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Abstract: Using the carbon emissions trading pilot policy implemented since 2011 as a quasi-natural
experiment, this paper constructs a multi-period DID model based on panel data of 280 prefecture-
level cities from 20062019 to explore the impact of the carbon emissions trading pilot policy on
industrial structure upgrading and conducts a heterogeneity test and mechanism test. This study
finds that the carbon emissions trading pilot policy significantly promotes the upgrading of industrial
structures, especially for larger cities and non-resource-based cities. Further exploration of the
impact mechanism shows that the carbon emissions trading pilot policy promotes industrial structure
upgrading mainly through green innovation. The findings of the study have significant implications
for the construction of a high-quality, modernized economic system in China.

Keywords: multi-period DID model; non-resource-based city; green innovation; modernized eco-

nomic system

1. Introduction

In recent years, rapid global industrialization has led to an increasing demand for
fossil energy in various countries. With the massive use of fossil fuels in modern society,
greenhouse gas emissions, such as carbon dioxide, are accumulating, and the problem of
ecological damage is becoming increasingly serious, most notably in the form of global
warming, which is a matter of fundamental interest to every country. In 2021, global CO,
emissions reached a record high of 363 tons, indicating an urgent need to reduce CO, emis-
sions (Figure 1). To comprehensively address the problems caused by warming, countries
around the world have started to intervene in total CO, emissions using administrative
methods. In December 1997, the Kyoto Protocol was signed, which specified the types
of polluting gases that signatory countries needed to reduce their emissions and set the
market mechanism as a new path for the issue of greenhouse gas emission reduction. The
Kyoto Protocol also divided carbon trading into three specific forms: emissions trading, the
Clean Development Mechanism, and Joint Implementation. In November 2016, 178 coun-
tries signed the Paris Agreement, which gave further impetus to the operation of green
development mechanisms in the international community [1].

The carbon emissions trading mechanism gives pollutants a certain economic value by
clarifying their property rights so that the property rights of pollutants can be freely traded
among different market players, thus encouraging each player to adjust the industrial
structure and achieve technological innovation [2]. Therefore, the carbon emissions trading
mechanism is conducive to improving the utilization rate of production factors, guiding
the transfer of capital, technology, manpower, and other factors from inefficient and high-
polluting industries to high-efficiency and low-polluting industries, and ultimately realizing
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the optimal allocation of the industrial structure [3]. To achieve the emission reduction
commitments of the Kyoto Protocol, developed countries and regions have established
regional emission reduction mechanisms for controlling greenhouse gas emissions. The EU
first launched a carbon emissions trading system in 2005, which was the earliest, largest,
and most widely covered carbon market in the world. In 2019, EU carbon emissions trading
amounted to 168,966 million euros, accounting for 87.2% of the world’s total. After the
successful establishment of the carbon emissions trading system in the EU, the United
States, Japan, South Korea, and Kazakhstan followed the EU’s example and established
carbon trading markets. As shown in Figure 2, the scale of the global carbon emissions
trading market has expanded over the past five years. In 2021, the global CO, emissions
trading market grew by 163.98% and has reached €760 billion.
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Figure 1. Global CO, Emissions Statistics 2015-2021.
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Figure 2. Global Carbon Emissions Trading Market Size and Growth Rate 2017-2021.

Since the reform and opening up, China’s economic development has always main-
tained a high growth rate, but rapid economic growth cannot be separated from the
consumption of large amounts of fossil energy, which has led China to become the world’s
highest carbon dioxide emissions [4]. From 2016 to 2020, China’s total CO, emissions
continued to grow, rising from 9.14 billion tons to 9.9 billion tons (Figure 3). In this context,
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as a signatory of the Kyoto Protocol and the Paris Agreement, China is actively respond-
ing to the global call for carbon emission reduction and advocating green, energy-saving,
and efficient development methods. In 2011, China promulgated the Notice of Carbon
Emissions Trading Pilot Work, which clearly indicated that China would start the carbon
emissions trading pilot work in Beijing, Tianjin, Shanghai, Chongqing, Hubei, Guangdong,
and Shenzhen, one after another from 2013, which also marked the official start of the
carbon trading market pilot work in China. China is the country that launched carbon
emissions trading after the EU, the US, Japan, South Korea, and Kazakhstan, showing that
the institutionalization of energy savings and emission reduction in China has achieved
international synchronization.
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Figure 3. CO, emissions statistics of major countries in the world, 2015-2020.

By 2022, China will have carried out carbon emissions trading pilot projects for more
than 10 years. In the context of promoting the overall goal of “carbon peaking” and “carbon
neutrality,” carbon emissions trading pilot work, a market-based environmental regulation
tool, has become an important grip for emission reduction targets. Has the implementation
of this policy been effective in promoting green and sustainable development in China?
Furthermore, as the national carbon emissions trading system continues to advance, can
China’s implementation of the carbon emissions trading pilot policy promote the upgrading
of China’s industrial structure, thereby achieving the win-win goal of economic develop-
ment and environmental protection? If the pilot policy can promote industrial structure
upgrading, what is its mechanism of action? Does this facilitation effect vary heteroge-
neously by city size, geographic location, and urban resource endowment? These issues
deserve to be studied in depth, although there are important practical implications for
China to continue to promote a green cycle path and high-quality economic development.

2. Literature Review
2.1. Policy Effectiveness of Carbon Emissions Trading Pilots

Carbon emissions trading was first proposed by Hass and Dales [5]. Hass and Dales
argue that the traditional environmental management tools of government intervention
do not provide any incentive for enterprises to take measures to protect the environment,
so the state should create a market where pollution is allocated to other enterprises under
government control, and where the emission rights can be transferred between enterprises.
Since 2013, carbon emissions trading markets in China’s provinces and cities have started
to operate one after another. As shown in Table 1, Shenzhen became the first pilot city for
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carbon emissions trading in China in June 2013. From November 2013 to September 2016,
seven provinces and cities—Beijing, Shanghai, Guangdong, Tianjin, Hubei, Chongqing, and
Fujian—launched carbon emissions trading markets, forming a regional carbon emissions
trading market with Chinese characteristics. Although China’s carbon emissions trading
has a small number of pilots in the pilot phase, it covers only a smaller amount of carbon
emissions than the EU carbon trading system, spanning the eastern, central, and western
regions. Because of the differences in economic structure characteristics, population size,
and resource endowment among provinces and cities, China’s carbon emissions trading
pilot policy provides a multi-level reference experience for the establishment of a national
unified carbon market.

Table 1. Overall situation of China’s carbon emissions trading pilot.

Pilot Cities

Start-Up Time Quota Allocation Method

Shenzhen

June 2013

Free allocation + benchmarking (water, electricity and gas); free allocation + historical
emissions method (other sectors); auction (at least 3%, not sector specific)

Beijing

Free allocation + benchmarking method (power sector, new entrants, heat, cement

November 2013 lines); free allocation + historical emissions method /historical intensity method (other

sectors); auction (a small portion of carbon allowances, not industry specific)

Shanghai

November 2013

Free allocation + benchmarking method (thermal power production); Free allocation +
historical emissions method (airports, commercial, some industrial); Free allocation +
historical intensity method (some industrial, aviation, ports, shipping and water
suppliers); Auction (a small percentage of carbon allowances, not industry specific)

Guangdong

Free/auction allocation + benchmarking/historical emissions method (different

December 2013 methods used for certain industrial processes in covered industries; electricity free at

95%, aviation at 100%, other at 97%)

Tianjin

Free allocation + historical intensity method (thermal power, paper and construction

December 2013 materials); free allocation + historical emissions method (other industries); occasional

auctions (a small percentage of carbon allowances, not industry-specific)

Hubei

February 2014

Free allocation + benchmarking method (electricity, cement); free allocation +
historical emission method (other industries)

Chonggqing

June 2014 Free allocation + historical emission method

Fujian

Free allocation + benchmarking method (power, cement, aluminum and other

September 2016 industries); free allocation + historical emissions method (other industries); auction

(only auctioned once, for market price regulation).

Existing studies on carbon trading have focused on the effects of carbon emission
reduction, technological progress, enterprise performance, and economic growth. In terms
of carbon emission reduction, most scholars believe that carbon emissions trading, as a
market-oriented low-carbon policy, can effectively constrain micro enterprises and other
carbon emitters to use cleaner and low-carbon energy, upgrade production equipment,
reduce production energy consumption, and improve production efficiency to reduce
carbon emissions in the manufacturing and construction industries, thereby reducing total
social carbon emissions [6,7].

In terms of technological progress, the implementation of the carbon emissions trading
pilot policy has increased the cost of pollution control and system compliance for polluting
and inefficient enterprises, forcing them to carry out green technological innovation activi-
ties to increase output while reducing energy consumption and carbon emissions [8]. At
the same time, the government often implements supporting policies, such as tax breaks or
green subsidies, for enterprises that adopt green technology research and development to
stimulate their research and development activities, while carbon emissions trading is in
progress, so carbon emissions trading can effectively promote technological innovation [9].

In terms of firm performance, the findings of the established studies are not uniform.
Some scholars believe that environmental regulatory instruments, such as carbon emissions
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trading, may have a negative impact on enterprise development, mainly because carbon
emissions trading will strictly allocate quotas and put enterprises under heavy pressure to
reduce emissions. At this time, enterprises are forced to invest a large amount of available
capital in green technology upgrades, which will increase their production costs, affect
their normal production and operation activities, and ultimately harm their investment
efficiency [10]. Contrary to this category, some scholars believe that the implementation of
carbon emissions trading pilot policies can improve the profitability of enterprises, which
is mainly based on Porter’s theory and information display theory [11,12]. Porter’s theory
argues that market-incentivized environmental regulation, as an external pressure, can
force firms to upgrade their technology to improve profitability and promote investment
efficiency. Information display theory also suggests that carbon emissions trading pilot
policies can reduce information asymmetry and principal-agent problems among firms
through external influences, and reduce the policy burden on firms.

Similar to the findings of carbon trading on firm performance, the findings of estab-
lished studies on the relationship between carbon trading and economic development are
inconsistent. Some scholars believe that the implementation of the carbon emissions trad-
ing pilot policy can improve the quality of economic development through technological
innovation, industrial structure transformation and upgrading, and the synergistic effect
of related environmental policies [13,14]. When energy savings and emission reduction
targets are reached, carbon emissions trading can effectively allocate resources and improve
production efficiency through market mechanisms, which in turn can drive the growth
of environmental total factor productivity, reduce the cost of emission reduction in the
economic system, and ultimately effectively promote high-quality economic development.
Conversely, some scholars argue that carbon emissions trading pilot policies are ineffective
in improving carbon emissions and environmental pollution control, and inhibit normal
economic production activities [15]. Kim and Lim examined carbon emissions from the
power sector in Korea and found that the implementation of a carbon trading system in
Korea would place an excessive carbon price burden on both direct and indirect greenhouse
gas emissions from the power sector, inhibiting economic efficiency [16].

2.2. Research on the Influence Factors of Industrial Structure Upgrading

Industrial structure refers to the division status and proportional relationship of pro-
duction factors among various industrial sectors of the national economy. The industrial
structure is usually divided into primary, secondary, and tertiary sectors according to the
“three industrial classifications”. The primary sector includes agriculture, animal husbandry,
forestry, and fishing; the secondary sector includes extractive industries, manufacturing,
and construction; and the tertiary sector includes three levels: the distribution sector, the
sector for improving the level of science and culture and the quality of the population,
and the production and living services sector [17]. Regarding the connotation of industrial
structure upgrading, the current academic consensus is to divide industrial optimization
and upgrading into two dimensions: industrial structure rationalization and industrial
structure heightening [18]. Rationalization of industrial structure refers to the enhancement
of coordination ability and the improvement of association levels between industries, which
can reflect the degree of coordination between industries and the efficiency of the effective
use of resources. Among them, coordination ability refers to the complementarity between
industries. Industries with complementarity can form a convergence effect between them
and bring into play the structural effect between industries, thus promoting the develop-
ment of industrial structures in the direction of rationalization [19]. Industrial restructuring
refers to the process in which changes in production technology lead to a gradual decrease
in industries that are more dependent on labor and a gradual increase in industries that are
supported by capital and technology [20]. The heightened industrial structure generally
consists of three aspects: (1) In the overall industrial structure, the proportion of primary
industries gradually evolves to the proportion of secondary and tertiary industries. (2) The
proportion of labor-intensive industries in the industrial structure gradually decreases,
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while the proportion of capital- and technology-intensive industries gradually increases.
(3) The share of industries manufacturing primary products in the industrial structure is
gradually decreasing, while the share of industries manufacturing intermediate and final
products is gradually increasing.

Existing studies have mainly examined the factors influencing industrial structure
upgrading in terms of both internal and external factors. The main internal factors include
aspects such as human capital and technological progress, and external factors include
aspects such as market environment and international trade. In terms of human capital, the
large size and relatively poor quality of China’s labor force are the main reasons that hinder
the optimization of China’s industrial structure. After the appropriate transformation of
traditional backward industrial technology, human capital will accelerate technological
progress and technology absorption, while its scale effect and heightening will significantly
promote upgrading of the industrial structure [21,22]. In terms of technological progress,
existing studies suggest that technological upgrading can drive the evolution of industrial
structures to a higher level by promoting the development of new industries. Azadegan
and Wanger, through an empirical study of 353 manufacturing firms, found that industrial
upgrading and restructuring and firm technological innovation are mutually reinforcing
relationships, a view similarly supported by Zhou and Wang [23,24]. In terms of the
market environment, Krugman found that market size has a significant role in promoting
industrial restructuring, and the effect of market segmentation on industrial upgrading
has an “inverted U-shaped” relationship [25]. Market structure, financing constraints, and
technological progress are the main mechanisms through which the market environment
affects industrial structure upgrading [26]. In terms of international trade, existing studies
have concluded that international trade development can promote the upgrading of the
domestic industrial structure [27]. Tianlan and Yang showed that newly industrialized
countries have a highly significant two-way causal relationship between foreign trade
and industrial growth, and that export-led economic development strategies can promote
industrial structural upgrading [28].

2.3. Research on the Relationship between Environmental Regulation and Industrial
Structure Upgrading

Currently, there is no consistent conclusion from existing studies on whether environ-
mental regulations can significantly contribute to industrial structural upgrading. Some
scholars believe that environmental regulation policies have a certain promotional effect
on the upgrading of industrial structures. Market structure, scientific and technological
innovation, and foreign investment introduction are the main paths of influence. Markusen
et al. argued that market structure is an endogenous factor in environmental regulatory
policies and that changes in environmental policies can have a large impact on market
structure and thus promote the upgrading of industrial structure [29]. Liu conducted a
study by constructing a theoretical model and found that the differential impact of envi-
ronmental regulation on polluting and clean industries leads to changes in the industrial
structure and drives the upgrading of the industrial structure [30]. Domazficky and Weber’s
study similarly confirmed the idea that environmental regulation has a positive facilitative
effect on enterprises” innovative behavior and ultimately promotes industrial structural
upgrading [31]. In addition, environmental regulations will make the residents” awareness
of environmental protection gradually increase, and society keeps progressing. In this
context, the advantages of less polluting technology-based foreign enterprises in market
competition will be gradually highlighted, and the demand for environmentally friendly
products will increase, driving the development of related industries. That is, environ-
mental regulation will attract the entry of environmentally friendly foreign enterprises
through public monitoring channels, leading to the upgrading of the regional industrial
structure [32].

Some scholars, on the other hand, argue that environmental regulation policies can
inhibit industrial structural upgrading. According to the “cost compliance theory,” strict
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environmental regulation policies will lead to increased production costs and lower produc-
tion efficiency and will cause a large amount of capital to be taken up by non-production,
which will inhibit the upgrading of industrial structure [33]. However, does this mean that
the implementation of a more relaxed environmental regulation policy will necessarily
promote the upgrading of the industrial structure? Song and Bi showed that low-intensity
environmental regulation can cause enterprises to lack the incentive to initiate independent
innovation to reduce environmental costs, and even if enterprises initiate additional R&D
investment, the effectiveness of the investment obtained has a lag, which can crowd out
other resources of the enterprises [34]. Therefore, at a lower intensity of environmental reg-
ulation, environmental regulation policies do not necessarily promote industrial structural
upgrading. In addition, environmental regulation will make the industrial structure of a
region with a weak industrial structure tend to be more irrational. Fan and Liu showed
that environmental regulation forces polluting enterprises to move to the western regions
of China, which, while it will lead to an advanced industrial structure in regions with
stronger environmental regulation, it will also aggravate the irrational industrial structure
for regions with weaker industrial structures and deviate even more from the development
toward an advanced industrial structure [35].

A review of the existing studies shows that there are many research results on the pol-
icy effects of carbon emissions trading pilots, the influencing factors of industrial structure
upgrading, and the relationship between environmental regulation and industrial structure
upgrading. However, the following issues still need further clarification: (1) Although
existing studies have extensively examined the impact of environmental regulations on
industrial structural upgrading, they still lack an examination of the impact of market-
oriented low-carbon policies and industrial structural upgrading. (2) Most of the literature
is based on provincial-level data to study the impact of environmental regulations on the
upgrading of industrial structure, but there are few studies at the municipal level that
explore the impact of environmental regulations on the upgrading of industrial structure,
especially the lack of studies on the impact of carbon emissions trading pilot policies on the
upgrading of industrial structure. Most of the existing studies on the measurement of indus-
trial structure upgrading use a single indicator, such as industrial structure heightening or
industrial structure rationalization, as the explanatory variable, which is slightly lacking in
explanatory strength. Based on this, this paper takes the data of 280 prefecture-level cities in
China from 20062019 as the research sample, measures industrial structure upgrading with
two dimensions of industrial structure heightening and industrial structure rationalization,
and uses a multi-period DID model to study the impact of carbon emissions trading pilot
policies on industrial structure upgrading and to test heterogeneity. A mediating effects
model is also used to test the influence mechanism of the pilot carbon emissions trading
policy on industrial structure upgrading to enrich the research on related aspects.

3. Theoretical Analysis and Research Hypotheses
3.1. The Direct Impact of Carbon Emissions Trading Pilot Policy on Industrial
Structure Upgrading

According to Porter’s hypothesis, although environmental regulations will increase
the costs of firms in the short run, in the long run dynamically, environmental regulations
will stimulate firms to improve technological innovation, increase their productivity, reduce
pollutant emissions, and continuously improve product quality, thus offsetting the increase
in production costs caused by environmental protection [36]. The carbon emissions trading
pilot policy is mainly based on the property rights approach of Coase’s theorem. It gives
economic value to the resources and environment by clarifying the property rights bound-
ary of pollutants, creating a market environment for free trade, giving full play to the role
and function of the market in economic development, and finally realizing the optimal
allocation of resources by means of the market [37]. At the enterprise level, the carbon
emissions trading pilot policy, as an environmental regulation tool, can prompt enterprises
to continuously improve their technological innovation and resource utilization efficiency
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in the long-term process of economic development. Enterprises internalize the cost of
carbon emissions into their own production costs by upgrading and eliminating outdated
production capacity through technological transformation to save production costs and
increase revenue. At the industrial level, after the implementation of the carbon emissions
trading pilot policy, the adjustment of the corresponding production behavior of enterprises
will promote the upgrading of the industrial structure from high energy consumption and
low value-added to low energy consumption and high value-added, while accelerating
the transfer from labor-intensive industries to capital- and technology-intensive industries.
This process will promote the upgrading of the industrial structure. Based on the above
analysis, this study proposes the following hypothesis:

H1. The implementation of the carbon emissions trading pilot policy will significantly promote the
upgrading of the industrial structure.

3.2. The Mechanism of the Effect of Carbon Emissions Trading Pilot Policy on Industrial
Structure Upgrading

3.2.1. Carbon Emission Trading Pilot Policy Influences Industrial Structure Upgrade
through Consumption Upgrade

In consumer economics, consumption upgrading usually refers to upgrading the
consumption structure. An important manifestation of consumption upgrading is that con-
sumers pay more attention to service consumption demand while increasing their demand
for goods [38]. The implementation of the carbon emissions trading pilot policy has created
a good environment for low-carbon emission reduction, which is conducive to active public
participation in a low-carbon lifestyle. In a low-carbon environment, consumers’ preference
for public transportation and the purchase of green and low-carbon products has increased,
gradually forming green consumption habits. This provides a clear signal to produce
green products [39]. To maximize profits, manufacturers will provide corresponding green
lifestyle products, which will lead to a corresponding adjustment of product production
plans and structures within the industry, promoting the greening process of the industry,
and thus promoting the green upgrading of the industrial structure. In addition, the scale
effect of green consumption brings new opportunities for the development of green indus-
try, and capital further flows into green industry, which will promote the investment and
production of green industry. With the multiplier effect of investment, the share of green
industries increases, and the industrial structure is upgraded. Based on the above analysis,
this study proposes the following hypothesis:

H2a. The carbon emissions trading pilot policy will influence the upgrade of the industrial structure
through a consumption upgrade.

3.2.2. Carbon Emissions Trading Pilot Policy Influences Industrial Structure Upgrade
through Green Innovation

As a market incentive environmental regulation policy, the fundamental purpose of
implementing the carbon emissions trading pilot policy is to reduce carbon emissions and
promote the green and sustainable development of the whole society. Green innovation
is one of the basic ways to achieve this purpose. Currently, studies have focused on
the impact of the carbon emissions trading pilot policy on green innovation from two
perspectives: “enterprise” and “region”. From the perspective of enterprises, the carbon
emissions trading pilot policy encourages green innovation through “cost constraint”
and “technology incentive” [40]. The “cost constraint” refers to the market pricing of
enterprises’ carbon emissions after the implementation of the carbon emissions trading
pilot policy to eliminate the negative externalities of enterprises and thus achieve the effect
of green innovation. “Technology incentives” refer to the effect of implementing a carbon
emissions trading pilot policy to reduce environmental externalities and thus increase
the expected benefits of green technology innovation activities by enterprises. In terms
of regional perspectives, existing studies suggest that a carbon emissions trading pilot
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policy can promote regional green innovation. Innovation input, capital factor allocation,
and technological progress are the main mechanisms of action [41]. Therefore, it can be
argued that carbon emissions trading pilot policies promote green innovation, both from an
“enterprise” and “region” perspective. Based on endogenous growth theory, innovation can
improve the basic quality of workers and improve the management system of enterprises,
thus promoting the upgrading of the industrial structure. Based on the above analysis, this
study proposes the following hypothesis:

H2b. The carbon emissions trading pilot policy will influence industrial structure upgrades through
green innovation.

3.2.3. Carbon Emissions Trading Pilot Policy Influences Industrial Structure Upgrade
through Logistics Development

The rapid development of the modern logistics industry is accompanied by huge
consumption of energy, and the high pollution and other phenomena in the process of
logistics development are mostly due to the unsound environmental regulation system, lax
government supervision, and ineffective policy implementation. Focusing on controlling
the total carbon emissions of the logistics industry is conducive to changing the status quo
of high carbon emissions in China. The implementation of the carbon emissions trading
pilot policy will stimulate carbon emission reduction in the supply chain, significantly im-
prove the green total factor productivity of the logistics industry by means of technological
upgrading, reduce logistics costs, improve supply chain performance, and promote logistics
development [42]. Further exploring the impact of logistics development on upgrading
industrial structure, existing studies have concluded that logistics development can pro-
mote industrial structure upgrading mainly through three dimensions: innovation-driven,
intelligent logistics, and logistics talent development. In terms of innovation-driven, Zhang
took the prefecture-level cities under Fujian Province as the research object and found
that the improvement of the regional logistics development level can drive the growth of
innovation environment elements, which in turn drives the structural upgrade of secondary
and tertiary industries [43]. In terms of intelligent logistics, the prosperity of the digital
economy has created opportunities for the development of intelligent logistics. Jiang and
Zhang argued that the development of the digital economy will increase the degree of inte-
gration of logistics and digital technology, as well as the degree of innovation in the logistics
industry itself, reducing the resource consumption of the logistics industry itself [44]. This
can ultimately improve the scale of development of the industry and increase industrial
performance. In terms of logistics talent development, with the development of the logistics
industry, senior logistics talents with rich experience and a global strategic vision can be
fully cultivated and emerge continuously. This will benefit the development of integrated
logistics, including logistics finance, logistics consulting, and supply chain optimization
required for the development of industrial clusters, thus promoting the upgrading of the
industrial structure [45]. Based on the above analysis, this study proposes the following
hypothesis:

H2c. The carbon emissions trading pilot policy will influence industrial structure upgrades through
logistics development.

The above influence mechanisms and assumptions are detailed in Figure 4.
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Figure 4. Impact mechanism.

4. Materials and Methods
4.1. Model Construction
4.1.1. Baseline Model Setting

To study the impact of the carbon emissions trading pilot policy on industrial structure
upgrading, this study treats the carbon emissions trading pilot policy as a quasi-natural
experiment and uses a multi-period DID (Difference in Difference) model to explore the
impact of the carbon emissions trading pilot policy on industrial structure upgrading.
DID is an econometric method used to analyze the causal relationship between variables,
allowing for a valid assessment of policy effects and avoiding certain endogeneity problems
in the model [46]. The baseline model for this study is set as follows:

H_Industry;; = a + BTreat_time;; + vy Xy +u; +Ar + &4 1)

P_Industry;; = « + BTreat_time;; + yX;; + u; + At + €4 2)

where H_Industry; , represents the high industrial structure of the i city in year t; P_Industry; ;
represents the rationalization of the industrial structure of the i city in year ¢. Treat_time;,

is the product of treat and time, treat is the individual dummy variable, time is the time
dummy variable, X, represents a series of control variables, u; represents urban fixed
effects, A\; represents time fixed effects, ¢;; is the random error term.

4.1.2. Mechanism Test Model Setting

To test the previous hypotheses H2a—H2c, this study draws on Baron and Kenny to
construct the following model for mechanism testing [47]:

Industry;; = o + BTreat_time; ; + yX;; + u;j + At + €4 3)
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M;; = a + BTreat_time;; + vy Xy +u; + As + g4 4)
Yiy = a+ M;; + BTreat_time;y + vy Xy +u; + Ay + &4 5)

When (1) the core explanatory variable Treat_time;; has a significant effect on the
explanatory variable Industry; . (2) The core explanatory variable Treat_time;; has a signifi-
cant effect on the mediating variable M; ;. (3) The core explanatory variable Treat_time; ; and
the mediating variable M, ; have significant effects on the explanatory variable Industry; ;,
it can be concluded that the core explanatory variable Treat_time;; finally significantly
affects the explanatory variable Industry; ; through the path of significantly affecting the
mediating variable M; ;.

4.2. Variable Selection

In this paper, panel data from 280 prefecture-level cities from 20062019 are selected
for empirical testing. The research data are obtained from the China Statistical Yearbook,
China Environmental Statistical Yearbook, and China Urban Statistical Yearbook. Among
them, Shenzhen, Tianjin, Shanghai, Guangdong, Beijing, Hubei, and Chonggqing cities and
Fujian Province opened their carbon emissions trading markets in 2013, 2014, and 2016.
The study is subdivided to the prefecture-level city level, and the average interpolation
method is used for some of the missing data, resulting in 3640 sample data collected from
280 prefecture-level cities from 20062019 (see Table 2). The data processing software for
this paper is Excel and Stata 16.0.

Table 2. Descriptive statistics.

Variables Sample Size Mean Std, Min Max
P_industry 3460 0.33 3.47 0.00 206.93
H_industry 3460 1.02 0.60 0.10 5.63

gdp 3460 18,900,000 28,500,000 349,527 327,000,000
gov 3460 2,795,229 5,140,478 24,375 83,500,000
fdi 3460 119.42 353.64 1.00 4773.00
rd1l 3460 0.03 0.04 0.00 0.79
urb 3460 5.96 5.18 —-16.77 46.83
open 3460 0.06 0.09 0.00 0.80
c_road 3460 8381.76 14,290.84 56.00 286,557
tz 3460 0.11 0.09 0.00 1.27
rlzb 3460 175.53 236.99 1.89 3502.18

4.2.1. Variable Selection

The study mainly draws on Gao et al. and Dai et al. and uses two dimensions
of industrial structure heightening and industrial structure rationalization to measure
industrial structure upgrading [48,49]. Industrial structure heightening refers to the process
of gradually changing the center of gravity of the industrial structure from primary industry
to secondary industry and tertiary industry, and its distinctive feature is the continuous
decrease in the proportion of primary industry. The study uses the ratio between the output
value of the tertiary sector and the output value of the secondary sector to measure the
level of industrial structure heightening. Industrial structure rationalization refers to the
process of rationalizing the allocation of production factors by adjusting the unreasonable
industrial structure to improve economic efficiency and thus promote the coordinated
development of each industry. The study uses the industrial structure Thayer index to
measure the level of rationalization of industrial structure. The Thiel index can reflect
the output value structure of the three major industries and the employment structure of
people. Its calculation formula is as follows:

TL:Z?In(%/%) ©)
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where i denotes the i industry, Y represents the output value, L is the number of employed
people, and % denotes the productivity level per unit of output value. According to classical
economic theory, when the productivity level of each industry tends to be the same, the
economy reaches equilibrium. Therefore, the more the Thiel index tends to zero, the
more the economy tends to be in equilibrium, the more the various sectors of the national
economy tend to develop in a coordinated manner, and the closer the industrial structure is
to rationalization.

4.2.2. Explanatory Variables

The core explanatory variable in this paper is whether the city is a pilot city for carbon
emissions trading, i.e., the dummy variable Treat_time in this paper, which is expressed as
Treat_time = Treat x time. Treat is a regional dummy variable. A value of 1 indicates that
the city is a pilot city for carbon trading, while a value of 0 indicates that the city is not a pilot
city for carbon trading. Time is a time dummy variable that takes the value of 0 before the
year of policy implementation and 1 after the year of implementation. China promulgated
relevant documents on the carbon emissions trading pilot policy in 2011, and the carbon
emissions trading pilot policy in Shenzhen was officially launched in June 2013, so the time
virtual of Shenzhen was taken at the beginning of 2013. Beijing, Tianjin, Shanghai, and
Guangdong Province successively launched their carbon emissions trading pilot policies
in the second half of 2013, and the time dummy variables for these four provinces and
cities are taken as 1 in 2014 and thereafter because of the lag in the implementation of
the policies starting at the end of the year. For Hubei and Chonggqing provinces, the time
dummy variable is also taken to be 1 in 2014 and beyond. Fujian province is the last batch
of provinces and cities to implement the carbon emissions trading pilot policy, and the
policy implementation year is 2016, so its time dummy variable is taken as 1 after 2016.

4.2.3. Control Variables

To explore the net impact of the carbon emissions trading pilot policy on the optimiza-
tion of industrial structure, it is necessary to control for a series of other factors that may
affect the upgrading of industrial structure. The control variables in this paper are selected
as follows.

(1) Level of economic development (gdp): The gross regional product is used to
measure the level of regional economic development. (2) Government fiscal expenditures
(gov): Local general public budget expenditures are used to measure regional government
fiscal expenditures. (3) Foreign investment level (fdi): The number of foreign-invested
enterprises above the scale of the city is used to measure the level of foreign investment in
the region. (4) Science and technology expenditure (rd1): measured using the ratio of science
and technology expenditure to the regional GDP. (5) Population development rate (urb):
The natural population growth rate is used to measure the regional population development
rate. (6) Degree of openness to the outside world (open): the ratio of the number of foreign-
invested enterprises above the scale to the number of domestic-invested enterprises above
the scale is used to measure the degree of openness of the region. (7) Infrastructure
development (c_road): The city’s road passenger volume is used to measure the level of
regional infrastructure development. (8) Fixed asset investment (tz): The ratio of completed
real estate development investment to regional GDP is used to measure regional fixed
asset investment. (9) Human capital stock (rlzb): The ratio of the number of general
undergraduate students to the city’s total population at the end of the year is used to reflect
the level of human capital in the city.

4.2.4. Mechanism Variables

In conjunction with the previous analysis, the mechanism variables of this paper
are selected as follows: (1) Consumption upgrade (rjxfp): the expansion of the consumer
demand of the residents promotes the continuous expansion of the market scale, and the
producers continuously adjust the production scale and product type according to the
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changes in the consumer’s consumption tendency, thus promoting the adjustment of the
industrial structure. The study uses the total retail sales of consumer goods per capita of
residents to express. (2) Green innovation (czfql): Green innovation is a collective term
for technological innovation that promotes environmental protection, energy conservation,
and emission reduction, and it can promote the upgrading of industrial structure by
transforming old industries and creating new ones. The study uses the number of green
patents per capita in prefecture-level cities to measure the degree of green innovation of
enterprises. (3) Logistics development (huoyun): The modern logistics industry is one of
the comprehensive and pillar industries of the national economy, and the development of
the logistics industry has a strong industrial correlation and driving effect. The study uses
road freight volume to measure logistics development.

5. Results
5.1. Parallel Trend Test

The prerequisite assumption to be satisfied using the DID model is that the experimen-
tal and control groups must have the same trend of change before being subjected to the
treatment, i.e., a parallel trend test is required before using the DID model. The multi-period
DID model differs from the traditional DID model in that it is not possible to use a fixed
time as a critical point because the time of policy implementation is not unique. Referring
to Beck et al. [50], this paper divides the time axis into 7 periods before and 4 periods after
the policy implementation, takes the policy implementation period as the critical point, and
tests whether it is consistent with the parallel trend by averaging the treatment effects of the
periods before and after the policy implementation. The results are shown in Figure 5. The
results in Figure 5 show that the regression coefficient of beforel-before7 is not significant
and fluctuates around 0 before the policy is implemented. After the implementation of
the policy, the coefficients of afterl-after4 show a decreasing pattern, and the coefficient
value of before4 is significantly negative, while its confidence interval does not contain 0.
This indicates that the model established in the study passes the parallel trend test and that
there is a lag in the effect of the policy.
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Figure 5. Parallel trent test.

5.2. Baseline Analysis

Table 3 reports the basic regression results for the impact of the carbon emissions
trading pilot policy on upgrading industrial structure. Columns (1) and (3) are the results
of the regressions of the carbon emissions trading pilot policy on the rationalization of
industrial structure and the heightening of industrial structure, respectively, without adding
any control variables. Columns (2) and (4) are the regression results of the carbon trading
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pilot policy on industrial structure rationalization and industrial structure heightening,
respectively, after adding the control variables.

Table 3. Baseline regression results.

Rationalization of Industrial Structure = Heightening of Industrial Structure

Variables
1) (2) 3) @)
Treat_time —0.1463 *** —0.0747 *** 0.1634 ** 0.0178 *
(=5.72) (—3.01) (2.62) (1.72)
Ingdp —0.4013 *** —0.0391 ***
(—11.24) (—2.63)
Ingov 0.0050 0.0098
(0.21) (1.00)
Infdi —0.0390 ** —0.0035
(—2.28) (—0.50)
rd1l —1.9340 *** —0.2158
(—5.67) (—1.52)
urb —0.0001 —0.0003
(—0.06) (—0.67)
open 0.4014 ** —0.0305
(2.20) (—0.40)
Inc_road 0.0147 —0.0068
(1.44) (—1.60)
tz —0.1087 —0.0784 **
(—1.24) (—2.14)
rlzb 0.0003 *** —0.0000
(5.12) (—0.34)
_cons 0.9487 *** 7.0439 *** 0.4580 *** 0.8177 ***
(60.54) (13.34) (4.83) (3.72)
time fixed Yes Yes Yes Yes
city fixed Yes Yes Yes Yes
N 3460 3460 3460 3460
R? 0.2827 0.3090 0.0042 0.0242

Notes: ***, ** * indicate significant at the 1%, 5%, and 10% levels, respectively, with t-values in parentheses.

Columns (1) and (2) in Table 3 report the impact of the carbon emissions trading pilot
policy on the rationalization of industrial structure. The regression results from columns
(1) and (2) show that the estimated coefficient of the core explanatory variable Treat_time is
—0.1463 and is significantly negative at the 1% level when no control variables are included.
After adding a series of control variables, the estimated coefficient of Treat_time changes to
—0.0747, and the absolute value of the coefficient decreases but remains significantly posi-
tive at the 1% level. It can be found that the coefficient value of Treat_time is significantly
negative at the 1% level with or without the inclusion of control variables, which indicates
that the implementation of the carbon emissions trading pilot policy significantly promotes
the rationalization of industrial structure.

Columns (3) and (4) in Table 3 report the impact of the carbon emissions trading pilot
policy on the heightening of the industrial structure. The regression results in columns
(3) and (4) show that the estimated coefficient of the core explanatory variable Treat_time is
0.1634 and is significantly positive at the 5% level when no control variables are included.
With the addition of a series of control variables, the estimated coefficient and significance
of Treat_time are reduced but still significantly positive at the 10% level, with a coefficient
value of 0.0178. It can be found that the coefficient value of Treat_time is significantly
positive with or without the inclusion of control variables, which indicates that the imple-
mentation of the carbon emissions trading pilot policy significantly promotes the level of
urban industrial structure heightening.
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5.3. Robustness Tests

To ensure the reliability of the regression results, this paper uses the following four
methods to test the robustness of the carbon emissions trading pilot policy on industrial
structure upgrading: excluding the possible interference of other policies, excluding the
interference of outliers, the PSM-DID method, and the placebo test. Due to the limited
space of the article, only the regression results with industrial structure rationalization as
the explanatory variable are presented, and the robustness test results of carbon emissions
trading pilot on industrial structure heightening are prepared.

5.3.1. Excluding the Possible Interference of Other Policies

The sample period of this study is 20062019, during which the Chinese government
also introduced the pilot policies of “smart city” and “innovative city,” which can sig-
nificantly improve the innovation capacity of cities and thus promote the upgrading of
industrial structure. To exclude the potential interference of these policies on the results
of this paper, the dummy variables of “smart city” and “innovative city” pilot policies are
included in the model and regressed separately. The results are shown in columns (1) and
(2) of Table 4. The absolute value of the coefficient of Treat_time, although slightly lower, is
still significantly negative at the 1% level, indicating that the results of this study are robust.

Table 4. Robustness test results.

Smart City Innovative City = Tail Reduction Method PSM-DID

Variables
1 2) 3) 4)
Treat_time —0.0689 *** —0.0688 *** —0.0950 *** —0.0690 **
(—2.83) (—2.82) (—3.92) (—2.83)
_cons 7.6840 *** 7.6762 *** 8.4437 *** 7.699 ***
(13.90) (13.79) (16.26) (14.28)
smart 0.0296
(0.12)
innovative 0.0262
(0.11)
time fixed Yes Yes Yes Yes
city fixed Yes Yes Yes Yes
control Yes Yes Yes Yes
N 3460 3460 3460 3460
R? 0.3091 0.3091 0.3297 0.3091

Notes: *** and**indicate significant at the 1% and 5%levels, respectively, with t-values in parentheses.

5.3.2. Excluding the Interference of Outliers

In order to exclude outliers from the sample, the study uses tailoring and regression at
the 2% level. As shown by the regression results in column (3) in Table 4, the value of the
Treat_time term coefficient is —0.095, and the absolute value of the coefficient has increased
and is still significantly negative at the 1% level. This indicates that after excluding outliers,
the effect of policy implementation on industrial structure upgrading still exists, and the
results of this study are robust.

5.3.3. PSM-DID Method

Although DID can isolate the net effect of low-carbon pilot city policies on upgrading
the industrial structure, errors in the sample selection process are inevitable. To avoid
the effect of randomness on the model results, the study introduces propensity score
matching (PSM) methods. According to Equations (1) and (7), the control variables are
used as covariates, and whether it is a pilot city for carbon emissions trading is used as
an explanatory variable for logit regression. After propensity score matching values are
obtained, the city with the closest propensity score match is used as the control group. The
results of the equilibrium test prove that there are no significant systematic differences
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between the covariates of the two groups after matching, and the study is suitable for the
PSM-DID method. Column (4) in Table 4 shows the regression results of the DID model
after propensity score matching, and it can be found that the regression coefficients of
Treat_time are all significant and close to those of the multi-period DID model, indicating
that the results of this study are robust.

P (Whether it is a pilot city for carbon emissions trading) = f(X; ;) (7)

5.3.4. Placebo Test

Considering that there may be other unobservable factors affecting the industrial
structure upgrade that lead to significant differences between the experimental and control
groups, a placebo test is used in this study to exclude potential confounding by such
factors. This is done as follows: randomize the treatment group, randomly sample the
treatment group variables a certain number of times and regress them 1000 times, and
observe whether the kernel density plots of the randomized Treat_time coefficients or
observations are concentrated around 0 and whether they deviate significantly from their
true values. Figure 6 shows that the Treat_time coefficient shows a normal distribution
around 0 after 1000 randomly selected samples of data, proving that the study passed the
placebo test and that the study findings are reliable.
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Figure 6. Placebo test.

5.4. Heterogeneity Tests
5.4.1. City Scale Heterogeneity

There are large differences in population size among different cities in China, which
may lead to differences in the degree of factor occupation and economic development
levels among cities. Consequently, the promotional effect of carbon emissions trading
pilot policies on industrial structure upgrading varies. In this study, according to the
national city size classification standard, the sample is divided into four subsamples of
small and medium-sized cities, Type I large cities, Type II large cities, and mega cities for
the heterogeneity analysis of city size with reference to the Notice on Adjustment of City
Size Classification Standard issued by the State Council in 2014. The regression results are
shown in Table 5.
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Table 5. Results of the city-scale heterogeneity test.

Rationalization of Industrial Structure Heightening of Industrial Structure
Small and Small and
Variables Medium- Type II Type I Large Mega Cities Medium- Type II Type I Large Mega
Sized Large Cities Cities 8 Sized Large Cities Cities Cities
Cities Cities
1) 2) 3) 4) (5) (6) (7) (8)
Treat_time —0.1618 —0.2851 *** —0.0726 * 0.0450 0.0091 0.0389 0.0341 ** —0.0048
(—1.18) (—4.90) (—1.76) (1.33) (0.27) (1.15) (2.37) (—0.40)
_cons 7.8928 *** 7.0358 *** 12.6970 *** 5.3049 *** 0.3773 1.3340 ** 1.1626 *** 0.7508 **
(4.38) (6.21) (12.33) (6.22) (0.86) (2.01) (3.25) (2.46)
time fixed Yes Yes Yes Yes Yes Yes Yes Yes
city fixed Yes Yes Yes Yes Yes Yes Yes Yes
control Yes Yes Yes Yes Yes Yes Yes Yes
N 278 807 879 1204 278 809 880 1207
R2 0.4806 0.3109 0.3949 0.3316 0.1319 0.0362 0.0948 0.0363

Notes: ***, ** * indicate significant at the 1%, 5%, and 10% levels, respectively, with t-values in parentheses.

Columns (1)—(4) of Table 5 mainly report the impact of the implementation of the
carbon emissions trading pilot policy on the rationalization of the industrial structure
under four city sizes. Based on the results in Table 5, it is clear that the carbon emissions
trading pilot policy has a significant positive contribution to the rationalization of the
industrial structure of Type I and Type II large cities, while the contribution to small- and
medium-sized cities and mega cities is not significant. Columns (5)—(8) in Table 5 report the
impact of the carbon emissions trading pilot policy on the heightened industrial structure
for the four city sizes. The results show that the carbon emissions trading pilot policy has
a significant positive contribution to the heightened industrial structure of Type I large
cities, while the contribution of other sized cities is not significant. This may be because
the larger the city, the more obvious the agglomeration effect. The lower pollution control
cost per unit and high revenue from environmental regulation in agglomeration areas,
the more attractive it is for industrial agglomeration. This can promote technological
innovation and industrial structure upgrading, so the impact of carbon emissions trading
pilot policy on industrial structure upgrading in large cities is more significant. For mega-
cities with a resident population of more than 5 million, the environmental pollution
and other “urban diseases” that accompany population clustering can lead to inefficient
urban governance. At the same time, the regional coordination mechanism and cross-
regional governance mechanism between mega-cities and neighboring cities have not
been fully established, which restricts technology diffusion and resource sharing between
regions, resulting in the carbon emissions trading pilot policy being hindered in promoting
industrial structure upgrading.

5.4.2. Urban Geographic Heterogeneity

China’s vast territory and the development of large differences between regions,
resulting in the stage of economic development and industrial structure layout, show
obvious regional differences. Based on the combined geographic location and economic
development level, the study divides the cities in the sample into eastern, central, and
western cities to explore urban geographic heterogeneity. Columns (1) to (3) in Table 6
show the regression results of the impact of carbon emissions trading pilot policies on the
level of the industrial structure rationalization in east, central, and west cities, respectively.
It can be found that the coefficient of Treat_time is significantly positive at the 10% level,
with a coefficient value of 0.087 in the eastern city subsample, which indicates that the pilot
policy has a suppressive effect on industrial structure rationalization in the eastern region.
In the subsample of central cities, the coefficient of Treat_time is significantly negative at
the 1% level, with a coefficient value of —0.138, which indicates that the pilot policy has
promoted the industrial structure of central cities to rationalize their development. The
coefficient of Treat_time is positive and insignificant in the subsample of western cities,
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indicating that the pilot policy of the carbon emissions trading has no significant impact
on the rational development of the industrial structure in the western region. At the same
time, the demand for environmental management is stronger in the eastern region, and
pollution-intensive industries usually choose to move to areas with lax environmental
policies when they are under the pressure of high environmental protection costs, which
increases the replacement cost of factors and is not conducive to the optimal allocation
of resources between industries, thus inhibiting the rationalization level of the industrial
structure in the eastern region. In contrast, the central region is densely populated, rich
in natural resources, well-developed infrastructure, and low labor costs, which attracts
industries from the eastern region to shift; thus, the carbon emissions trading pilot policy
significantly promotes the rationalization of industrial structure in the central region.

Table 6. Results of the city geographic location heterogeneity test.

Rationalization of Industrial

Variables Structure Heightening of Industrial Structure
Eastern Central Western Eastern Central Western
Cities Cities Cities Cities Cities Cities
1) (2) 3) 4) (5) (6)
Treat_time 0.0869 * —0.1380 *** 0.1688 —0.0384 0.0447 *** —0.0417
(1.69) (—4.35) (1.19) (—1.42) (4.60) (—0.60)
time fixed Yes Yes Yes Yes Yes Yes
city fixed Yes Yes Yes Yes Yes Yes
control Yes Yes Yes Yes Yes Yes
N 1101 1414 653 1103 1418 653
R? 0.3593 0.3581 0.2966 0.0854 0.0691 0.0555

Notes: ***, * indicate significant at the 1% and 10% levels, respectively, with t-values in parentheses.

5.4.3. Urban Resource Endowment Heterogeneity

Resource-based cities are cities with mining and processing of natural resources, such
as minerals, as their leading industry, and their own industrial structure is very different
from that of non-resource-based cities. Therefore, the impact of carbon emissions trading
pilot policies on upgrading industrial structure may differ in cities with different resource
endowments. This study explores resource endowment heterogeneity by dividing the
sample into a resource-based city subsample and a non-resource-based city subsample
based on the National Sustainable Development Plan for Resource-based Cities (2013-2020).
The regression results are shown in Table 7. Columns (1) and (2) in Table 7 report the
regression results of the pilot policy on industrial structure rationalization. It can be seen
that the effects of the carbon emissions trading pilot policy on both resource-based and
non-resource-based cities are significantly negative at the 5% level, with coefficient values
of —0.1023 and —0.0596, respectively, indicating that the environmental regulation policy
can significantly promote the rational allocation of production factors within industries in
resource-based and non-resource-based cities, and the coordinated development among
industries and sectors of the national economy within the region.

Columns (3) and (4) in Table 7 report the results of the pilot policy on the heightening
of the industrial structure. It can be found that the policy coefficient Treat_time of the
pilot policy for resource-based cities is not significant, and the policy coefficient Treat_time
for non-resource-based cities is significantly positive at the 5% level, with a coefficient
value of 0.0207. This shows that the pilot policy has a significant promotional effect on the
development of highly structured industries, and the promotional effect on resource-based
cities is not obvious.
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Table 7. Results of the urban resource endowment heterogeneity test.

Rationalization of Industrial Heightening of Industrial Structure

Structure
. Resource-Based Non-Resource- Resource-Based Non-Resource-
Variables ors Based .rs Based
Cities A Cities A
Cities Cities
1) (2) 3) 4)
Treat_time —0.1023 ** —0.0596 ** —0.0011 0.0207 **
(-1.97) (—=2.07) (—0.04) (2.10)
time fixed Yes Yes Yes Yes
city fixed Yes Yes Yes Yes
control Yes Yes Yes Yes
_cons 8.2320 *** 6.8596 *** 0.9738 ** 0.9631 ***
(10.69) (8.88) (2.30) (3.64)
N 1273 1895 1276 1898
R? 0.4098 0.2566 0.0294 0.0317

Notes: *** and**indicate significant at the 1% and 5%, levels, respectively, with t-values in parentheses.

5.5. Mechanism Tests

Based on the previous hypotheses H2a to H2c, the study further tests whether the
carbon emissions trading pilot policy will have an impact on the industrial structure
through three paths: promoting consumption upgrading, green innovation, and logistics
development. Table 8 reports the results of the mechanism test of the carbon emissions
trading pilot policy on the rationalization of industrial structure. In terms of consumption
upgrading, the results from column (1) show that the regression coefficient of the pilot
policy on consumption upgrading, although positive, is not significant, so we further
conduct a Sobel test, and the test results are presented in Table 9. A z-value of 1.674 and
a p-value of 0.094 can be found, which indicates that the Sobel test has passed, and the
implementation of the pilot policy significantly and positively promotes consumption
upgrading. We further include the consumption upgrade variable and run the regression,
and the results are presented in column (2). The coefficient of the core explanatory variable
Treat_time is significantly negative at the same time as the coefficient of consumption
upgrading, proving that consumption upgrading is the mechanism by which the carbon
emissions trading pilot policy affects the rationalization of industrial structure.

Table 8. Industrial structure rationalization mechanism test results.

Consumption Upgrade Green Innovation Logistics Develpment

Variables Lnrjxfp P_Industry Rg_ino P_Industry Lnhuoyun P_Industry

(1) () (3) 4) (5) (6)
Treat_time 0.0097 —0.0681 *** 02769 ***  —0.1020 ***  0.1798 ***  —0.0574 **
(0.47) (—2.80) (5.57) (—4.09) (4.92) (—2.35)
Inrjxfp —0.0619 ***
(—2.80)
czfql —0.2937 ***
(—3.38)
Inhuoyun —0.0637 ***
(—5.15)
_cons 6.9770 *** 8.1709 *** 8.1709 ***  —7.9083 *** 1.1983 7.7767 ***
(15.36) (14.58) (14.58) (—6.89) (1.48) (14.49)
N 3460 3460 3460 3460 3460 3460
R? 0.8733 0.3111 0.3111 0.3069 0.5313 0.3154

Notes: *** and ** indicate significant at the 1% and 5% levels, respectively, with t-values in parentheses.
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Table 9. Sobel test results.

Coef Std Err Z P>Z
Sobel 0.012799 0.007646 1.674 0.094143

In terms of green innovation, the results of column (3) in Table 8 show that the
coefficient of the pilot policy Treat_time is significantly positive at the 1% level, with
a coefficient value of 0.277, indicating that the implementation of the pilot policy can
significantly promote green innovation. The results in column (4) show that the coefficient
of the core explanatory variable Treat_time is significantly negative at the 1% level at the
same time as the coefficient of the consumption upgrade, indicating that green innovation is
the mechanism by which the carbon emissions trading pilot policy affects the development
of the industrial structure in the direction of rationalization.

In terms of logistics development, the results of columns (5) and (6) in Table 8 show
that the coefficient of the pilot policy Treat_time is significantly positive at the 1% level,
with a coefficient value of 0.180, which indicates that the implementation of the pilot policy
can significantly promote logistics development. The results in column (4) show that the
coefficient of the core explanatory variable Treat_time is simultaneously and significantly
negative at least at the 5% level with the coefficient of the consumption upgrade, indicating
that logistics development is the mechanism by which the carbon emissions trading pilot
policy influences the industrial structure toward rationalization.

Table 10 reports the results of the mechanism test of the carbon emissions trading pilot
policy on the heightening of the industrial structure. In terms of consumption upgrading,
the results in columns (1) and (2) show that the coefficients of the policy variable Treat_time,
although positive, are not significant, so consumption upgrading is not a mechanism by
which pilot policy influences the development of a heightened industrial structure.

Table 10. Industrial structure heightening mechanism test results.

Consumption Upgrade Green Innovation Logistics Develpment
Variables Lnrjxfp P_Industry Rg_ino Larjxfp P_Industry Rg _ino
(1) (2) 3) 4) (5) (6)
Treat_time 0.0097 0.0163 0.2769 *** 0.0206 * 0.1798 *** 0.0155
(0.47) (1.58) (5.57) (1.93) (4.92) (1.50)
Inrjxfp —0.0088
(—0.93)
czfql 0.0039 *
(1.95)
Inhuoyun 0.0036
0.67)
_cons 6.9770 *** 0.9734 ***  —7.9083 ***  1.0099 *** 1.1983 0.9061 ***
(15.36) (4.08) (—6.89) (4.10) (1.48) (3.95)
3460 3460 3460 3460 3460 3460
N 0.8733 0.0241 0.3069 0.0265 0.5313 0.0240

Notes: *** and * indicate significant at the 1% and 10% levels, respectively, with t-values in parentheses.

In terms of green innovation, the results of columns (3) and (4) in Table 10 show
that the coefficient of the pilot policy Treat_time is significantly positive at the 1% level,
with a coefficient value of 0.277, indicating that the implementation of the pilot policy can
significantly promote green innovation. The results in column (4) show that the coefficients
of the core explanatory variables Treat_time and green innovation are both significantly
positive at the 10% level, indicating that green innovation plays a partial mediating effect
in the development of a carbon trading pilot policies, affecting the industrial structure in
the direction of heightening.
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In terms of logistics development, according to the results of columns (5) and (6) in
Table 10, while the coefficient of pilot policy Treat_time in column (5) is significantly positive
at the 1% level, the coefficients of pilot policy Treat_time as well as logistics development
in column (6) are not significant. This suggests that although the carbon emissions trading
pilot policy can significantly promote logistics development, logistics development is not
the mechanism by which the pilot policy influences the development of a highly structured
industry.

6. Discussion

The results in Table 3 show that the positive promotion effect of carbon emissions
trading pilot policy on industrial structure upgrading is proved both based on the per-
spective of the industrial organization rationalization and industrial structure heightening,
which also verifies hypothesis H1 of this paper. This may be because the carbon emissions
trading policy serves as a turning point for entities to bridge the energy-efficiency gap.
It encourages enterprises to upgrade through technological transformation in order to
achieve energy savings and emission reduction by means of market incentives, helping
them to improve the energy efficiency gap of their facilities, thereby facilitating the shift
of technology and capital to low-carbon development areas and promoting the indus-
trial structure upgrading toward low energy consumption and high value-added, thus
promoting a highly developed industrial structure [51]. At the same time, technological
innovation and institutional improvement caused by environmental regulation policy
have led to the reasonable distribution of factors among industries and the coordinated
development among industries, which in turn has promoted the rationalization of the
industrial structure.

The results in Table 5 may be because the larger the city, the more pronounced the
agglomeration effect. The lower pollution control cost per unit and high revenue from
environmental regulation in agglomeration areas, the more attractive it is for industrial
agglomeration. This can promote technological innovation and industrial structure upgrad-
ing, so the impact of carbon emissions trading pilot policy on industrial structure upgrading
in large cities is more significant. For megacities with a resident population of more than 5
million, the environmental pollution and other “urban diseases” that accompany popu-
lation clustering can lead to inefficient urban governance. At the same time, the regional
coordination mechanism and cross-regional governance mechanism between mega-cities
and neighboring cities have not been fully established, which restricts technology diffusion
and resource sharing between regions, resulting in the carbon emissions trading pilot policy
being hindered in promoting industrial structure upgrading.

The results in Table 6 may be due to the earlier economic start in the eastern part of
China. Relying on regional advantages and preferential policies, the process of economic de-
velopment has been smoother, and there is no need to sacrifice the environment excessively
because of economic development. Meanwhile, for the western region, its weak economic
foundation and late start of development have led to the lack of characteristic dominant
industries, so the low level of repeated construction has led to the convergence of the
industrial structure in the western region and the low correlation between enterprises, and
the implementation of the carbon emissions trading pilot policy has not had a significant
impact on the rational development of the industrial structure in the western region.

The results in Table 7 may be due to resource-based cities being prone to the “resource
curse” phenomenon compared with non-resource-based cities, and the resource-dependent
path makes it more difficult to promote the upgrading of leading industries to tertiary indus-
tries in resource-based cities, so the pilot policy cannot play the expected role of promotion.

The results in Table 8 may be due to the following reasons: (1) In terms of the consumer
upgrade path, the possible reason is that the scale effect under green consumption can
bring more development opportunities to the industry and promote the investment and
production of the industry, so the resource factors are reasonably allocated and the indus-
tries get coordinated development through mutual cooperation; thus, the carbon emissions
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trading pilot policy drives the rationalization of industrial structure through consumption
upgrading. (2) In terms of green innovation, the possible reason is that the implementation
of the carbon emissions trading pilot policy will not have a negative impact on the economic
performance of enterprises [52]. Under the incentive of carbon emissions trading pilot
policy, industrial enterprises have combined the specific processes of pollution emission
management and cost savings to obtain more benefits, thus promoting the rationalization
of industrial structure. (3) In terms of logistics development, the possible reason is that
due to the fact that the pilot policy of carbon emissions trading stipulates carbon emission
quotas for each enterprise upstream and downstream of the logistics industry chain, thus
promoting logistics enterprises to improve resource utilization efficiency, strengthen the
adoption of new energy materials and the development of new technologies, and also
promote the development of other industries related to the logistics industry, such as the
development of artificial intelligence and other new industries as well as the coordina-
tion, which can better improve the efficiency of resource allocation and thus significantly
promote the rationalization of industrial structure.

The results in Table 10 may be due to the following reasons: (1) In terms of the con-
sumer upgrade path, the reason may be because although the carbon emissions trading
pilot policy has promoted consumption upgrading in China as a whole, the economic de-
velopment level and income level in the central and western regions are still low, and labor
mo-bility to higher levels is still weak, so that consumption upgrading cannot influence
the development of a heightened industrial structure. Combined with the results of the
previous analysis, hypothesis H2a partially holds. (2) In terms of green innovation, this
may be due to the fact that the specialization and socialization of industrial production
will be promoted by the carbon emissions trading pilot policy, which in turn will lead to
the transformation of each region from labor-intensive and polluting industries to green
industries and promote the transformation of the industrial structure to a high level. Com-
bined with the results of the previous analysis, hypothesis H2b is fully valid. (3) In terms
of logistics development, this may be because the development of the logistics industry
needs a large amount of labor, and although the development of the artificial intelligence
industry can promote the transformation of the logistics industry to a high degree, the
infrastructure in the central and western regions is more backward, the lack of financial and
technological support, the logistics sharing platform is not perfect, and the allocation of
logistics networks and regional economic resources is unreasonable. Therefore, promoting
the development of the artificial intelligence logistics industry in the central and western
regions temporarily faces greater obstacles. The development of the logistics industry in
the central and western regions still needs a large amount of labor force as support, and
logistics development does not promote the development of industrial structure in the
direction of heightened. Combined with the results of the previous analysis, hypothesis
H2c partially holds.

7. Conclusions

This study analyzes the data of 280 prefecture-level cities in China from 20062019 by
constructing a multi-period DID model and a mechanism test model to study the impact of
the carbon emissions trading pilot policy on industrial structure upgrading. The following
conclusions are obtained.

First, the implementation of the carbon emissions trading pilot policy significantly
promotes the rationalization of industrial structure and the development of a high industrial
structure. The empirical study shows that the carbon emissions trading pilot policy can
effectively promote rationalization, as well as the heightened development of industrial
structure, which proves hypothesis H1. Meanwhile, this study verifies the robustness of
the empirical results through four robustness tests: excluding possible interference from
other policies, the reduced tail method, propensity score matching, and the placebo test.

Second, there are significant heterogeneous characteristics of the impact of carbon
emissions trading pilot policies on upgrading the industrial structure. The rationalization
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and highly developed industrial structure of carbon emissions trading pilot policies are
heterogeneous in three aspects: city size, geographical location, and nature resource en-
dowment. The carbon emissions trading pilot policy has a significant promotion effect on
the highly structured industrial structure of Type I large cities, and the promotion effect on
other sized cities is not obvious. In terms of geographical location, the pilot policy signifi-
cantly inhibits the rationalization of industrial structure in the eastern region, significantly
promotes the rationalization and heightened development of industrial structure in the
central region, and does not have a significant effect on the western region. In terms of
resource endowment, the carbon emissions trading pilot policy makes a significant contri-
bution to the rationalization of industrial structure development in both resource-based
cities and non-resource-based cities, and the impact on the highly developed industrial
structure in non-resource-based cities is more significant.

Third, there are multiple paths of action for the carbon emissions trading pilot policy
on upgrading industrial structures. The carbon emissions trading pilot policy can promote
the rationalization of industrial structure through three paths: consumption upgrading,
green innovation, and logistics development. In terms of industrial structure heightening,
carbon emissions trading pilot policy can only promote industrial structure heightening
development through the green development path, while upgrading consumption and
logistics development fail to form the path of the pilot policy’s effect on industrial structure.
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