RBCs, existing studies
include reviews of China’s RBCs development policies (Li et al.,
2013), case analyses discussing the development and transformation
of specific Chinese RBCs (Yu et al., 2016; He et al., 2017), while some
research concentrates on the provincial level (Zhang et al., 2018).
The majority of evaluations regarding the effectiveness of policies
targeting RBCs in China have focused on the policy introduced in

2007 specifically aimed at resource-exhausted cities (Sun and Liao,
2021; Yang et al., 2021; Yu et al., 2022; Shen et al., 2023). When it
comes to the research on SDPRC, the existing research has studied
on company’s green technological behavior (Sun et al., 2023); ESG
performance (Wang et al., 2023); carbon emissions (Zheng and Ge,
2022); industrial transformation (Li et al., 2021).

Although existing studies have touched upon the issue of
industrial restructuring in RBCs, their data coverage remains
relatively outdated, and the exploration of underlying
mechanisms is insufficient. Current research has only identified
that policies alleviate resource dependency, thereby improving the
proportion of the secondary industry in GDP. Otherwise, research
on which key mechanisms play a role in the impact of policies on the
industrial restructuring of RBCs remains insufficient. Furthermore,
previous studies on the economic transformation of such cities have
paid relatively little attention to the role of green technological
innovation. As a unique category facing dual pressures from
economic and environmental challenges, RBCs cannot be
simplistically assumed to benefit from general technological
innovation alone. Instead, it is essential to explore whether green
technological innovation specifically can serve as an effective
mechanism, thereby providing a clear direction for the
sustainable development of RBCs in the future. Meanwhile, this
study provides a detailed examination of the mechanisms through
which the policy effects operate. It incorporates both human capital
and foreign direct investment (FDI) into a unified analytical
framework, enabling a more nuanced and multi-faceted
investigation.

To fill this gap, our contributions are as follows: (1) By using the
latest data, this study treats the SDPRC as a quasi-natural
experiment, adopt difference-in-difference (DID) to identify its
net effect on industrial structure upgrading of RBCs. (2) We
examine the mechanistic roles of green technological innovation,
human capital, and FDI in this process, thereby providing more
specific pathways for industrial structure upgrading in RBCs. This
analysis can also offer valuable insights for the transformation of
resource-dependent cities in other countries. (3) Besides, the
heterogeneous analysis concludes dual aspects of geographical
features and economic attributes of the sample cities. We utilize
the HuHuanyong Line and regional economic development levels to
examine whether the policy effects vary across RBCs located in
different geographical positions and with different economic
conditions.

The rest of this study is organized as follows: Section 2 presents
the policy background. Section 3 is a literature review. Section 4
illustrates the theory hypothesis and describes the methodology and
data. Sections 5,6 present a discussion of the empirical findings.
Section 7 concludes discussion and conclusion.

2 Policy background

RBCs have made a historic contribution to the industrialization
and modernization of China by providing raw materials such as
minerals, forests, and oil, as well as processed goods based on local
resources. However, the overconsumption of resources, weak
industrial growth, and the aggravation of environmental
problems have hindered the development of RBCs. Therefore, at

Abbreviations: SDPRC, China’s Sustainable Development Plan of Resource-
Based Cities, 2013-2020; RBCs, Resource-Based Cities; FDI, Foreign Direct
Investment; DID, Difference-in-difference.
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the critical moment when China’s economic development has
entered a new stage, it is an urgent mission for RBCs to promote
the transformation of industrial structure and economic
development mode. In this regard, as early as 2000, China had
paid considerable attention to RBCs’ sustainability and continuously
introduced policies to promote that.

In 2013, SDPRC was released, as a programmatic document for
the transformation of RBCs in China during the 13th Five-Year Plan
period. SDPRC identifies Chinese RBCs and provides amore specific
definition: RBCs are cities that focus on the development,
processing, and utilization of minerals, forests and other
resources in the region. By the current situation of the resource
stocks and utilization situation, the State Council finally identified
262 RBCs, including large and medium-sized cities, and defined
them into four categories: Maturity (54%),Growth (12%), Decline
(25%), and Regeneration (9%) (He et al., 2017). Figure 1 illustrates
the geographical distribution of the four types of resource-based
cities across China.

The policy proposed the economic, social livelihood, and
environmental indicators for RBCs, aiming to shift economic
mode from extensive to intensive, and also realize green and
sustainable growth. In terms of economy, it emphasizes
improving the added value of resource-based products and
building a diversified industrial system, which is conducive to the
benign development of local industries and promotes low-carbon
development. In terms of society and people’s livelihood, it
emphasizes controlling the total emission of major pollutants,
improving the infrastructure and public service system,
strengthening the transformation of shanty towns, and raising
both urban and rural residents’ income levels and social security
levels. An important goal of the sustainable development strategy for
RBCs is to promote industrial structure upgrading and to establish a
mechanism for the sustainable development of RBCs.

In summary, from the beginning of 2000, China began to carry
out the support policies for RBCs. Through more than a decade of
managing the transformation of RBCs, the Chinese government has

FIGURE 1
Distribution of four types of RBCs in China.
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gained a certain amount of experience. By the time the SDPRC was
launched in 2013, China had formed more complete and
comprehensive measures for the sustainable development of
RBCs. Therefore, it is important to assess whether the SDPRC
has achieved the expected results. This research may provide a
reference for the subsequent transformation of other cities.

3 Literature review

In this part, we review two strands of literature related to our
study: (i) the impacts of government policy in RBCs, (ii) the factors
influencing industry structure upgrading.

3.1 Impacts of government policy in RBCs

For policy-driven RBCs, achieving comprehensive, high-quality
sustainable development hinges critically on strategic, well-
organized urban planning and policy intervention. (Khan et al.,
2020). Liu et al. (2012) observed that the initial urban formation of
Hebi City, in Henan Province of China, was most driven by the
central government and established based on the abundant coal
resources in the area. When Hebi faced resource depletion, the local
government introduced new enterprises and built a new city center
in order to revitalize the city, leading to diversified development of
the local economy. From the case of Hebi, it can be seen that policies
played a crucial role in the formation and subsequent development
of China’s RBCs. Li et al. (2013) reviewed the RBCs’ transforming
policies and implementation performance, and found that
compared to other cities, RBCs had a lower level of development;
At the same time, the article analyzed several aspects of policy effect.
However, there are some shortcomings in the process of policy
implementation. He et al. (2017) reviewed the RBCs’ policies from a
macro perspective, analyzed how the government responds to the
urgent economic problems faced by RBCs, especially focusing on
economic structural adjustment. In order to further analyze the
policies of the central government and the diversity of local
practices, this article proposes two case studies, one in an oil
mining city (Daqing City) and one in a coal mining city
(Pingxiang City). Yu et al. (2016) discussed the implementation
of policies for rescuing and transforming resource-based cities in
China, arguing that government conflicts between different
administrative levels are the main obstacle to industrial
transformation in Yichun City. Zhang et al. (2018) utilized panel
data from 37 resource-exhausted cities between 2004 and 2014 for
analysis and found that policy incentives can still improve
transformation efficiency after experiencing long-term fluctuations.

Research on the effectiveness of policies in RBCs conclude
economic, energy, and environmental dimensions, with specific
transformation metrics including energy efficiency (Li et al.,
2022); industrial structure transforming (Li et al., 2021; Pan
et al., 2023; Shen et al., 2023); ESG (Wang et al., 2023);
Company’s green behavior (Sun et al., 2023). A body of research
has focused on policies introduced in 2007 targeting resource-
exhausted cities (Sun and Liao, 2021; Yang et al., 2021; Yu et al.,
2022; Shen et al., 2023). By using firm-level data, Sun and Liao
(2021) examined the impact of the transformation of resource-

depleted cities on industrial development. The findings indicate that
the support policies stimulated capital investment, employment, and
efficiency, thereby enhancing corporate output. Yang et al. (2021)
using prefecture-level data of China from 2003 to 2018, found out
that the policy of resource-exhausted cities promoted economic
development. Yu et al. (2022) found that the policy help to improve
the energy efficiency of the resource-exhausted cities. Shen et al.
(2023) used difference-in difference model, to examine the effect of
government policy targeted mineral resource-exhausted cities. The
data scale is from 2004 to 2013. The results show that policy can
promote the industrial structure upgrading in those mineral cities.
And the mechanisms include heightened cost pressures, incentives
for innovation, economic performance attractiveness, and
improvements in energy efficiency.

As to the research on SDPRC, some studies are conducted at the
company level. Sun et al. (2023) use DID method, based on data
from Chinese heavy industrial enterprises (2007-2018), finding that
SDPRC helps to promote company’s green technological
innovation. This phenomenon is more pronounced in state-
owned enterprises. In parallel, Wang et al. (2023) also use DID
model to examine the policy effect on ESG performance of Chinese
A-share listed companies from 2010 to 2021. The results show that
SDPRC improve the companies’ ESG responsibilities. Furthermore,
some research has been conducted utilizing city-level data. Zheng
and Ge (2022) explored the impact of SDPRC on carbon emissions
from the perspective of resource dependence. Our studymost closely
related to Li et al. (2021), which similarly investigated the impact of
the SDPRC on the industrial transformation of RBCs. They
examined whether the policy reduced the proportion of the
secondary industry in GDP from 2013 to 2020. The results
demonstrated that the policy decreased the share of heavy
industry, with the mechanism underlying this effect achieved
through the reduction of resource dependency.

3.2 Factors influencing industry
structure upgrading

Industrial structure upgrading is a major research topic in
economic transformation, and there is a substantial body of
literature examining its influencing factors. Wei and Yang
(2025) summarize these factors into three dimensions: policy
interventions, endogenous drivers, and changes in the external
environment. And our study not only explore the relationship
between government policy and industrial structure upgrading,
which is our first hypothesis, but also discuss the mechanism in
this process: green technological innovation, human
resources and FDI.

As mentioned before, policies have a significant impact on
industrial restructuring (Li et al., 2021; Shen et al., 2023).
Furthermore, based on provincial-level panel data from 2000 to
2016 in China, Li et al. (2023) examined the impact and mechanisms
of different environmental policies on low-carbon industrial
upgrading. The research findings reveal that in response to
environmental policies, enterprises can choose to either reduce
the production of high-carbon emission products or relocate to
regions with lower environmental costs. However, both approaches
ultimately lead to a gradual reduction in the scale of high-carbon
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emission industries in the policy-implementing region, thereby
increasing the proportion of low-carbon emission industries.

Technological innovation is considered as one of the key
endogenous drivers to industrial structure upgrading (Wei and
Yang, 2025). As refer to green technological innovation, Calel
and Dechezleprêtre (2016) also states that green technological
progress drives industrial transformation. They believe
environmental regulations work by encouraging green technology
innovation. Regional central cities face dual pressures of
environmental protection and economic restructuring.
Traditional industries with insufficient green innovation capacity
gradually lose their competitive edge and are replaced by emerging
industries with higher levels of green technology innovation, thereby
leading to the restructuring of local industrial systems (Wang
et al., 2024).

In the study of industrial structure in the transformation of
resource-based cities, Bravo-Ortega and De Gregorio (2005) paid
early attention to the importance of human capital. Their research
found that higher levels of human capital can effectively alleviate the
negative impact of resource depletion on the economy. Kurtz and
Sarah (2011) also pointed out that the lack of human capital may
lead to the emergence of the “resource curse” phenomenon, and
improving human capital can help upgrade the industrial structure
of resource-based cities.

As to the research on FDI and industrial structure, Lin and Cai
(2023) use Chinese provinces-level panel data to explore the
relationship between resource availability and dependency on
green economic growth. They found that, compared with
government investment, FDI had a higher utilization efficiency of
natural resources. To realize sustainability, societies must put great
importance on green investment, natural resources, technological
innovation, and financial development. Qiong and Minyu (2013)
suggest that FDI contributes to the host countries economic growth
through industrial restructuring. Millimet and Roy (2016) using U.S.
state-level data and taking into account spatial spillovers, found that
environmental regulation negatively affects foreign investment in
pollution-intensive firms, which in turn affects local
industrial structure.

Besides, there are also study focusing on other factors
influencing industrial structure, like green finance (Zhang, 2023);
new infrastructure (Gong et al., 2023). Zhang (2023) use Chinese
provincial panel level to examine the effects of green finance on
industrial structure upgrading. Gong et al. (2023) use instrumental
variables analysis, based on Chinese province-level panel data from
2003 to 2017, to find out that new infrastructure is beneficial to
industrial structure upgarding. And the contribution is mainly
through technological innovation, human capital and guiding
capital flows.

In summary, previous policy research on RBCs involved aspects
such as economy, environment, and energy efficiency, but remain
some limitations. In the study of the policy effect on industrial
structure of RBCs, previous study put focus on the resource depleted
cities, without involving the evaluation of different types of RBCs.
Furthermore, the existing research on SDPRC has an early data
scale, and there is also insufficient exploration of the transformation
mechanism. Using the latest data, our study examines how SDPRC
facilitates industrial restructuring in RBCs. In the meanwhile, we
integrate three mechanisms—green technological innovation,

human capital, and FDI—into a unified analytical framework to
examine whether they play a facilitative role in the process through
which SDPRC promote industrial structural upgrading. We
comprehensively exaimne the roles of the supply side (green
technological innovation), factor market (human resources), and
capital investment (FDI) in the transition of RBCs, thereby
broadening the mechanisms and providing concrete pathways for
future urban sustainable development.

4 Theory and hypothesis

4.1 SDPRC and industrial
structure upgrading

Most of the industries in RBCs are based on local mineral
resources and value-added industries related to them and have
been characterized by high energy consumption and pollution in
their past development history. This made the secondary industry
account for a disproportionately high proportion of local industries.
The comparative advantage of resource-based industries squeezes
out the investment of capital and technology and other factors of
production in other industries. This resulted in even if there are
more efficient and environmentally friendly industries, they were
unable to form a certain scale of advantage in RBCs. Moreover, an
unreasonably high proportion of the secondary sector results in a
lack of follow-through in local economic growth and an inability to
flexibly adapt to changes in the market. Moreover, the secondary
industry absorbs less labor than the tertiary industry. And if the
market fluctuates and causes bankrupt of RBCs’main corporates, for
the residents, there are no good alternative employment
opportunities after unemployment.

In this background, it is an essential implementation for RBCs to
improve the situation of industrial structure. To more intuitively
demonstrate how policies have influenced the industrial structure
upgrading, we have drawn Figure 2. The government’s sustainable
development policy mainly affects industrial upgrading through
resource reallocation. Government policies are needed to redistribute
factors of production using regulation and adjustment through policy
favoritism, price adjustments, or raising entry thresholds. Government
policies can also deepen the development of industrial agglomeration,
promote vertical as well as horizontal cooperation among enterprises
through the effect of economies of scale, enable industrial chain
agglomeration and collaboration and the formation of an industrial
chain (Shen et al., 2023), and stimulate scientific and technological
innovation. Local industrial development can be continuously
optimized through scientific and technological innovation, attracting
foreign investment and high-quality talents, which will not only achieve
subsequent economic development but also solve the serious problem
of local unemployment.

The industrial transformation of resource-oriented cities
occupies a relatively important position in SDPRC. SDPRC
emphasizes the need to build a diversified industrial system,
vigorously develop successive alternative industries, enhance
scientific and technological innovation capacity, actively promote
new industrialization, enhance industrial competitiveness, actively
develop labor-intensive industries with strong employment-
absorbing capacity from the supply-side perspective, enhance the
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proportion of high-tech industries, enhance the proportion of
tertiary industries, and absorb more unemployed people. At the
same time, the value added by the mining industry as a percentage of
the regional value-added should be reduced by 4% year by year,
while the share of the value added by the service industry should be
steadily increased by 8% per annum. The level of development of the
service industry will be significantly improved, the diversified
industrial system will be fully established, and the
competitiveness of the industry will be significantly enhanced,
which will directly promote the increase of the value-added of
the local tertiary industry, thus realizing the advanced industrial
structure. These measures can optimize the resource allocation of
RBCs, guide technology, capital, and talents to high-tech industries,
emerging industries, and tertiary industries, and promote the
transformation of industrial structure while achieving sustainable
economic development and increasing local jobs. Based on the above
analysis, this paper puts forward the following research hypotheses.

Hypothesis 1: SDPRC promoted the industrial structure
upgrading in RBCs.

4.2 Themechanisms of SDPRC and industrial
structure upgrading

Technological innovation, capital, and human resources are the
three main factors of economic growth. Therefore, this paper
explores the mechanism of these three factors of production in
the impact of sustainable development policies on industrial
structure upgrading in RBCs. In the context of drastic climate
change, green technological innovation is increasingly becoming
an important mechanism in China’s industrial restructuring (Wang
et al., 2024). Therefore, this study focuses on green technology
innovation in the transformation of RBCs.

4.2.1 Green technological innovation
Technological innovation is one of the driving factors of

economic development (Jelinek, 1992; Uppenberg, 2009).

However, traditional technological innovation only focuses on the
scale and speed of development, ignoring the impact on the
environment, such as the efficiency use of natural resources, and
the destruction of the ecological environment. Those environmental
concerns are not in the scope of the priority of traditional
technological development, which means they are unsustainable
(Barbieri et al., 2020). In contrast, green technological innovation is
recognized as providing both economic and environmental benefits
(Fussler and James, 1996). Green technological innovation is defined
as the type of innovation that reduces energy consumption, and
pollution emissions, and also promotes harmony between humans
and nature (Xia et al., 2015; Jiao et al., 2020). Green innovation
includes technological improvements that save energy, prevent
pollution, or enable waste recycling, also includes green product
design and corporate environmental management (Aguilera-
Caracuel and Ortiz-de-Mandojana, 2013). Green technology
innovation can not only address the challenges of environmental
degradation but also serve as a fundamental strategy to enhance local
eco-efficiency (Wang et al., 2024). Therefore, green technological
innovation, as a type of technological innovation that can balance
scientific development, economic development, and environmental
protection, is very much in line with the SDPRC sustainable
development policy for RBCs. It can promote the economic
development of resource cities from crude to intensive
sustainable development.

Factors affecting green technological innovation include: The
first kind of influence factors is government regulatory instruments,
such as environmental regulations, access regulations, R&D
expenditures, performance appraisals, and tax policies (Lanoie
et al., 2011; Rassier and Earnhart, 2015). The Government’s
access principle sets the threshold for highly polluting and
energy-consuming enterprises to enter the market.
Environmental regulation can increase the pollution cost of
corporations. Enterprises can only change the original high
pollution, high energy consumption of the production process, to
reduce their environmental pollution costs, to ensure that corporate
profitability at the same time in line with the government’s
environmental regulatory requirements. This forces local firms to

FIGURE 2
Theoretical analysis.
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change their existing technology and production process to meet the
governmental access requirements. And those firms that cannot
afford the environmental pollution cost may consider moving to
another place with less strict regulation. To some extent, enterprises
that implement green technological innovations can comply with
government environmental standards, and their products can be
profitable once they have achieved a certain market size. In addition,
environmental performance takes up a large part of Chinese officials’
appraisals forcing officials to urge the local environmental
protection part of the local enterprises to strengthen the control
of environmental pollution emissions; Government R&D subsidies
to enterprises and tax incentives for green technological innovation
can make up for the enterprises cost of developing green technology
innovation. The second kind of influencing factors of green
technological innovation is the internal organization structure of
the enterprise, including the top management’s attention and
commitment to environmental protection, which leads to the
development of advanced environmental protection strategies
(Kagan et al., 2003; del Río González, 2009); and the scientific
research and talent pool related to environmental protection (del Rio
Gonzalez, 2004; del Río González, 2009).

On the other hand, green technological innovation is conducive
to the industrial structure upgrading of RBCs. RBCs are facing the
double pressure of environmental protection and economic
transformation, in which traditional industries with insufficient
green innovation capacity will gradually lose their competitive
position and be replaced by new industries with higher levels of
green technological innovation, leading to the adjustment of the
local industrial structure (Wang et al., 2024). Technological progress
can effectively promote industrial structure upgrading, which is the
key to the advanced industrial structure in China at this stage, and
green technological innovation can also improve the efficiency of
resource utilization and enhance the competitive advantage of
enterprises. The environmental regulations and requirements in
SDPRC can promote the local industrial structure upgrading by
promoting green technological innovation. Firstly, the industrial
aggregation effect can promote green technological innovation, thus
promote the transformation and upgrade of the industrial structure
of RBCs. It is mentioned that the government should actively guide
the development of industrial agglomeration, strengthen the
construction of supporting infrastructure such as transportation,
water supply, power supply, etc., renovate specialized industrial
parks and industrial clusters. RBCs should actively cultivate and
introduce several leading enterprises based on the criteria of
technological content, environmental protection level, and strong
investment and employment-absorbing capacity. The
agglomeration effect can reduce information asymmetry and
negative externality, which is conducive to better cooperation and
communication between enterprises and employees, increasing the
research and development of green innovation.

In addition, the policy constraints on high-pollution and high-
energy-consumption enterprises will squeeze out some of the local
investment in such enterprises and industries, and transfer these
capitals from pollution-intensive industries to cleaner industries,
which can optimize resource allocation as well as promote industrial
structure upgrading. In addition, government financial support is
also an important incentive for enterprises to engage in R&D of
energy-saving and emission-reduction technologies. SDPRC points

out that government financial resources should be more inclined to
RBCs, emphasizing the important role of government investment in
guiding the transfer of factors of production to successive alternative
industries. Therefore, the implementation of SDPRC can send a
favorable signal to investors and promote the development of
tertiary industries such as clean industries and services.

Hypothesis 2a: SDPRC promotes the industrial structure
upgrading of RBCs by increasing the level of green technological
innovation.

4.2.2 Human resources
The importance of human capital in economic growth has been

emphasized in endogenous growth theory (Lucas, 1988; Romer,
1989), and the contribution of human capital and technological
innovation to economic development in an economy is often
inextricably linked: the more years of education a human capital
has on average, the less costly he or she expects to incur in
technological innovation in the future (Kim and Lee, 2011). Part
of the reason for China’s high growth is attributed to the high
average rate of investment in human capital (Ding and Knight,
2011). Ramos et al. (2012) point out that an increase in the amount
of human capital does not necessarily lead to economic growth, but
rather to a shift to manpower that matches the structure of the
industry to drive economic development. Therefore, the dynamic
evolution of human capital from primary to advanced can promote
technological upgrading, as well as industrial structure upgrading.
The enhancement of human capital can be matched with higher-end
technologies and industries, and quickly adapt to changes in
industries and markets. When emerging industries rise to replace
traditional and low-end endogenous industries, there is a sufficient
reserve of talent in the process of industrial development from low to
a high level, and further, transfer the industries from labor-intensive
to technology-intensive and knowledge-intensive. The
improvement of human capital’s innovation ability enhances the
value within the industry chain and helps promote industrial
upgrading by improving the quality of enterprise products.

Not only has the function of promoting economic development,
but the impact of human capital on the environment is found that it
can help to prevent the further deterioration of the environment, as
well as reduce the emission of pollution (Shabani, 2024; Zhang et al.,
2024). At the same time, the rapid development of technological
innovation cannot be separated from human capital, especially
green technological innovation. Highly educated and skilled
personnel can better understand the significance of
environmental policies and the implementation process in the
production of enterprises and further discover the room for
improvement in the current production. They can find
alternative energy sources before production, improve
productivity and energy efficiency during production, and reduce
pollutant emissions or treat pollutants in an environmentally
friendly way after production. At the same time, the
concentration of local talent can produce knowledge spillover
effects, promote the exchange and development of knowledge
and technology, and further promote the local industrial
structure upgrading.

The enhancement of human capital promotes the industrial
structure upgrading of RBCs through the increase of income level
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and the change of consumption demand. The advancement of
human capital raises people’s higher standards and requirements
for the environment, and their consumption demand is more
inclined to environmentally friendly commodities, which pushes
RBCs to change their original high-pollution and high-energy-
consumption production mode, improve their production
efficiency, and promote the development of the industry to a
higher level and a higher level. Highly educated talents have
relatively high requirements for the environment, and high-
quality talents in their work and life will push the local area to
improve production efficiency, reduce the proportion of high-
pollution and high-energy-consuming industries, and promote
the development of industrial structure towards cleaner and more
efficient industries, as well as promote the development of tertiary
industries such as high-end service industries.

Hypothesis 2b: SDPRC promotes the industrial structure
upgrading of RBCs by enhancing the level of human resources.

4.2.3 FDI
First, the capital effect of FDI can promote the industrial

structure upgrading of the host country. In the early stage of
development, the inflow of FDI can increase the capital stock of
the host country, make up for the capital gap of local enterprises and
industries, and help them to have a fast start. In addition, FDI
combines with sufficient local labor resources to develop labor-
intensive industries. At the same time, the rapid development of the
host country’s industries increases the employment and income of
residents, which can boost local demand (Haaja, 2020). In the
meantime, it helps to improve the local consumption structure,
drive the development of the local economy, and promote the
transformation of the local industry from the primary industry to
the secondary and tertiary industries.

Second, FDI promotes the industrial structure upgrading of host
countries through advanced management experience, excellent
talents, and technology transfer. The technology overflow
brought by FDI is one of the main reasons for the rapid
technological and economic growth since China’s reform and
opening up. FDI sent management personnel to the host
countries, helping those countries train local employees. The
local talents quickly learn advanced production methods and
management methods. Moreover, FDI helps host countries save
learning costs, so that the local industry, including related upstream
and downstream enterprises, absorb the up-to-date industry
knowledge and skills. In conclusion, FDI brought new technology
and knowledge from the parent company to the host country
enterprises, driving the local industrial structure upgrading.

FDI promotes industrial structure upgrading through
environmental effects. Regarding the impact of FDI on the local
environment, there are two classic theories in academia. One is the
“Pollution Haven Hypotheses” (Walter and Ugelow, 1979; Baumol
and Oates, 1988), which holds that in the early stage of development,
to attract FDI, host countries tend to lower environmental standards
to attract capital investment restricted by high domestic
environmental standards. Another theory is the “Pollution Halo
Hypotheses” (Birdsall and Wheeler, 1993), which holds that the
advanced technology and high environmental protection standards
of FDI can improve the situation of high energy consumption and

high pollution in the host countries. Meanwhile, the host country’s
enterprises learn, imitate, and absorb the technology and production
process, helping them to improve their efficiency and effectiveness
based on higher environmental standards. Based on the above
analysis, this paper puts forward the following hypotheses:

Hypothesis 2c: SDPRC promotes industrial structure upgrading
of RBCs by enhancing the level of FDI.

5 Research design

5.1 Model

Based on the RBCs list announced by the SDPRC in 2013, a
difference-in-difference (DID) approach is employed to assess
the causal relationship between the SDPRC policy and industrial
structure upgrading. The cities included in the pilot scope are the
experimental groups, and the remaining regions are the control
group. The impact of the SDPRC on industrial structure
upgrading is identified by comparing the experimental and
control groups.

TSit � β0 + β1Treati × Postt +∑Controlit + μi + λt + εit (1)

In Equation 1, TSit a measure of industrial structure upgrading
in the city i of the year t. Treati × Postt indicates a dummy variable
that is equal to one if city i is RBCs defined by SDPRC in the year t.
Otherwise, it equals zero. Controlit are a set of time-varying city-
level control variables, μi is the city-fixed effect, and λt is the year-
fixed effect, εit is the error term. In the benchmark analysis, β1 , the
coefficient of Treati × Postt , is what we focus on. If the coefficient
β1 is positive, we can infer that the SDPRC increased the industrial
structure upgrading level of RBCs effectively. The coefficient also
reflects the difference between pilot and non-pilot cities before and
after the implementation of SDPRC.

5.2 Data

Our data comes from CSMAR database and Macrodatas
(https://www.macrodatas.cn). The panel data concludes
300 prefecture-level cities in China from 2007 to 2023. There are
262 RBCs classified in the SDPRC, due to missing data and then
removing outliers, 114 cities were included in the RBCs as the
treatment group. The remaining non-RBCs were included in the
control group. The data on green technological innovation is from
the Green Patent Research Database (GPRD), which belongs to the
Chinese Research Data Services (CNRDS).

5.3 Measurement

5.3.1 Dependent variable
This paper chooses to measure industrial structure upgrading

(TSit) by the ratio of added value of tertiary industry to secondary
industry. Industrial structure upgrading is the process of industrial
structure development from a low-level state to a high-level state.
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One phenomenon is that in an economy, with continuous
development, the dominant industry gradually shifts from
primary to secondary and tertiary industries. Although the
increase in the proportion of non-agricultural output value is a
fundamental law, after the 1970s, driven by information technology,
“the service-oriented economic structure” is the main feature of
industrial structure upgrading, and the growth rate of the tertiary
industry is higher than that of the secondary industry in this process.
Based on this, this paper adopts the ratio of the added value of the
tertiary industry to the added value of the secondary industry to
measure the industrial structure upgrading.

5.3.2 Independent variable
To run the DID model, we construct two dummy variables. One

is to differentiate the treatment group and control group (Treati). It
equals one if a city is influenced by SDPRC policy. Otherwise, it
equals 0. The other one is the time dummy variable (Postt). Using
the SDPRC policy implementation as the policy shock point, Post
equals one if an observation appears in or later than 2013.
Otherwise, it equals 0. Therefore, Treati × Postt is the cross-
production of the individual dummy variable Treati and the
time dummy variable Postt .

5.3.3 Mechanism variables
For the measurement of green technological innovation, this

article uses the ration of green inventions in the total patents granted
annually within the region. As to the human resources, this article
uses the logarithm of the number of students in regular higher
education institutions. The FDI level is the logarithm of the number
of foreign-invested enterprises.

5.3.4 Control variables
Based on existing studies on determinants of industrial structure

upgrading, we control some variables in our regressionmodels. First,
we control the economic status of cities and GDP per capita. Second,
we control the local information level, measured by the ratio of
postal and telecommunication services per capita to GDP per capita.
Third, the employment rate is measured by the people employed in
the household population. Last, the education level is measured by
the share of the government’s investment in education to GDP.
Table 1 provides definitions of all the variables and Table 2 provides
their descriptive statistics.

6 Empirical analysis

6.1 DID results

Based on the baseline model (1), the impact of the SDPRC on
industrial structure upgrading is in Table 3, columns (1) and (2). In
column (1), the regression contains city and year-fixed effects, not
including the control variables. It shows that the coefficient
Treati × Postt is significantly positive at the level of 5%, and the
regression coefficient is 0.033. After adding the control variables, the
coefficient is significantly positive at 1% level, which the coefficient is
0.051. This shows that SDPRC has a positive impact on industrial
structure upgrading of RBCs. Therefore, Hypothesis 1 has been
verified. The DID regression results show that the implementation
of SDPRC promoted industrial restructuring in RBCs.

6.2 Robustness test

6.2.1 The parallel trend
The essential assumption of employing DID analysis is the

parallel trend. It assumes that the treatment group and the
control group would have had a similar trend if the treatment
had not been. Thus, after the treatment, the difference between the
treatment group and the control group can be attributed to the
implementation of the treatment. At the same time, the DIDmethod

TABLE 1 The variable names and definitions.

Variable name Symbol Variable definition

Industrial structure upgrading TS Ratio of added value of tertiary industry to added value of secondary industry

Green technology innovation Green_tech Ration of green inventions in the total patents granted annually within the region

Human resources Human_re The logarithm of the number of students in regular higher education institutions

Foreign direct investment FDI The logarithm of the number of foreign-invested enterprises

GDP per capita GDP_per GDP per capita

Fiscal Self-Sufficiency Rate Fisc Ratio of local government budgetary revenue to local government budgetary expenditure

Social consume Consume Ratio of total retail sales of consumer goods to GDP

Informatization level Information The logarithm of the number of international Internet users

TABLE 2 Descriptive statistics.

Variable N Mean SD Min Max

TS 4704 1.009 0.489 0.289 3.501

Green_tech 4728 0.077 0.053 0 0.282

Human_re 4645 10.53 1.235 7.102 13.646

FDI 4392 2.981 1.616 0 8.247

GDP_per 4228 48,690.41 31,973.4 6974.847 175,000

Fisc 4530 0.424 0.223 0.05 0.999

Consume 4159 0.98 1.701 0.006 14.62

Information 3391 13.202 1.209 10.521 18.327
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also needs to meet the policy homogeneity, that is, individuals
should not form effective expectations before policy
implementation. To avoid multicollinearity issues, the sample
year before the policy implementation was removed. The dummy
variable for non-pilot cities is 0. The equation is as follows:

TSit � β0 + ∑
−2

k�−5
βkBef oreKit + βcCurrentit +∑

8

k�1
βkPostKit

+∑Controlit + μi + λt + εit (2)

In Equation 2, the time dummy variable, Bef oreKit represents
the observed values of cities before the implementation of SDPRC;

Currentit represents the year that SDPRC was introduced;PostKit

represents the years after policy implementation. To avoid
multicollinearity, the sample from the year before policy
implementation was removed, and the dummy variable for non-
pilot cities was set to 0. The regression results, as shown in Figure 3
indicate that the regression coefficient of the SDPRC for the
industrial structure upgrading in RBCs before the policy
implementation is close to 0. It means that the parallel trend
holds and there is no effective expectation before the policy
implementation. In the second year after the implementation of
the policy, the regression coefficient gradually becomes positive and
significant, indicating that there is a certain lag in the
implementation of the policy. The promotion of economic
transformation in the local area by local governments is a
dynamic and constantly learning process, so the policy effect will
not immediately appear after it is introduced. With the gradual
promotion of relevant policies in pilot cities, the experience of local
governments continues to be enriched, and the effectiveness of
measures taken continues to emerge.

6.2.2 PSM-DID
The target cities of SDPRC are not randomly selected. The cities

in the scope are selected based on the characteristics of their resource
reserves, and leading industries. This selective bias may cause
deviations in the policy effects of SDPRC. Therefore, this article
uses the propensity score matching-difference in difference (PSM-
DID) method for robustness testing. Firstly, identifying individuals
in the control group that are similar to those in the experimental
group. Then, the differences between the experimental group and

TABLE 3 Regression results.

(1) (2) (3)

Variable TS TS TS

DID 0.033** 0.051*** 0.053***

(0.014) (0.017) (0.017)

Control variables YES YES

Year FE YES YES YES

City FE YES YES YES

N 4861 2801 2787

R-squared 0.817 0.849 0.849

***, **, and * denote 1%, 5%, and 10% significance levels, respectively.

FIGURE 3
The parallel trend test.
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the control group can be reduced, helping facilitate better policy
evaluation. By conducting Logit regression on covariates such as
economic development status, information technology level,
employment situation, and education level, propensity scores are
obtained to match similar individuals between the experimental
group and the control group. This article adopts the “k-nearest
neighbor matching method” (k = 3) for testing. The regression
results after matching are shown in columns (3) of Table 3. The
regression results in PSM-DID are consistent with the DID results in
the basic regression, with regression coefficients of 0.053, and
significant at the 1% level. It indicates that the results in the
basic regression are robust. The introduction of SDPRC helped
to promote the industrial structure upgrading of RBCs.

6.2.3 Placebo test
To further verify the reliability of the baseline regression results,

this paper employs a placebo test to mitigate potential confounding
effects from unobservable factors. Specifically, we construct a
fictional treatment timing and generate artificial treatment groups
to construct a placebo treatment variable, then re-run the regression
estimation. If the placebo treatment variable shows no statistically
significant impact on the outcome variable, it suggests that the
baseline results are more likely to reflect the actual policy effect
rather than being driven by other unobserved confounding factors.

Figure 4 displays the distribution of the estimated coefficients
from the placebo test. We randomly simulated 500 “placebo
treatment groups” and estimated their corresponding policy
effects. The results indicate that the estimated coefficients of the
simulated treatment effects are concentrated near zero, with a mean
of −0.00015 and a standard deviation of 0.01017. The distribution
approximates a normal shape centered around zero. In contrast, the
actual estimated treatment effect lies significantly outside this
distribution, providing further support for the robustness of the
baseline regression findings. This implies that under the placebo
policy shock, no statistically significant deviation from zero is
observed—that is, there is no discernible policy effect—which
strongly reinforces the conclusion that the baseline results are
not driven by non-policy factors and enhances the credibility of
the core findings.

6.3 Regression analysis of mechanism effect

In this article, we explore the mechanisms of the SDPRC. To test
the mediating effect of SDPRC on industrial structure upgrading of
RBCs, based on the previous theoretical analysis, this paper
constructs the following model: (3), (4), and (5). We assess if
green technological innovation, human resources, and FDI are
the mediator variables. This article draws on the approach of
Jiang (2022). Taking green technological innovation, human
resources, and FDI as independent variables, identifying the
causal relationship between the dependent variable
Treati × Postt and those variables. If the regression results are
significant, we assume the SDPRC affects these mechanism
variables. As to the mechanism variables’ effects on industrial
structure upgrading, we already discuss them based on existing
theories and research in section 4.2. The regression models are
as follows:

Greentechit � β0 + β1Treati × Postt +∑Controlit + μi + λt + εit

(3)
Human reit � β0 + β1Treati × Postt +∑Controlit + μi + εit (4)
FDIit � β0 + β1Treati × Postt +∑Controlit + μi + λt + εit (5)

6.3.1 Green technological innovation
The regression results of green technological innovation,

Equation 3, are shown in Table 4, column (1) and (2). When no
control variables were added, the regression coefficient was 0.009,
significant at the 1% level. After adding control variables, the
regression coefficient was 0.016, significant at the 1% level. This
means that the introduction of SDPRC promotes green
technological innovation in RBCs.

This phenomenon may be due to the innovation compensation
effect which is simulated by the government’s policy. Under the
pollution reduction and environmental protection requirements of
SDPRC, RBCs will attract more investment in clean industries, while
incentivizing local enterprises to shift from high-pollution
production towards clean production, which needs them to adopt
or invest in green technological production. On the other hand, the
incentive measures of SDPRC push local enterprises and other
innovative entities to carry out green technological research and
application activities and guide enterprises to adopt energy-saving
and emission-reduction technologies and production equipment.
This not only directly promotes green technological innovation in
the industry or sector in these cities, but also generates knowledge
spillover effects. Therefore, the introduction of the SDPRC helps
improve the level of green technological innovation of RBCs.

6.3.2 Human resources
The regression results of human capital, Equation 4, are shown

in columns (1) and (2) of Table 5. When no control variables were
added, the regression coefficient was 0.424, significant at the 1%
level. After adding control variables, the regression coefficient was
0.068, significant at the 1% level. The introduction of SDPRC has a
significant positive effect on the human capital level of RBCs. One of
the key points for industrial structure upgrading of RBCs in the
SDPRC is also to develop the tertiary industry dominated by the
service industry. Therefore, human capital should be an important
factor in the transformation process of RBCs. The series of measures
in the plan also demonstrates the importance and attraction of talent
in RBCs. Firstly, SDPRC encourages the establishment of diversified
industries, the development of modern service industries, and new
industries, which can provide more high-level employment
opportunities. Secondly, SDPRC mentions strengthening the
construction of talent teams in RBCs. Improve the labor
competence of production personnel through vocational
education and on-the-job training. At the same time, through
key enterprises and research projects, as well as higher education
institutions, RBCs can guide and cultivate innovative talents. In the
meanwhile, set up entrepreneurship platforms to attract overseas
students to return to resource-based cities for
entrepreneurship. Thirdly, as to the environment, there are
specific annual targets for reducing environmental pollution in
the SDPRC. The reduction of environmental pollution in RBCS
can improve the living environment. In addition, improving people’s
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livelihoods is also one of the three main evaluation indicators of the
SDPRC. The growth rate of residents’ disposable income should be
higher than the national average, with an average annual growth rate
of 8%; The establishment of a basic public service system and the
continuous improvement of social security levels for elderly care,
medical care, work-related injuries, and unemployment, these have
all enhanced the attractiveness of RBCs to talents.

6.3.3 FDI
The regression results of the core explanatory variable

Treati × Postt on FDI, Equation 5, are shown in columns (1) and
(2) of Table 6, indicating that SDPRC has a significant promoting effect
on FDI in RBCs. When no control variable is added, the regression
coefficient is 0.086; After adding control variables, the regression
coefficient is 0.124, all significant at 1% level.

Firstly, SDPRC includes direct attraction policies for FDI and
emphasizes improving the level of utilization of FDI. It encourages
FDI to invest in new industries, environmental protection industries,
andmodern service industries. Moreover, a complete local industrial
chain and supporting infrastructure are the key factors in attracting
FDI. Therefore, SDPRC emphasizes the construction of
infrastructure and industrial parks in RBCs. For infrastructure
construction, RBCs increase the construction and renovation of
municipal public facilities such as water supply and drainage,
heating, gas supply, and garbage collection and disposal.
Meanwhile, it is necessary to connect the transportation network
of RBCs and orderly promote the construction of dedicated
transportation lines for coal, ore, oil, and other transportation.
As to the industrial parks, based on the existing foundation,
SDPRC guides industries of RBCs to form an intensive and
characteristic industrial development pattern. All of these are
beneficial for RBCs to attract FDI. In the above, this article also

explores the cultivation and attraction of talents in RBCs by SDPRC,
and sufficient high-quality labor can also help these cities to
attract FDI.

6.4 Regression results of
heterogeneity analysis

6.4.1 Heterogeneity of regional variations—Hu
Huanyong Line

The HuHuanyong Line is a demographic boundary proposed by
Chinese geographer Hu Huanyong in 1935. Running from Heihe in
Heilongjiang Province to Tengchong in Yunnan Province, this line
divides China into southeastern and northwestern sections. The
southeastern region, comprising 36% of the country’s land area, is

FIGURE 4
Placebo test.

TABLE 4 Mechanism: Green technological innovation.

(1) (2)

Variable Green_tech Green_tech

DID 0.009*** 0.016***

(0.003) (0.004)

Control variables YES

Year FE YES YES

City FE YES YES

N 4726 2701

R-squared 0.269 0.291

***, **, and * denote 1%, 5%, and 10% significance levels, respectively.
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home to 96% of the population, while the northwestern region,
covering 64% of the territory, contains only 4% of the population.
This stark contrast vividly illustrates the profound geographical
imbalance in China’s population distribution.

The hererogeneity regression results in Table 7 show that the
policy effect of SDPRC on RBCs is significant at the southeast side of

Hu Huanyong Line. The coefficient is 0.039, significant at 5% level.
On the other hand, the policy effect is not significant at the
northwest side of Hu Huanyong Line. The industrial structure
upgrading requires not only policy support from the government
but also the backing of various local factors such as economic
conditions, talent pool, and capital flow. These elements are well-
present in the densely populated and economically concentrated
southeastern region of China, whereas they remain relatively weak
in the northwestern region. Additionally, transportation
infrastructure in the northwest is less developed compared to
that in the northeast. In this study, the indicator for industrial
structure upgrading is measured by the ratio of the value-added of
the tertiary industry to that of the secondary industry. Given that the
tertiary industry relies more heavily on market size and population
scale, this may explain why the regression results are statistically
significant in the southeastern region but not in the
northwestern region.

6.4.2 Heterogeneity of economic variations
According to Zheng and You (2023),We divided the sample into

two groups based on the annual median per capita GDP: a high per
capita GDP group and a low per capita GDP group. From the
regression results in Table 7, it can be observed that the effect of
SDPRC on the industrial structure upgrading of RBCs is significant
in the high per capita GDP group, with a coefficient of 0.078,
significant at the 1% level. However, it is not significant in the
low per capita GDP group. This may be because areas with higher
per capita GDP not only exhibit a more advanced level of economic
development, but also possess greater technological innovation
capacity, better infrastructure, and a larger pool of highly skilled
technical talent. As a result, policy interventions are likely to yield
stronger effects in these regions. To better visualize the
heterogeneity, we created Figure 5 using a forest plot.

7 Discussion and conclusion

The sustainable development of cities, including economic
growth, environmental protection, and the employment and

TABLE 5 Mechanism: Human resources.

(1) (2)

Variable Human_re Human_re

DID 0.424*** 0.068***

(0.016) (0.017)

Control variables YES

City FE YES YES

N 4803 2762

R-squared 0.935 0.971

***, **, and * denote 1%, 5%, and 10% significance levels, respectively.

TABLE 6 Mechanism: FDI.

(1) (2)

Variable FDI FDI

DID 0.086*** 0.124***

(0.020) (0.024)

Control variables YES

Year FE YES YES

City FE YES YES

N 4388 2658

R-squared 0.965 0.974

***, **, and * denote 1%, 5%, and 10% significance levels, respectively.

TABLE 7 Heterogeneity analysis.

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

Southeast side Northwest side High Gdp_per Low Gdp_per

Variable TS TS TS TS

DID 0.039** 0.078 0.078*** 0.023

(0.016) (0.076) (0.025) (0.024)

Control variables YES YES YES YES

Year FE YES YES YES YES

City FE YES YES YES YES

N 2465 240 1358 1420

R-squared 0.840 0.896 0.877 0.842

***, **, and * denote 1%, 5%, and 10% significance levels, respectively.
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income of residents, has been one of the important issues explored in
the development process of various countries. As a major type of
city, the establishment and subsequent development of RBCs are
closely related to local resources. Therefore, after the exhaustion of
local resources, how to solve the environmental pollution problems
left over from history, as well as to realize the success of industrial
transformation are important questions. To cope with the dual
economic and environmental problems of RBCs in the process of
development, the Chinese government launched the SDPRC in
2013, which puts forward specific targets in terms of economic
development and environmental protection, as well as the income of
residents. Then, whether the launch of SDPRC has achieved the
success of the transformation of RBCs is yet to be proved
empirically.

Therefore, this study empirically examines the impact of SDPRC
on the industrial structure upgrading of RBCs and explores the
impact mechanism from the theoretical as well as the empirical level.
Most studies on the transformation of RBCs focus on one aspect of
the environment or the economy, but this paper chooses the
perspective of the double effect of the economy and the
environment. First of all, this is reflected in the selection of
indicators in this paper, this paper selects the indicator of the
proportion of the added value of the tertiary industry and the
added value of the secondary industry. After the development of
the secondary industry, the continuous growth and development of
the tertiary industry can not only solve the problem of the
dominance of the heavy pollution industry in RBCs, but also
provide more clean jobs. Some studies show that in cities, the
manufacturing industry creates fewer jobs than services (Rodrik
and Sandhu, 2025). Secondly, in the study of mechanisms, this paper
focuses on green technological innovation, human capital, and FDI

as the research object. Empirical research found that these three
mediating variables play a certain role in this process. In the
heterogeneity analysis, the promotion effect of the SDPRC on the
industrial structure upgrading of RBCs is significantly positive in
RBCs located at the southeast side divided by Hu Huanyong Line,
and there is no significant promotion effect on the cities located at
the northwest side. Furthermore, the policy effect is significant in the
high per capita GDP cities.

Based on the above research, this article proposes the following
suggestions: firstly, continue to adjust and upgrade the industrial
structure of RBCs. The launch of the SDPRC has achieved significant
results in the declining and regenerating RBCs. Consequently, in
formulating development strategies for such cities, emphasis should
be placed on redefining their industrial positioning, cultivating and
strengthening substitute industries, and gradually reducing their
excessive reliance on natural resources. Additionally, there is a need
to actively explore new pathways for industrial transformation and
development, continuously enhance the output scale, production
efficiency, and resource recycling capabilities of RBCs, and promote
the growth of industries characterized by green innovation.

Secondly, by persistently assessing the environmental quality of
RBCs, local governments are forced to actively solve environmental
pollution problems, reduce the proportion of high-polluting and
energy-consuming industries, vigorously promote the development
of modern service and high-tech industries, attract high-tech talents,
stimulate the technological innovation ability and market
competitiveness of enterprises, form more innovation
compensation benefits, obtain comparative advantages in green
production, and promote the overall industrial structure
adjustment and resource optimization allocation of the industry
through the transformation and upgrading of enterprises

FIGURE 5
Heterogeneity analysis.
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themselves, thus promoting the transformation and
upgrading of RBCs.

Thirdly, further strengthen financial support for RBCs. Using
fiscal investment, we can guide production factors to cluster towards
alternative industries, optimize the industrial structure, weaken the
dependence of RBCs on fossil energy, and provide strong financial
support for RBCs to break the “path dependence”.

8 Limitations

The discussion of sustainable development in RBCs in this paper
is limited to the city level, but the role of enterprises in the transition
process is very important for local development. Therefore, future
research will be refined on the impact of the introduction of the
SDPRC on local enterprises, and further research is needed to
determine whether the environmental restrictions in the SDPRC
act as incentives or disincentives for enterprises to make the
transition to a greener environment.
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