
Citation: Lei, G.; Guo, S.; Yuan, Z.

Study on the Effect and Mechanism

of Circular Economy Promotion Law

on the Utilization Rate of Industrial

Solid Waste in Resource-Based Cities.

Sustainability 2022, 14, 9878.

https://doi.org/10.3390/su14169878

Academic Editor: Shervin Hashemi

Received: 22 June 2022

Accepted: 5 August 2022

Published: 10 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Study on the Effect and Mechanism of Circular Economy
Promotion Law on the Utilization Rate of Industrial Solid Waste
in Resource-Based Cities
Gaowen Lei, Sidai Guo * and Zihan Yuan

School of Economics and Management, Southwest University of Science and Technology, Mianyang 621010, China
* Correspondence: guosidai@swust.edu.cn

Abstract: In recent decades, the impact of industrial solid waste (ISW) on the environment is arousing
the government’s attention. Improving the comprehensive utilization rate of ISW not only reduces
environmental pollution, but also promotes the recycling of resources and eases the pressure on
resources. This study uses the panel data of 278 prefecture-level cities in China from 2003 to 2015
to establish a DID model then empirically analyze the impact of the Circular Economy Promotion
Law (CEPL) on the comprehensive utilization rate of ISW in resource-based cities. It was found that
implementation of the CEPL improved the comprehensive utilization rate of ISW in resource-based
cities. Furthermore, the higher the city’s environmental regulation score, the more obvious the effect
of the CEPL on the comprehensive utilization rate of ISW. This study also found that the impact
of CEPL on the comprehensive utilization rate of ISW in resource-based cities will change due to
variation of city’s type and city’s location. This study not only enriches the theoretical basis for the
research on factors affecting ISW management, but also provides new ideas for transforming the ISW
management model and realizing a “win-win” between the economy and the ecological environment.

Keywords: resource-based cities; industrial solid waste; DID; circular economy promote law

1. Introduction

With rapid population growth, fast urbanization, increasing economic development [1],
industrial solid waste (ISW) grows rapidly along with social development and is closely
related to the economy [2,3]. According to statistics from the Ministry of Ecology and
Environment of the People’s Republic of China, in 2019, the general ISW generated in
196 large and medium-sized cities across the country reached 1.38 billion tons, the compre-
hensive utilization volume was 850 million tons, the disposal volume was 310 million tons,
the storage volume was 360 million tons, and the dumping and discarding volume was
42,000 tons. The comprehensive utilization of general ISW accounted for 55.9% of the total
utilization, disposal, and storage, 20.4% and 23.6%, respectively. This not only occupies a
lot of lands, but also poses a long-term potential threat to air, water, and soil [4]. Despite
the increasing use of waste as a renewable resource [5], the prevention and treatment of
ISW pollution have received insufficient attention due to the hysteresis of ISW’s damage
to the environment [6]. Due to the treatment of ISW as an economic activity with positive
externalities, the ability of enterprises to deal with ISW is often limited. Consequently, the
so-called “market failure” phenomenon will occur, then the government needs to perform
its functions to solve the problem of market failure. In China, several environmental reg-
ulations have been launched to promote the treatment and prevention of pollution from
ISW since the late 1990s. The implementation of the Circular Economy Promotion Law
(CEPL) in 2009 is one of the important measures. Understanding the impact of specific
policies and regulations on the utilization of ISW in cities is an important way to improve
the management level of cities’ ISW. However, relevant studies are still scarce today.

Sustainability 2022, 14, 9878. https://doi.org/10.3390/su14169878 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14169878
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su14169878
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14169878?type=check_update&version=1


Sustainability 2022, 14, 9878 2 of 20

In the past few decades, scholars’ research on ISW is mainly focused on how to
reduce its pollution through technical means. By comparing four different ISW treatment
methods, Nouri et al. found that a combination of landfill, incineration, and recycling
is the best treatment method [7]. Yao et al. found that the use of lightweight porous
concrete as a building material can effectively reduce the impact on the environment [8]. In
addition, by comparing the different situations in Finland, France, and China, Dong et al.
found that the use of gasification technology for waste-to-energy can effectively reduce
the environmental impact of solid waste [9]. Through the method of life cycle assessment,
Pérez et al. found that solid waste material separation and improved recycling process can
reduce its carbon footprint [10]. Existing studies have also analyzed the effectiveness of
solid waste management policies from the perspective of policy evaluation. Taking Brazil
as the research object, Cetrulo et al. found that the solid waste management policy did not
achieve the expected goal, which was mainly caused by the different focus of the policy [11].
This is consistent with the research results of Periathamby et al. who used Malaysia as
the research object [12]. However, unlike Malaysia and Brazil, by analyzing the effect of
China’s waste charging policy, Wu et al. found that this policy resulted in residents taking
the initiative to reduce household waste at source, which in turn curbed waste generation,
in other words, China’s solid waste management policy is effective [13]. It can be seen that
current studies either focus on how different treatments of ISW can prevent and reduce the
pollution of ISW or on how policies and regulations can prevent the generation of solid
waste, and few studies pay attention to how policy regulations can affect the utilization of
ISW. In fact, solid waste and ISW are different.

Therefore, the purpose of this paper is to take China’s CEPL, an environmental regula-
tion was launched to promote the treatment and prevention of pollution from ISW, as the
research object and apply the difference-in-differences (DID) method and two-way fixed ef-
fects model to empirically analyze whether the CEPL has promotion effect on resource-based
cities’ comprehensive utilization rate of ISW. For each city, the laws and regulations passed
and implemented at the national level can be regarded as a quasi-natural experiment that
satisfies the condition of homogeneity, while resource-based cities are fixed. Therefore, it
is possible to identify the impact of the implementation of the CEPL on the comprehensive
utilization rate of ISW in resource-based cities through the DID method. In addition, we
use propensity score matching and instrumental variables to accurately identify this impact.
Compared with other studies, the contributions of this paper are as follows:

(1) Considering the CEPL as the entry point for the first time, it discusses in detail the
impact of the CEPL on the comprehensive utilization rate of ISW in resource-based cities.

(2) Based on the official promotion tournament hypothesis, the specific impact mech-
anism of CEPL on the comprehensive utilization rate of ISW in resource-based cities is
discussed considering the competition for promotion of local officials.

(3) Using a variety of robustness tests, it empirically verifies that when the resource
constraint bottleneck is reached, strengthening environmental law enforcement can provide
an important direction for resource-based cities to alleviate the pressure from scarcity of
resources.

The rest of this paper is arranged as follows: the second section introduces the back-
ground of the CEPL, resource-based cities, and the research hypotheses; the third section
introduces the data and methodology; the fourth section presents the results of empirical
test; finally, the conclusions and policy recommendations are offered in the fifth section.

2. Policy Background and Theoretical Analysis
2.1. Circular Economy Promotion Law (CEPL)

The idea of a circular economy originated from the spaceship theory proposed by
American economist Boulding in the 1960s [14], he advocated the establishment of a “circu-
lar economy” that does not deplete resources, does not cause environmental and ecological
pollution, and can recycle various resources, instead of the “single-program economy” of
the past [15]. In the 1990s, sustainable development strategies became a global trend. Envi-
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ronmental protection, cleaner production, green consumption, and waste recycling began
to be integrated into a systematic economic development model characterized by recycling
resources and avoiding waste generation. Meanwhile, some developed countries, such
as Germany and Japan, have started the legislative practice of circular economy [16–18].
Influenced by other countries, the concept of circular economy was initially introduced
into China in the 1990s [16,19], and often is discussed through the “3R” principles [20],
which include the reduce principle of minimizing input of production factors [21], the
reuse principle of putting fewer factors into production [22], and the recycling principle
of regarding waste materials as one of the production factors [20]. At the same time, after
nearly two decades of unprecedented growth in industrial manufacturing, China started to
face a variety of pressing environmental challenges [23], including increasing ISW. To solve
this problem, Chinese policymakers had begun to consider circular economy legislation.

In 1996, the former State Planning Commission of China submitted a draft law on the
comprehensive utilization of resources to the State Council, but it did not work because
of different views on it. At the end of the 20th century, the Environmental and Resource
Protection Committee of the National People’s Congress, influenced by foreign cleaner
production legislation, began to discuss issues related to the formulation of cleaner produc-
tion laws. In 1999, following the legislative plan of the Ninth National People’s Congress
Standing Committee, the Environmental Resources Commission established a drafting
leading group for the Cleaner Production Promotion Law and entrusted the Economic and
Trade Commission of the State Council to draft the law. After 3 years, a draft was formed
and submitted to the Standing Committee of the National People’s Congress. In June 2002,
this law was reviewed and passed at the 28th meeting of the Standing Committee of the
Ninth National People’s Congress.

Since 2002, influenced by some developed countries’ research on waste recycling and
the improvement of corresponding legal systems, scholars in China had begun to put
forward proposals for the comprehensive utilization of cleaner production and resources.
Further, they also considered the development of a circular economy and relative legislative
work. Their perspectives received the attention of the legislature. In March 2005, President
Hu Jintao clearly proposed to speed up the formulation of the CEPL, then the Standing
Committee of the National People’s Congress decided to include the formulation of the
CEPL into a legislative plan. According to the legislative plan of the Standing Committee
of the National People’s Congress, the Environmental and Assets Supervision and Admin-
istration Commission established the CEPL drafting leading group, formally launched the
CEPL legislative work. In August 2008, the Fourth Meeting of the 11th Standing Committee
of the National People’s Congress deliberated and passed the CEPL, which was formally
implemented on 1 January 2009.

The framework design of the CEPL is based on the main line of “reduce, reuse and
recycle and resource”. In terms of reduction, CEPL specifies that reasonable programs,
mining sequences, methods, and beneficiation processes should be developed to extract
mineral resources, while encouraging the use of non-toxic and non-hazardous solid waste to
produce construction materials. In the term of reuse, recycling, and resourcefulness, CEPL
clarifies the comprehensive utilization of ISW, requiring enterprises to comprehensively
utilize industrial wastes such as fly ash generated in the production process in accordance
with national regulations to improve the level of waste reuse and resource utilization. In
addition, if an enterprise does not have the conditions for comprehensive utilization of the
waste generated in the production process, it shall provide it to qualified producers and
operators for comprehensive utilization.

2.2. Resource-Based City

Resource-based cities are cities that use regional mineral and forestry resources in their
leading industries. With the advent of the industrial revolution, resource-based cities have
appeared on a large scale worldwide [24]. Resource-based cities, as the major producers of
industrial resources, have made great contributions to the country’s economic development
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and wealth accumulation. However, since the main industry is mining and processing
mineral resources, more and more resource-based cities are facing serious environmen-
tal degradation problems [25–27]. Since 1920s, some scholars have begun to focus on
resource-based cities lifecycle which includes formation, development, transformation, and
maturity [28,29]. Recently, many pieces of literature pay attention to the transformation of
resource-based cities [30]. These studies mainly involve industrial transformation methods,
policies, and mechanisms of resource-based cities [28,29,31]. In addition, some research
concern about the sustainable development of resource-based cities [26,28,31]. However, in
these studies, there is a lack of literature on the recycling of the industrial solid waste in
resource-based cities.

Over the past several decades, China has experienced the most rapid development of
urbanization in human history [25]. According to data from the National Bureau of Statistics
of China, after Reform and Opening in 1978, China’s urbanization rate increased from 17.92%
in 1978 to 63.89% in 2020, while the population increased from 0.96 billion to 1.41 billion.
During this period, more than 200 resource-based cities have played a vital role in promoting
China’s economic growth [27,31]. Simultaneously, some resource-based cities have gone
from prosperity to decline [32]. Different from other countries, China’s resource-based
cities face more complex challenges [24,33] such as the large numbers and various types of
cities [34]. Furthermore, due to resource-dependent industries occupy a larger share of their
industrial structure [35], most resource-based cities in China cannot completely change their
development models in the short term to achieve sustainable development.

To improve the long-term mechanism of sustainable development and promote the
sustainable development of resource-based cities, in 2013, the State Council issued a
circular of National Sustainable Development Plan for Resource-based Cities (2013–2020)
(NSDPRC). The circular identified 126 prefecture-level cities as resource-based cities among
334 prefecture-level cities and divided these resource-based cities into four growth types:
regenerative, grow-up, growing, and recessionary. Drawing on Chen et al.’s research [24],
we show the distribution and types of all resource-based cities in Figure 1. It can be seen
from Figure 1 that resource-based cities are mainly distributed in the central and western
regions of China. Moreover, the main types of resource-based cities in the central region are
grow-up, while the types of resource-based cities in the western region are more diverse,
including all four types. Moreover, the resource-based cities in the northeastern region are
mainly recessionary.
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2.3. The Official Promotion Tournament Hypothesis

As one of the measures of environmental governance, the compulsory environmental
regulations implemented by the government have gradually become the main means for
local governments to complete the assessment of ecological goals in recent years. This
is closely related to the transformation of the assessment indicators for the promotion of
officials since China’s reform and opening up. Since the Qin Dynasty, the Chinese central
government has had absolute control over the promotion and removal of local officials [36],
due to incomplete and asymmetry of information, the central government often uses key
work content as a measurement indicator when considering the promotion of local officials
and creates a promotion targeted yardstick competition among subnational governments,
which is widely known as the official promotion tournament [37].

Since the reform and opening up, the focus of the Chinese government has shifted to
economic construction. Therefore, the gross domestic product (GDP) has become the most
important indicator for evaluating the performance of local officials [36,38] and played an
important role in the talent evaluation system [39,40]. Such a promotion tournament has
made an enormous contribution to Chinese economic growth, making China grown rapidly
in the past several decades and became the second-largest economy worldwide [37,41].
Chinese environmental problem is not only the result of economic growth in industrialized
developing countries, but also the political issues [42]. Since the reform of the financial
system in 1994, Chinese local government tax revenue has decreased. The single official
promotion tournament gradually revealed its drawbacks. When officials face competition
for resources and face multiple mandatory goals in the short term, they will tend to priori-
tize the goals that are conducive to obtaining promotion opportunities [43–45]. Therefore,
in order to increase the opportunity for promotion, local government officials have to use
limited resources to attract capital and other factors to ensure economic development,
resulting in a reduction in environmental governance expenditures and environmental
pollution has become the price of economic development [37]. This not only poses a serious
threat to Chinese long-term development, but also has a profound impact on the global
environment. In order to cope with the increasingly serious environmental problems,
the central government has begun to consider including environmental performance in
the evaluation indicators for official promotion. The proportion of green indicators is
increasing [46].

In December 2005, the State Council issued the “Decision on Implementing the Scien-
tific Outlook on Development and Further Strengthening of Environmental Protection”,
which clearly stated that environmental protection should be included in the assessment
of local officials and the assessment situation shall be used as the foundation for officials’
promotion. The status of environmental protection in the evaluation indicators for the
promotion of officials became more important when the Chinese central authority began to
include emission reduction performance as an important part of the promotion assessment
system for local officials in 2007 [37]. In 2011, the State Council issued the “Measures
for the Assessment of the Total Emissions of Major Pollutants”, which implemented the
accountability system and the “one-vote veto” system for areas that did not meet the envi-
ronmental protection assessment standards, and further strengthened the assessment of
the performance of local governments in the emission reduction of pollutants. It reshapes
the contribution of economic benefits to the officials’ promotion [47–49] and makes officials
balance the relationship between economic development and environmental protection [50].
This direct incentive way can improve the environment [51].

However, in 2009, when the CEPL was promulgated and took effect, environmental
protection had already had a certain status in the promotion and assessment of officials,
and local governments would actively promote the implementation of the CEPL. As for
resource-based cities, since the main industries are developed based on the mining and
processing of minerals, related ISW are generated more than non-resource-based cities
and environmental problems are more prominent than other cities, so when the CEPL
was promulgated, officials in resource-based cities were more willing to strengthen law
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enforcement, resulting in the CEPL’s promotion of the comprehensive utilization rate of
ISW in resource-based cities significantly higher than other cities. In addition, when the
original environmental regulation intensity of a resource-based city is relatively high, the
implementation of the CEPL will be favorable. The higher the intensity of environmental
regulation, the more obvious the promotion of the CEPL on the comprehensive utilization
rate of ISW in the city.

3. Data and Methodology
3.1. Data Source

This study involves the two core variables of the comprehensive utilization rate of
urban ISW and whether the city is a resource-based city. The data on the comprehensive
utilization rate of ISW can be obtained from the China City Statistical Yearbook, and the
data of resource-based cities are from the official website of the Chinese central government.
The related data of other variables, mainly come from the CNRDS database and CSMAR
database. Among all variables, the actual annual GDP of the city was based on the base
period of 2003, adjusted according to the GDP index published by the province where the
city is located. The per capita GDP of the city was adjusted by dividing the adjusted real
GDP by the year-end population of the city in that year. In addition, the missing values
were eliminated from the data sample. We, finally, obtained a sample of 278 cities consisting
of 3588 observations from 2003–2015. The data processing software was Stata 16.0.

3.2. Variable Definition
3.2.1. Explained Variable

The explained variable for this study was comprehensive utilization rate of ISW. ISW
is a category of solid waste, which refers to solid waste generated in industrial production
activities, including various waste residues, dust, and other wastes discharged into the
environment during industrial production. It can be divided into general industrial waste
(such as blast furnace slag, steel slag, red mud, non-ferrous metal slag, fly ash, coal slag,
sulfate slag, waste gypsum, desulfurization ash, calcium carbide slag, and salt mud) and
industrial hazardous solid waste. In this study, denote comprehensive utilization rate of
ISW by Rateit, and its calculation formula is as follows:

Rateit =
CUISWAit

ISWGit + CUSit
× 100% (1)

where CUISWAit stands for the comprehensive utilization of ISW amount of city i in year
t, ISWGit is the amount of ISW generation of the city i in year t, and CUSit represents the
comprehensive utilization of previous years’ storage of city i in year t.

3.2.2. Explanatory Variable

To analyze the effect of CEPL on the comprehensive utilization rate of ISW, in resource-
based cities, the explanatory variable should capture both CEPL and resource-based cities.
Since CEPL officially came into effect in 2009, we used the dummy variable T to represent
CEPL, if time t was in 2009 and later, CEPL was in effect and T = 1, otherwise T = 0. Similarly,
we used the dummy variable C to represent city type, if the city was resource-based, C = 1,
otherwise C = 0. Multiplying the dummy variable T with the dummy variable C, we
obtained our explanatory variable DID, which can be expressed by the following equation.

DIDit = C × T (2)

If DIDit=1, it means that time t is in 2009 and later, and city i is a resource-based city.

3.2.3. Moderating Variable

As analyzed in the second section of this paper, considering the intensity of environ-
mental regulations may have a moderating effect on this process between CEPL and the



Sustainability 2022, 14, 9878 7 of 20

comprehensive utilization rate of ISW in resource-based cities. We used the city’s environ-
mental regulation score as a moderating variable for our analysis. City’s environmental
regulation score was calculated according to the calculation method of [52,53], specifically,
the entropy weighting method was used to assign the SO2 removal rate, smoke removal
rate, domestic wastewater treatment rate, and domestic waste disposal rate to the city,
and then a comprehensive evaluation was performed to obtain the city environmental
regulation score.

3.2.4. Control Variables

Studies have shown that the utilization of industrial solid waste can be influenced by
a variety of factors [2,4,7], and based on these studies, we chose the natural logarithm of
real GDP (lngdp), per capita GDP (p_GDP), and natural logarithm of the total population
at the end of the year (lnpeo) et al. as control variables. The symbol and explanation of all
the control variables involved in this study are reported in Table A1.

3.3. Model Specification

The implementation of a particular public policy affects some groups in society, while
other groups are not affected or are less affected. For social groups, this exogenous policy
was similar to a natural experiment or quasi-natural experiment, and the social groups
that were more affected by the policy can be considered as the treatment group and those
that are less affected or unaffected by the policy can be considered as the control group. By
comparing the gap between the treatment and control groups, the effectiveness of public
policy implementation can be evaluated. The DID method was often used, in recent years,
to evaluate the effectiveness of public policy implementation. For more discussion and
application of the DID method see the work of Agrist and Pischke [54]. In order to test the
impact of the CEPL on the comprehensive utilization rate of ISW in resource-based cities,
this paper establishes the following DID model:

Rateit = β0 + β1DIDit + Xitγ + di + µt + εit (3)

where Rateit stands for the comprehensive utilization rate of the city i in year t. The
independent variable DIDit denotes the dummy variable of CEPL, which equals 1 if the
city i belongs to resource-based cities and year t ≥ 2009, otherwise, it equals 0, the coefficient
β1 represents the impact of the CEPL on ISW in resource-based cities, Xit is determined
by a matrix composed of a series of control variables, γ is the coefficient vector of the
control variables’ matrix, di represents the fixed effect of the city, µt is the fixed effect of
the year, and εit represents the random error term. In Model (3), we focus on the estimated
coefficient β1 of the variable DIDit, which indicates a positive effect of CEPL on the
comprehensive utilization rate of ISW in resource-based cities if β1 is significantly positive,
and a negative effect if β1 is significantly negative. If β1 is not significantly different from
zero, it indicates that CEPL has no effect on the comprehensive utilization rate of ISW in
resource-based cities.

The coefficient β1 in model (3) effectively captures the effect of CEPL on the com-
prehensive utilization rate of ISW in resource-based cities on the premise that there is a
common trend between the treatment and control groups before the policy is implemented.
In other words, there is no significant difference in the combined utilization of ISW be-
tween resource-based and general cities before the implementation of CEPL, but there is a
significant difference after the implementation of the policy. Therefore, this study draws
on the study of Beck et al. (2010) [55], and uses event analysis to construct the following
model for common trend testing.

Rateit = α0 + α1D−5
it + α2D−4

it + . . . α10D4
it + α11D5

it + Xγ + di + µt + εit (4)

where the dummy variables, the “D’s” equal zero, except as follows: D−j equals one
for resource-based cities in the jth year before 2009, while D+j equals one for resource-
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based cities in the jth year after 2009. If the estimated coefficients of variables D−j are not
significantly different from zero, it indicates there was a common trend between resource-
based cities and general cities in the comprehensive utilization rate of ISW before the
implementation of CEPL.

In order to test whether the moderating effect of the intensity of environmental regula-
tions exists, reference to existing study [56], we established the following model:

Rateit = θ0 + θ1ERit ∗ DIDit + θ2ERit + θ3DIDit + Xγ + di + µt + εit (5)

where ERit stands for the environmental regulation score of cities i in year t, the variable
value of ERit is calculated according to the calculation method of Wang et al. [52]. Con-
sidering that there may be a lag effect in the role of environmental regulation, we lag the
interaction term by one period before estimating. The coefficient θ1 is the parameter we are
mainly concerned about, if θ1 is significantly different from zero, it indicates that there is a
moderating effect of environmental regulation.

4. Results
4.1. Results of Unit Root Test and Descriptive Statistics

The situations of different provinces in China vary a lot, thus the unit root tests are
suitable for that they hold the assumption of individual unit root processes in each panel-
data series. All the results of the unit root test are listed in Table 1. Based on the results of
Table 1, although variable r_asset failed the IPS test, in this test, the p-value of r_asset is
about 0.11, which is very close to the 10% significance level. At the same time, in the Fisher
ADF test, the statistical value of variable r_asset is significant at the 1% level, therefore, we
claim that all variables of this study are stationary.

Table 1. Panel unit root test results.

Variables IPS Test Fisher ADF Test

Rate −14.3665 *** −27.6549 ***
lngdp −10.3165 *** −22.2888 ***

p_GDP −14.0768 *** −4.2144 ***
lnpeo −26.7753 *** −32.4167 ***
r_fan −5.1645 *** −27.5820 ***

sec ond_ins −3.9313 *** −20.6020 ***
r_asset −1.1969 −17.2897 ***

lnn_com −7.1369 *** −22.5108 ***
r_cons −2.0661 ** −14.8447 ***

Note: Z statistics in table; *** and ** indicate significance at the levels of 1%, and 5%, respectively.

In addition, Table 2 shows the descriptive statistics for main variables, the results
show that the mean of the comprehensive utilization rate of ISW (Rate) is 77%, indicating
that China’s ISW management is at a relatively high level. However, the median value of
the variable Rate is 88%, while the maximum value is 100% and the minimum value is 0.
This indicates the comprehensive utilization rate of ISW in different cities and different
years varies greatly. Likewise, the secondary industry’s share of GDP shows a situation
similar to that of the comprehensive solid waste utilization rate. Although the country’s
secondary industry’s share of GDP is at a relatively high level as a whole, there are still
large differences between regions.
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Table 2. Descriptive statistics for main variables.

Variable Obs Mean SD Min Median Max

Rate 3614 0.77 0.25 0 0.88 1
lngdp 3612 6 0.91 3.5 5.9 8.8

p_GDP 3593 14,785 13,038 0.47 10,853 148,298
lnpeo 3593 5.9 0.86 2.8 5.9 16
r_fan 3612 0.5 0.23 0 0.47 1.5

second_ins 3612 0.49 0.11 0.09 0.5 0.91
r_cons 3612 0.09 0.17 0 0.071 9.4
r_asset 3612 0.63 0.69 0 0.58 39

lnn_com 3607 6.4 1.1 2.9 6.4 9.8

4.2. Impact of CEPL on Resource-Based Cities’ Comprehensive Utilization Rate of ISW

The estimation results of Model (3) that CEPL on the resource-based cities’ compre-
hensive utilization rate of ISW are shown in Table 3. Column (1) shows that the value
of the estimated coefficient β1 is 0.089 and significant at a 1% significance level, which
indicates that there is a significant positive promotion effect of CEPL on comprehensive
utilization rate of ISW in resource-based cities. However, the result of column (1) is not
robust and there may be measurement errors caused by missing variables. Therefore,
adding year fixed effects, city fixed effects and control variables in order in column (2)–(4)
of Table 3, the results show that CEPL still has a significant and robust promotion effect on
the comprehensive utilization rate of ISW in resource-based cities.

Table 3. The impact of CEPL on the resource-based cities’ comprehensive utilization rate of ISW.

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

DID
0.089 *** 0.101 *** 0.064 *** 0.064 ***
(0.014) (0.015) (0.019) (0.019)

_cons 0.755 *** 0.752 *** 0.681 *** 0.477
(0.012) (0.003) (0.009) (0.601)

City FE No Yes Yes Yes
Year FE No No Yes Yes

control variables No No No Yes
Observations 3614 3614 3614 3588

Within-R-Squared 0.0441 0.0441 0.0922 0.103
Note: Robust standard errors in parentheses; *** indicates significance at the levels of 1%.

The results of Table 3 show that the CEPL has significantly improved the compre-
hensive utilization of ISW in resource-based cities. In theory, the law will promote the
comprehensive utilization of ISW in all cities. However, the industries of resource-based
cities mainly rely on the utilization of local mineral resources. Once a national law of
promoting circular economy is enacted, resource-based cities have obvious advantages to
ensure law enforcement.

4.3. Robustness Test
4.3.1. Common Trend Test

The result of the common trend test using Model (4) is shown in Figure 2, in this
figure, all of the coefficients before 2009 (current) are not significantly different from zero,
indicating that before the implementation of CEPL, there is no significant difference in
changes in the comprehensive utilization rate of ISW in all cities. After 2009 (current), all
of the coefficients are significantly different from zero and positive. This shows that the
changes in the comprehensive utilization rate of ISW between the treatment group and
the control group are different due to the implementation of CEPL. In other words, the
common trend test passes, and it is feasible to use the DID method to estimate.
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4.3.2. Placebo Test

The term “placebo” comes from a randomized experiment in medicine. For example,
to test the efficacy of a certain new drug, at this time, the people participating in the
experiment can be randomly divided into two groups, one of which is the treatment group,
taking the real drug; and the other group is the control group, taking a placebo and not
allowing participants know whether they are taking the real medicine or a placebo, so as
to avoid subjective psychological effects from affecting the experimental effect, which is
called the “placebo effect”.

During the period from 2003 to 2015, as China has also implemented or revised other
laws and regulations on environmental protection such as the Environmental Information
Disclosure Method (2007) and the Law of the People’s Republic of China on Environmental
Prevention and Control of Solid Waste Pollution (2013), these policies are likely to have an
impact on the utilization of ISW in cities, the above identification methods cannot eliminate
the impact of other policies on ISW in each city. Placebo testing is needed to eliminate
the impact of other policies and regulations on ISW in each city. In this study, we refer to
Chen et al. (2021) [57] and retain a sample of non-resource-based cities, then randomly
selecting 50 cities as the “pseudo−treatment group”. Furthermore, we randomly selected
1 year as a virtual policy implementation point from 2003 to 2015. In order to ensure the
robustness of the results, we repeated it 10,000 times, the results of the placebo test are
reported in Figure 3. It can be seen from the figure that the coefficients estimated for these
10,000 times approximately obey a normal distribution with a mean value of zero, and the
corresponding p values are all lower than 5%. The result of the placebo test indicates that
the increase in the comprehensive utilization rate of ISW in resource-based cities is due to
the implementation of CEPL.
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4.3.3. PSM−DID

In order to resolve the systematic differences in trend changes between the treatment
group and the control group and reduce the estimation error of the DID method, we used
the propensity score matching (PSM) method proposed by Heckman (1998) [58] for the
robustness test. Before estimation, the PSM−DID applicability test needs to be performed,
that is, whether there is a significant difference between the treatment group and the control
group after matching. The test results are shown in Figures 4 and 5. It can be seen from
Figure 4 that the standardization deviation of most variables is reduced after matching,
and most observations in the control group and the treatment group achieved a uniform
distribution and the goal of “balanced data”. This proves that the PSM−DID method can
effectively reduce the deviation of the DID assessment caused by the trend difference. In
the specific matching method, this paper uses one-to-one nearest neighbor matching with a
caliper range of 0.05. PSM−DID matching results are shown in column (1) of Table 4. The
results are consistent with the DID regression results of Table 3, which further supports the
theoretical hypothesis of this study.
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Table 4. Robustness test.

Variable
(1) (2) (3) (4) (5)

PSM+DID IV Change Sample Add Variables Tobit

DID
0.0602 ** 0.2853 * 0.0676 *** 0.0653 *** 0.0506 ***
(0.0301) (0.1655) (0.02) (0.0198) (0.0184)

_cons −0.4014 0.4692 0.41 0.1591
(1.1762) (0.597) (0.6173) (0.1041)

Kleibergen–Paap
rk LM statistic 9.878 ***

Kleibergen–Paap
rk Wald F statistic 10.376

City FE Yes Yes Yes Yes No
Year FE Yes Yes Yes Yes Yes

control variables Yes Yes Yes Yes Yes
Observations 1168 3588 3575 3588 3588

Within-R-Squared 0.0988 0.0981 0.1033

Note: Standard error in parentheses of column (5) is obtained by bootstrap sampling 300 times. ***, **, and *
indicate significance at the levels of 1%, 5%, and 10%, respectively.

4.3.4. Instrumental Variable Method

Although the results estimated by the DID method exclude some of the endogenous
problems caused by the omitted variables, the method cannot eliminate the endogenous
problem caused by the mutual cause and effect between the CEPL and the comprehensive
utilization rate of ISW. In other words, there may be a phenomenon that local governments
strengthen the implementation of the CEPL in order to improve the comprehensive utiliza-
tion rate of local ISW. Therefore, it is necessary to find a suitable instrumental variable for
the implementation of CEPL. According to the previous analysis, this study selected the
number of county-level administrative districts under each city as an instrumental variable.
The reason is as follows: For the comprehensive utilization rate of ISW in each city, the num-
ber of county-level administrative districts under the jurisdiction of prefecture-level cities is
basically a fixed value, which will not affect the changes in local ISW, satisfying the exoge-
nous assumption of an effective instrumental variable. Regarding whether to strengthen
the implementation of the CEPL, the greater the number of county-level administrative
districts under the jurisdiction of a prefecture-level city, the more intense the competition
for promotion of officials. Therefore, the greater the number of prefecture-level cities in the
city, the more likely it is for local officials to strengthen the implementation of the CEPL to
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increase the comprehensive utilization rate of local ISW. The selected instrument variable
satisfies the correlation assumption of effective instrumental variables.

The regression result of IV estimation is shown in column (2) of Table 4. The Kleibergen–
Paap rk LM statistic of IV is 9.878 and is significant at a significance level of 1%, indicating
that there is no problem of insufficient identification of instrumental variable. In addition,
the Kleibergen–Paap rk Wald F statistic of IV is 10.367, which is greater than the 15%
critical value of 8.96, indicating that there is no problem of weak instrumental variables.
Furthermore, the regression result of IV estimation is consistent with DID regression results
of Table 3, indicating that the CEPL is the reason for the increase in the comprehensive
utilization rate of ISW in resource-based cities.

4.3.5. Other Robustness Tests

As the industry of forest industry cities is mainly based on the exploitation of forest
resources, we remove it from the sample of resource-based cities to change the composition
of the sample, then use the DID method to estimate again. The estimated result is reported
in column (3) of Table 4. The estimated coefficient of the core explanatory variable is 0.0676
and is significant at a significance level of 1%, indicating that the implementation of the
CEPL has significantly improved the comprehensive utilization rate of ISW in resource-
based cities. The estimated result of changing sample is consistent with the result estimated
by the benchmark regression in Table 3.

In addition, considering that technological innovation is an important variable that
affects the utilization of ISW, we add the logarithm of the number of green patent applica-
tions in each city to the control variables and then use the DID method to estimate again.
The estimated result is reported in column (4) of Table 4. The estimated coefficient of the
core explanatory variable is 0.0653 and is significant at a significance level of 1%, indicating
that the implementation of the CEPL has significantly improved the comprehensive utiliza-
tion rate of ISW in resource-based cities. The estimated result of the changing sample is
consistent with the result estimated by the benchmark regression in Table 3.

Furthermore, since the explained variable, the comprehensive utilization rate of ISW,
is a continuous variable between 0 and 1, the results estimated by OLS may not be a
consistent estimate. Therefore, we use the Tobit model to re-estimate the Model (1). The
estimated result is reported in column (5) of Table 4. The estimated coefficient of the core
explanatory variable is 0.0506, and is significant at a significance level of 1%, indicating that
the implementation of the CEPL has significantly improved the comprehensive utilization
rate of ISW in resource-based cities.

4.4. Mechanism Analysis

The previous analysis results show that the implementation of the CEPL can signifi-
cantly improve the comprehensive utilization rate of ISW in resource-based cities and this
effect is robust. What is the mechanism or process of this effect is also a question worth
exploring. As analyzed in the second section of the article, the intensity of environmental
regulations may have a moderating effect on this process between CEPL and the compre-
hensive utilization rate of ISW in resource-based cities. We use Model (5) to test whether the
moderating effect of the intensity of environmental regulations exists and the estimation
results are reported in Table 5.
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Table 5. Moderating effect of environmental regulation score.

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

ER*DID
0.034 0.036 0.059 * 0.066 **

(0.024) (0.024) (0.031) (0.031)

ER
0.440 *** 0.409 *** 0.477 *** 0.472 ***
(0.043) (0.045) (0.055) (0.057)

DID
0.0030 0.015 0.020 0.018
(0.015) (0.015) (0.021) (0.022)

_cons 0.4921 *** 0.508 *** 0.442 *** −0.094
(0.033) (0.029) (0.032) (0.584)

City FE No Yes Yes Yes
Year FE No No Yes Yes

control variables No No No Yes
Observations 3312 3312 3312 3286

Within-R-Squared 0.1104 0.1111 0.1360 0.1405
Note: ***, **, and * indicate significance at the levels of 1%, 5%, and 10%, respectively.

Columns (1) of Table 5 shows that the coefficient of the interaction term is 0.034,
indicating there is a positive moderating effect of the environmental regulation score
on the process of CEPL to the comprehensive utilization rate of ISW in resource-based
cities, but this result is not significant and there may be measurement errors caused by
missing variables. Therefore, in the columns (2)–(4) of Table 5, year fixed effects, city fixed
effects, and control variables are added in sequence, the results show that the coefficient of
interaction term changed from 0.034 to 0.066, and is significant in the level of 5% significance
level. The results of Table 5 indicate that the stronger the intensity of environmental
regulations in resource-based cities, the more obvious the promotion of the CEPL on the
comprehensive utilization rate of ISW.

4.5. Heterogeneity Analysis

In order to test whether the CEPL has a differential impact on the comprehensive
utilization rate of ISW in resource-based cities, this study analyzes the heterogeneity of the
resource-based cities’ type and the region where the city is located.

4.5.1. Difference in Cities’ Growth Type

Considering that different growth types of resource-based cities may lead to hetero-
geneity in the impact of CEPL on ISW, according to NSDPRC’s classification of growth
types of resource-based cities, we have analyzed the situation of four different types include
growing, grow-up, recessionary, and regenerative of resource-based cities. The estimation
results are reported in Table 6. Column (1) is the estimated result of growing resource-based
cities, the estimated coefficient is 0.094 and is not significant. Column (2) is the estimated
result of grow-up resource-based cities, the estimated coefficient is 0.059 and is significant
at 5% significance level. Column (3) is the estimated result of recessionary resource-based
cities, the estimated coefficient is 0.095 and is significant at 1% significance level. Column
(4) is the estimated result of regenerative resource-based cities, the estimated coefficient is
0.019 and is not significant. The results of heterogeneity analysis of cities’ type indicate that
CEPL significantly improves the comprehensive utilization rate of ISW in grow-up and
recessionary resource-based cities. Although it was also promoted in the other two types of
cities, it failed the significance test.
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Table 6. Heterogeneity analysis of cities’ growth type.

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

Growing Grow-Up Recessionary Regenerative

DID
0.094 0.059 ** 0.095 *** 0.019

(0.064) (0.024) (0.033) (0.026)

_cons 0.138 0.902 0.033 0.318
(0.689) (0.667) (0.614) (0.665)

City FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

control variables Yes Yes Yes Yes
Observations 2285 2942 2426 2322

Within-R-Squared 0.0699 0.0913 0.0898 0.07
Note: *** and ** indicate significance at the levels of 1% and 5%, respectively.

This phenomenon is mainly caused by resource constraints. Growing resource-based
cities are in the early stage of resource development, with abundant resources and have
not reached the bottleneck of resource utilization, so they will not actively consider the
issue of resource recycling. Regenerative resource-based cities have basically got rid of
resource dependence, and the recycling of resources is no longer a major issue for them.
Compared with the first two types of resource-based cities, grow-up and recessionary
resource-based cities have reached the bottleneck of resource development and improving
the recycling rate of resources is the most urgent problem they face. In this circumstances,
local government officials are more willing to promote the implementation of the CEPL.

4.5.2. Difference in Region of Cities’ Location

In order to test whether the impact of CELP on the comprehensive utilization rate of
ISW in resource-based cities is regionally heterogeneous, we carried out a group regression
on the eastern, northeastern, central, and western regions according to the Model (3). The
estimated results of the regression are reported in Table 7. Column (1) is the estimated
result of eastern resource-based cities, the estimated coefficient is 0.034 and is not significant.
Column (2) is the estimated result of central resource-based cities, the estimated coefficient
is 0.081 and is significant at 5% significance level. Column (3) is the estimated result
of western resource-based cities, the estimated coefficient is 0.056 and is not significant.
Column (4) is the estimated result of northeastern resource-based cities, the estimated
coefficient is −0.029 and is not significant.

Table 7. Heterogeneity analysis of cities’ region.

Variable

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

Eastern
Region

Central
Region

Western
Region

Northeastern
Region

DID
0.034 0.081 ** 0.056 −0.029

(0.029) (0.038) (0.039) (0.046)

_cons 0.901 1.961 3.203 1.681
(1.419) (1.534) (2.116) (6.197)

City FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

control variables Yes Yes Yes Yes
Observations 1118 1009 1019 442

Within-R-Squared 0.0722 0.1658 0.179 0.1477
Note: ** indicate significance at the levels of 5%, respectively.

The results indicate that due to the change of the city’s geographic location, the effect
of the CEPL on the comprehensive utilization rate of ISW in resource-based cities has
changed. The main reason for this phenomenon is that there are differences in the main
types of resource-based cities in different regions. It can be seen from Figure 1 that the
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type of resource-based cities in the central region is mainly grow-up, while the other three
regions are diverse in types of cities, covering almost four types of resource-based cities.
In the previous heterogeneity analysis, we have proved that in grow-up and recessionary
resource-based cities, the CEPL has significantly promoted the comprehensive utilization
of ISW. Therefore, in the central region, the CEPL also has a significant role in promoting
ISW in resource-based cities. In addition, due to the complex types of resource-based cities
in the other three regions, the role of the CEPL is not obvious.

5. Conclusions

Improving the comprehensive utilization rate of ISW not only reduces environmental
pollution, but also promotes the recycling of resources and ease the pressure on resources.
This paper argues that the improvement of the comprehensive utilization rate of urban ISW
can be achieved through the implementation of environmental policies and regulations. Us-
ing panel data of 278 prefecture-level cities in China from 2003 to 2015, this paper confirms
the above view by building a DID model to analyze the impact that the implementation of
CEPL would have on the comprehensive ISW utilization rate of resource-based cities. In
addition, this paper also conducts a deeper analysis and obtains three main conclusions
as follows.

(1) The implementation of the CEPL improved the comprehensive utilization rate of
ISW in resource-based cities. The empirical results of the DID model show that when other
conditions remain unchanged, after the implementation of the CEPL, the comprehensive
utilization rate of ISW in resource-based cities has been significantly increased. After
selecting instrumental variable, changing the estimation model, using PSM+DID and other
methods to re-estimate, the results are still robust. This finding confirms that environmental
regulations and policies have a positive impact on the utilization of ISW and also expands
the field of research on the factors influencing ISW.

(2) After analyzing the mechanism, it was found that the higher the city’s environ-
mental regulation score, the more obvious the effect of the CEPL on the comprehensive
utilization rate of ISW. This is mainly because the higher the environmental regulation
score of a city, the stronger the environmental law enforcement of the city, the more likely it
is to ensure the smooth implementation of the CEPL in the local area. Combined with the
results of the instrumental variable method in the robustness test, this finding confirms the
applicability of the “political tournament” theory to environmental management issues,
that is, the inclusion of environmental performance in the promotion assessment system of
officials is effective in improving environmental quality.

(3) The promotion effect of CEPL on comprehensive utilization rate in resource-based
cities is heterogeneous. From the perspective of resource-based cities, the CEPL has a
significant effect on the comprehensive utilization rate of ISW in grow-up and recessionary
resource-based cities, but it has no significant promotion effect on growing and regenerative
resource-based cities; from the perspective of different region, the CEPL has a significant
effect on the comprehensive utilization rate of ISW in resource-based cities in the central
region, but this effect is not obvious in the eastern, western, and northeastern regions of
China. This finding provides an important reference for developing the policies to manage
ISW in different cities’ type.

6. Discussion

Based on the empirical finding that the implementation of CEPL improves the com-
bined utilization of cities’ ISW, to improve the level of solid waste management in cities,
environmental policies and regulations are indispensable tools. The market-led solid waste
management sometimes fails due to the defects of the market itself and the government
needs to formulate relevant policies and regulations as a supplement to improve the level
of municipal solid waste management. Meanwhile, environmental law enforcement is
the cornerstone of ensuring the effectiveness of policies and regulations. The stronger the
environmental law enforcement, the more obvious the role of policies and regulations in im-
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proving the level of solid waste management. Therefore, the government should strengthen
environmental law enforcement to ensure the implementation of relevant policies and
regulations. In addition, to ease the pressure on resources, speeding up the industrial
transformation of resource-based cities is the fundamental way. Local governments should
take into account local conditions and formulate sustainable development plans that are in
line with local conditions.

The contribution of this research to the literature on ISW management is to enrich
the theoretical foundation of the research on the factors affecting the management of
municipal solid waste. It has a strong reference value for the practice of municipal solid
waste management. Moreover, this study provides new ideas for changing the urban solid
waste management model and realizing the “win−win” between the economy and the
ecological environment. That is, in addition to the market and technical means, strong
policies, and regulations are also effective tools to improve the level of municipal solid
waste management.

Nevertheless, limitations exist. First, Although the robustness test was carried out by
changing the sample, selecting the instrumental variables, and changing the estimation
method, etc., however, there may be some important variables that have not been consid-
ered and have not been controlled. Further, although this study analyzes the impact of
CEPL on the comprehensive utilization rate of ISW in resource-based cities and its impact
mechanism, the analysis is not comprehensive due to there may be other mechanisms
that have not been considered. Future studies should extend the framework to a more
comprehensive context.
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Appendix A

Table A1. Symbols and explanation of each control variable.

Variables Explanation

lngdp natural logarithm of real GDP
p_GDP per capita GDP
lnpeo natural logarithm of the total population at the end of the year
r_fan fiscal revenue divided by fiscal expenditure

sec ond_ins percentage of secondary industry in GDP
r_asset fixed asset investment as a percentage of GDP

lnn_com natural logarithm of the number of industrial enterprises
r_cons the output value of the construction industry as a percentage of GDP

https://cn.gtadata.com
https://cn.gtadata.com
http://www.gov.cn/zwgk/2013-12/03/content_2540070.htm
https://www.cnrds.com/
https://www.cnrds.com/
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