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Based on the connotation of high-quality economic development (HQED) in China, this
study uses panel data of 30 provinces (cities and regions) in China from 2005 to 2019 to
construct an evaluation index system of HQED with three dimensions of “economic
development—social life—ecological environment,” and establishes a fuzzy
comprehensive evaluation model to calculate the HQED index. The results show that
the high-quality development level of China’s economy shows an upward trend of
fluctuation, but the development level is still low and there are obvious regional
differences. The eastern region enjoys the highest level of HQED, followed by the
central region and western region. The panel data regression model is further
established to analyze the impact of environmental regulation on economic
development. It is found that there is an inverted u-shaped relationship between
environmental regulation and HQED, and there is a “cost compliance” effect between
environmental regulation and quantitative economic development. Strict environmental
regulation measures will inhibit economic quantity growth. The results of heterogeneity
analysis show that environmental regulation has different impacts on the economic
development of the three regions due to the differences in resource endowment. The
influence of environmental regulation on economic development in eastern China is similar
to that in the whole country. However, in the central region, there is an “innovation
compensation” effect between environmental regulation and HQED, and a “U” shape
relationship between environmental regulation and quantitative economic development. In
western China, the enhancement of environmental regulation will inhibit high-quality and
quantitative economic development.

Keywords: high-quality economic development, environmental regulation, regional heterogeneity, fuzzy
comprehensive evaluation, panel data regression

1 INTRODUCTION

Since 1978, China has seen a rapid increase in its level of economic development and a significant
improvement in people’s living standards. However, the ecological and environmental problems
caused by overexploitation, sloppy utilization, and extravagant waste of the early resources are
increasingly prominent (Vennemo et al., 2009; Qashou et al., 2022; Samour and Pata, 2022). Since the
1980s, China has paid increasingly close attention to the issue of coordinated economic and
environmental development, and has successively put forward major strategic ideas such as the
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sustainable development strategy and the scientific outlook on
development. In addition, China is constantly improving its laws
related to environmental protection. Since the 18th Party
Congress, China has innovatively developed new concepts and
ideas, such as the “Two Mountains Theory” and the Community
of Life between man and nature, and has continuously enriched
and improved the theoretical system of harmonious coexistence
between man and nature. Currently, China’s economic
development has entered a new period, and it has shifted from
the stage of high-speed growth to the stage of high-quality
development.

“High-quality development” is rich in connotation. It
covers both quantitative development and qualitative
development and has distinctive characteristics of the times
(Zhu et al., 2020). High-quality economic development
(HQED) means that economic development no longer
simply pursues the quantity of economic development and
economic development speed, but more often takes into
account the ecological environment, industrial
coordination, regional coordination, etc., to improve the
quality of economic development. Since the reform and
opening up, China has shifted its focus to economic
construction and solved the problem of economic quantity.
Now, people are more concerned about the quality of
economic growth under the ecological crisis (Abumunshar
et al., 2020; Altarhouni et al., 2021; Samour et al., 2022). China
proposes HQED, which solves the problem of economic
quality (Zhou et al., 2020). China has proposed five major
development concepts: innovation, coordination, green,
openness, and sharing. HQED should not only meet these
five development concepts, but also be a development with
fewer production input factors, higher efficiency in resource
allocation, lower resource and environmental costs, and better
economic and social benefits. China’s HQED should balance
the total amount of economic development and the quality of
economic development, consider the coordination of
economic growth with environmental protection and
ecological civilization, and pay more attention to the
comprehensive development of economy, politics, society,
culture, and ecology (Liu et al., 2021).

Before the concept of HQED was introduced, scholars
generally used the quality of economic growth to measure
the “quality” of China’s economy, such as total factor
productivity, green total factor productivity (Mei and Chen,
2016; Zhao et al., 2022a; Zhao et al., 2022b), and value-added
rate (Hu et al., 2020). Although these indicators make up for
the previous shortcomings of simply measuring the quantity
of economic development, and can reflect the quality of
economic development to a certain extent, they still have
limitations and reflect relatively single economic information.
Since the 19th Party Congress, scholars have set out to study
issues related to China’s HQED and to construct
comprehensive evaluation models. For example, Hu et al.
(2020) constructed a six-dimensional economic quality
development evaluation index system including
technological innovation, infrastructure construction,
ecological environment, economic efficiency, economic

stability, and market mechanism to study the level of rural
economic development, but the results of the study were
evaluated only from the perspective of rural areas and
could not reflect the overall level of China’s economic
quality development. Chen and Wang (2021) constructed a
comprehensive evaluation index system including green
development, residents’ living standard, innovation ability,
economic vitality, and coordinated development based on the
data of Chinese prefecture-level cities, but the three-level
indicators only contain positive and negative indicators,
and do not include moderate indicators such as urban-
rural income ratio and urban-rural consumption ratio.

According to Chen (2009), unregulated polluting behavior
can affect economic growth through two pathways. When the
pollutant emission level is lower than the natural
environmental carrying capacity, the natural environment
dissipates the waste by self-cleaning, which brings positive
impact on economic development; when the pollutant
emission level is higher than the natural environmental
carrying capacity, in the short term, enterprises obtain
economic growth through high energy consumption, high
pollution, and high emission, but the continuous emission
of pollutants will reduce the environmental quality and trigger
negative externalities, which will eventually negatively affect
economic development (Chen and Chen, 2018). To ensure
long-term sustainable economic development, the state
introduces environmental regulation mechanism.
Environmental regulation aims to prevent and control
pollution, improve the environment, and achieve
harmonious development of economy and resources and
environment. Regarding the impact of environmental
regulation on economic development, some scholars
support the “innovation compensation theory,” which
argues that appropriate environmental regulation can
stimulate business innovation and promote economic
growth. For pollution-intensive industries, higher
environmental regulation standards can force enterprises to
improve technological innovation, reduce environmental
pollution and energy consumption, and improve the quality
of economic development (Zhu et al., 2014). Some scholars
support the “cost of compliance” theory, arguing that in the
short term, strict environmental regulations raise production
costs and reduce the profitability of enterprises (Greenstone
et al., 2012), and even “force” enterprises to move to areas with
less stringent regulations, creating “pollution havens” that are
not conducive to improving the quality of economic
development (Conrad and Wastl, 1995).

In recent years, China has attached great importance to the
issue of environmental pollution by re-establishing the
Ministry of Natural Resources to unify the management of
natural resources. At the same time, China has strengthened
environmental regulations and improved the accountability
system for ecological and environmental protection, seeking to
better coordinate the development relationship between
population, economy, and resources. From the literature, it
can be seen that HQED includes the concept of “population-
economy-society-resources” coordinated development. In the
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comprehensive evaluation of HQED, the existing researches
have their characteristics. However, there are still many
shortcomings, such as the results of some literature are
rather one-sided, which cannot reflect the overall
characteristics of China’s HQED; some literature has not
selected reasonable indicators and needs to be improved.
Therefore, this study constructs a scientific evaluation index
system from the connotation of HQED, and incorporates
environmental regulation variables to analyze its impact on
HQED. The contribution of this research is mainly reflected in
the following aspects. First, this study considers the positive
indicators, negative indicators, and moderate indicators
affecting the HQED, and constructs a scientific, systematic,
and comprehensive evaluation index system for HQED.
Second, this study uses panel data of 30 Chinese provinces
(cities and districts) from 2005 to 2019 to measure the level of
China’s HQED by region, analyzes the temporal trends and
spatial differences in China’s HQED, and objectively and truly
grasps the current status of China’s HQED. Third, this paper
introduces environmental regulation variables, and uses
economic quality development and economic quantity
development as explanatory variables, respectively, to
comprehensively analyze the impact of environmental
regulation on economic development and its regional
heterogeneity, and provide countermeasures for promoting
economic quality.

2 RESEARCH DESIGN

2.1 Measurement of China’s HQED Index
Based on Fuzzy Comprehensive Evaluation
Method
2.1.1 Construction of an Evaluation Index System for
China’s HQED
As mentioned above, the definition of HQED includes the concept
of coordinated development of population-economy-society-
resources, which covers three aspects: economic development
progress, social life stability, and ecological environment
optimization. Therefore, this study takes into account the
scientific and systematic nature of the evaluation system, as well
as the availability of indicator data, and uses data from 30 provinces
(cities and regions) in China (due to the serious lack of indicators in
China, Hong Kong, Macao, Taiwan, and Tibet are not included in
this study) to construct an evaluation index system for measuring
China’s HQED index, with the criterion layer consisting of 3
dimensions, including economic development, social life, and
ecological environment. The sub-criteria layer consists of 13
dimensions such as economic development quantity, economic
development speed, and industrial structure coordination, and the
indicator layer contains 28 indicators such as real regional GDP,
real GDP per capita, GDP growth rate, and GDP per capita growth
rate, as shown in Table 1.

TABLE 1 | Evaluation index system of China’s HQED index.

Target
layer

Criterion layer Sub-criteria layer Indicator layer Indicator
property

HQED index Economic
development

Economic development
quantity

Real regional GDP (100 million yuan) positive
Real GDP per capita (yuan) positive

Economic development speed GDP growth rate (%) positive
GDP per capita growth rate (%) positive

Industrial structure
coordination

Advanced industrial structure positive
Rationalization of industrial structure positive

Openness of economy and
trade

Total import and export/GDP (%) positive
Foreign direct investment/GDP (%) positive

Social life Technological innovation input R&D investment funds/GDP (%) positive
R&D Practitioners (person-year) positive

Technological innovation
output

Technology market turnover/GDP (%) positive
Patent efficiency (%) positive

Resident Life Employment rate (%) positive
Urbanization (%) positive

Urban-rural coordination Urban-rural income ratio (rural = 1) moderate
Urban-rural consumption ratio (rural = 1) moderate

Medical facilities Number of beds in medical and health institutions per 1,000 population positive
Health technicians per 1,000 people positive

Education level Education spending/GDP (%) positive
Average number of students enrolled in higher education per 100,000
population

positive

Public transportation Bus vehicles per 10,000 people (standard units) positive
Ecological
environment

Greening level Forest cover (%) positive
Greening coverage of built-up areas (%) positive
Park green space per capita (square meters) positive

pollutant emission level Industrial wastewater emissions per unit of GDP (tons per million yuan) negative
Amount of industrial solid waste per unit of GDP (tons per million yuan) negative

Pollution control Harmless disposal rate of residential waste (%) positive
Urban wastewater treatment capacity per day (10 thousand cubic meters) positive
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In terms of economic development, four aspects are included:
the quantity of economic development, the speed of economic
development, the coordination of industrial structure, and the
openness of economy and trade. Specifically, the quantity of
economic development is measured by real regional GDP and
real GDP per capita, the speed of economic development is
measured by GDP growth rate and GDP per capita growth
rate, the coordination of industrial structure is measured by
advanced industrial structure and rationalized industrial
structure, and the openness of economy and trade is measured
by the proportion of total import and export and the proportion
of foreign direct investment. In terms of social life, six aspects are
examined: technological innovation, residents’ life, urban-rural
coordination, medical facilities, education level, and public
transportation. Specifically, technological innovation includes
both technological innovation inputs and technological
innovation outputs. Technological innovation inputs are
measured by the ratio of R&D input funds and the full-time
equivalent of R&D employees, and technological innovation
outputs are measured by the ratio of technology market
turnover and patent efficiency. The employment rate and
urbanization level measure the living standard of residents; the
urban-rural income ratio and urban-rural consumption ratio
measure the coordination of urban-rural development; the
number of beds in medical and health institutions per unit of
population and the number of health technicians per 1,000 people
measure the level of medical facilities; the proportion of education
expenditure and the average number of students in higher
education schools per 100,000 people measure the level of
education; and the number of public transportation vehicles
per 10,000 people measures the level of public transportation.
In terms of the ecological environment, three aspects are
included: greening level, pollutant emission level, and
pollution control. Specifically, the greening level is measured
by the forest coverage rate, the greening coverage rate of built-
up areas, and the per capita park green area; the pollutant
emission level is measured by the industrial wastewater
emission per unit of GDP and the industrial solid waste per
unit of GDP; and the pollution control capacity is measured by
the harmless treatment rate of residential waste and the daily
treatment capacity of urban sewage.

Both real regional GDP and real per capita GDP are
calculated by using GDP index and per capita GDP index
respectively, taking 2005 as the base period. When measuring
the degree of industrial structure coordination, this study adopts
the ratio of the output value of the tertiary industry to the output
value of the secondary industry to measure the level of the
advanced industrial structure according to Clark’s law. A larger
ratio indicates a higher level of advanced industrial structure.
The level of industrial structure rationalization reflects the
dynamic process of continuous strengthening of coordination
ability and increasing level of association between industries in a
country. This study uses the Thiel index to measure the degree
of industrial structure rationalization in each province (city,
region). The equation is theilit � 1 −∑3

m�1yimt ln(yimt/limt),
where yimt indicates the proportion of the mth industry in
regional GDP of the ith province or city in the year t, and limt

indicates the proportion of employees of the mth industry in
total employment in the ith province or city for year t. The larger
the value of the industrial structure rationalization index, the
more reasonable the industrial structure of a region. The patent
efficiency is measured by the proportion of the number of
granted patent applications to the number of patent
applications, the urban-rural income ratio is measured by the
ratio of per capita disposable income of urban residents to per
capita disposable income of rural residents, the industrial
wastewater emission per unit GDP is measured by the ratio
of total industrial wastewater emission to GDP, the industrial
solid waste per unit GDP is measured by the ratio of industrial
solid waste generation to GDP, and the remaining indicators are
calculated according to the method shown in Table 1.

2.1.2 Fuzzy Comprehensive Evaluation Model
Construction
In this study, the indicators of HQED index are divided into three
categories: positive indicators, negative indicators, and moderate
indicators. Due to the different attributes and different units of
measurement among different indicators, to facilitate analysis
and comparison, this study establishes a fuzzy benefit-type matrix
by dimensionless method, and transforms all elements of the
matrix into positive indicators. Then, this paper uses the
coefficient of variation method to determine the index weights.
Finally, the comprehensive evaluation model is constructed as
follows.

hqei � 100∑
m

j�1
wjbij (1)

where hqei represents the HQED index of each province, and the
larger the value, the better the level of HQED of a region. bij
denotes the elements of the benefit matrix.

2.2 Panel Data Regression Model
To further assess the impact of environmental regulation on
HQED and regional heterogeneity, this study constructs the
following benchmark regression model based on relevant data
from 30 provinces (cities and regions) in three major regions of
China: east, central and west from 2005 to 2019.

ln hqeit � β0 + β1 · ln reg2it + β2 · ln regit +∑
n

i�3
βit · controlit + μi

+ γt + εit

(2)
where i represents the province, ln hqeit denotes the explanatory
variable, measured by the HQED index and taken as a
logarithm. ln regit denotes the core explanatory variable
environmental regulation, measured by the share of total
investment in the construction of environmental technology
facilities in each province’s urban GDP (unit: %), and taken as a
logarithm. Meanwhile, to examine the non-linear impact of
environmental regulation, this study introduces a quadratic
term of environmental regulation ln reg2it. controlit is a
series of control variables related to the high quality of the
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economy, specifically including the scale of fixed asset
investment (inv, in %), expressed as the ratio of total social
fixed asset investment to GDP; government intervention (gov, in
%), expressed as the share of fiscal expenditure in GDP; road
area per capita (lnroad, in m2/person); disposable income per
inhabitant (lnwage, in RMB/person), urban population density
(lnpop, in person/km2). μi and γt represent individual fixed
effects and time fixed effects, respectively, and εit denotes the
random perturbation term. To eliminate the effect of
heteroskedasticity, this study logarithmizes the road area per
capita, disposable income per resident, and urban population
density.

To fully explore the impact of environmental regulation on
economic development, this study introduces the explanatory
variable, the level of quantitative economic development,
expressed as the logarithm of real GDP per capita (lnpgdpit),
and establishes the following regression model.

lnpgdpit � β0 + β1 · ln reg2it + β2 · ln regit +∑
n

i�2
βit · controlit

+ μi + γt + εit

(3)

In formula (Eq. 3), except for the explanatory variables, the
meanings of the remaining indicators are the same as in
model (2).

2.3 Data Source
In this study, the data of each indicator are obtained from the
official website of the National Bureau of Statistics of China, the
China Statistical Yearbook, the China Environmental Statistical
Yearbook, and the China Population and Employment Statistical
Yearbook of the corresponding year, and the missing data are
filled in using interpolation method.

3 ANALYSIS OF CHINA’S HQED

3.1 The Evaluation Results of HQED
The measured results of China’s economic high-quality
development index for each province (city, region) and the
three major regions are shown in Table 2 and Figure 1. It can
be seen that the overall level of China’s economic quality
development showed a fluctuating upward trend from 2005 to
2019. The HQED index increased by 22% from 27.87 to 33.95. In
2007, the quality development index of China’s economy reached

TABLE 2 | Regional HQED index of China from 2005 to 2019.

Province 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean Rank

Beijing 61.42 60.84 55.00 54.35 55.45 55.95 56.35 55.36 55.68 56.14 56.65 57.67 57.09 55.79 55.55 56.62 2
Tianjin 43.91 42.11 34.40 34.62 34.07 35.08 38.01 38.16 37.76 37.86 39.13 40.22 36.22 36.40 43.74 38.11 6
Hebei 21.52 20.83 19.65 20.04 19.75 19.86 23.08 23.40 22.72 23.27 25.77 27.55 26.96 27.53 29.53 23.43 21
Liaoning 32.08 30.14 27.29 27.95 27.41 28.34 30.63 30.70 29.81 29.28 28.45 29.37 30.78 32.49 33.53 29.88 9
Shanghai 53.34 52.75 47.41 48.63 49.45 50.09 49.81 48.10 47.26 48.81 49.70 50.81 49.60 49.93 49.12 49.65 3
Jiangsu 45.88 44.29 41.15 42.25 44.89 46.36 47.88 49.83 49.16 50.53 51.96 52.49 52.00 51.57 53.54 48.25 4
Zhejiang 38.89 38.28 35.74 36.14 36.16 37.97 38.66 39.50 40.01 41.75 43.65 44.73 44.75 46.34 48.66 40.75 5
Fujian 34.21 30.99 28.30 29.31 28.56 29.72 32.83 34.09 33.74 34.67 34.96 35.69 35.27 36.59 37.30 33.08 8
Shandong 31.78 31.45 30.40 32.52 32.75 33.36 35.86 36.90 36.40 37.75 38.85 40.50 40.25 39.75 40.93 35.96 7
Guangdong 60.47 59.35 56.78 57.18 57.61 61.92 62.55 63.27 63.62 64.32 64.94 65.87 69.08 71.03 71.54 63.30 1
Hainan 25.50 24.73 30.79 29.93 30.35 25.96 25.86 26.36 26.03 26.88 27.20 30.94 28.56 29.16 30.84 27.94 11
mean (eastern) 40.82 39.61 36.99 37.54 37.86 38.60 40.14 40.51 40.20 41.03 41.93 43.26 42.78 43.32 44.93 40.64 (1)
Shanxi 17.21 15.72 15.81 15.08 14.94 16.58 19.66 19.95 19.44 18.82 19.76 21.73 20.60 21.65 22.59 18.64 26
Jilin 24.42 22.99 21.70 22.37 21.49 21.32 23.57 23.84 22.68 22.60 24.47 27.05 24.64 25.50 27.96 23.77 20
Heilongjiang 24.59 22.86 22.41 23.15 23.02 22.93 24.80 25.34 25.53 25.15 26.80 28.76 26.99 25.87 27.19 25.03 17
Anhui 21.21 20.55 20.77 20.91 21.10 21.04 24.70 25.59 25.13 26.44 28.19 28.68 28.32 29.30 31.17 24.87 19
Jiangxi 22.27 20.70 20.23 22.29 21.57 21.67 24.58 25.92 24.51 25.40 26.80 28.07 28.31 30.10 31.88 24.95 18
Henan 22.95 21.21 20.59 21.24 21.76 21.97 24.82 26.03 25.65 27.76 30.32 31.85 30.37 31.35 32.55 26.03 15
Hubei 26.11 24.27 23.47 24.80 25.08 25.65 27.53 28.43 28.97 31.00 32.27 33.70 32.47 33.09 34.40 28.75 10
Hunan 24.24 24.47 23.14 23.40 24.13 23.44 25.45 26.87 25.73 27.65 29.25 30.76 31.22 32.75 34.87 27.16 13
mean (central) 22.87 21.60 21.02 21.65 21.64 21.83 24.39 25.25 24.71 25.60 27.23 28.83 27.86 28.70 30.33 24.90 (2)
Inner Mongolia 21.55 18.49 17.51 18.95 19.03 17.07 21.05 21.94 20.97 21.93 22.76 24.39 21.09 21.87 22.72 20.75 23
Guangxi 19.53 19.33 17.90 18.22 20.99 19.44 22.70 23.13 21.57 22.57 23.88 25.41 25.11 26.77 28.66 22.35 22
Chongqing 22.01 21.80 22.20 23.17 22.04 23.70 26.78 28.77 29.30 31.18 31.34 33.09 31.50 32.85 33.16 27.53 12
Sichuan 21.84 21.11 20.69 21.92 23.28 23.14 25.26 26.92 25.79 26.84 28.29 29.90 29.52 32.35 34.79 26.11 14
Guizhou 12.04 10.47 11.68 13.09 12.97 13.20 17.49 18.48 18.79 20.12 23.14 24.21 24.29 25.74 27.05 18.18 27
Yunnan 18.64 15.46 16.17 16.31 16.67 16.81 19.30 20.76 20.11 20.34 22.11 23.61 24.23 24.83 26.33 20.11 24
Shaanxi 20.88 20.36 19.12 21.15 21.81 22.17 26.20 27.07 27.59 28.85 29.48 31.42 28.94 30.49 31.14 25.78 16
Gansu 15.43 14.70 14.16 15.17 15.05 14.30 16.62 18.05 17.81 18.35 20.11 21.65 19.20 20.85 22.47 17.59 29
Qinghai 17.07 16.31 15.49 15.86 15.48 15.09 13.37 12.60 10.34 10.95 11.27 12.55 12.40 12.14 10.82 13.45 30
Ningxia 15.08 15.13 13.02 14.94 14.53 15.36 17.32 17.67 17.07 17.59 19.66 20.98 21.78 21.65 23.17 17.66 28
Xinjiang 19.92 17.58 17.28 17.61 16.35 16.29 19.21 18.91 18.32 19.27 20.96 21.45 19.91 20.10 21.27 18.96 25
mean (western) 18.55 17.34 16.84 17.85 18.02 17.87 20.48 21.30 20.70 21.63 23.00 24.42 23.45 24.51 25.60 20.77 (3)
mean (country) 27.87 26.64 25.34 26.08 26.26 26.53 28.73 29.40 28.92 29.80 31.07 32.50 31.71 32.53 33.95 29.16
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the lowest point of 25.34. In 2019, the high-quality development
index of China’s economy reached its highest value of 33.95.
During the study period, the average value of the China HQED
index is 29.16. According to the HQED index of the three major
regions, from 2005 to 2019, the HQED index of the eastern,
central, and western regions of China all showed a fluctuating
upward trend. Among them, the eastern region had the best level
of economic high-quality development for a long time, ranking
first among the three regions and higher than the national
average. From 2005 to 2019, the HQED index of the eastern
region rose from 40.82 to 44.93, with an increase of 10%. In 2007,
the HQED index of the eastern region reached its lowest value of
36.99; in 2019, the index of HQED in the eastern region rose to
the highest value of 44.93. During the study period, the average
value of the HQED in the eastern region was 40.64, which was
much higher than the average value in the central and western
regions and the country. The HQED index in the central region
ranks second among the three regions, but it is lower than the
national average for a long time. From 2005 to 2019, the index of
HQED in the central region rose from 22.87 to 30.33, with an
increase of 33%. In 2007, the level of HQED in the central region
reached the lowest value of 21.02; in 2019, the level of HQED in
the central region rose to the highest value of 30.33. During the
study period, the average value of the HQED in the central region
was 24.90. The western region had the lowest level of HQED
among the three regions for a long time. From 2005 to 2019, the
western region’s economic quality development index increased
from 18.55 to 25.60, with an increase of 38%. It is the highest
growth rate among the three regions. In 2007, the western
region’s economic quality development index reached its
lowest value of 16.84 and rebounded to its highest value of
25.60 in 2019. During the study period, the average value of
the HQED index in the western region was 20.77.

To better analyze the level of HQED of each province (city or
region), this study classifies the high, medium, low levels of high-
quality development according to the ratio of 20%, 80%, and 20%.
Specifically, among the 30 provinces (cities and regions), the top
six provinces (cities and regions) are divided into the high-level
group of HQED, the seventh to twenty-fourth ranked provinces
(cities and regions) are divided into the medium level group of
HQED, and the bottom six provinces (cities and regions) are

divided into the low-level group of HQED. According to Table 2,
Guangdong, Beijing, Shanghai, Jiangsu, Zhejiang, and Tianjin
belong to the high-level group; Qinghai, Gansu, Ningxia,
Guizhou, Shanxi, and Xinjiang belong to the low-level group,
and the rest of the provinces (cities and regions) belong to the
medium level group. A comparative analysis shows that the six
provinces (cities and districts) in the high-level group are all
located in the eastern part of China; five of the six provinces (cities
and districts) in the low-level group are located in the western
part of China. Among them, the average value of Guangdong’s
HQED index is 63.30, ranking first among 30 provinces (cities
and regions); while the average value of Qinghai is 13.45, ranking
the last among 30 provinces (cities and regions), less than a
quarter of Guangdong, and the level of economic quality
development needs to be improved.

Taking the score of 60 as the passing line of the HQED index, it
can be found that China’s HQED level is relatively backward, with
an average score of 29.16 nationwide and average scores of 40.64,
24.90, and 20.77 in the eastern, central and western regions
respectively, which are far below the passing line level. Among
the 30 provinces (cities and regions), only Guangdong Province
has an index score slightly above 60, that is 63.30, while the
remaining 29 provinces (cities and regions) have a failing index
score, indicating that China’s HQED still has a long way to go.

3.2 The Reasons for Regional Difference of
HQED
The above results indicate that the HQED of China’s economy
shows an upward trend of fluctuation, and there are obvious
differences among the three regions. To analyze the reasons for
this result, this study calculated the scores of economic
development, social life, and ecological environment, as shown
in Table 3. At the national level, the economic development level
showed a fluctuating upward trend. The ecological environment
showed an obvious upward trend, while the social life index
showed a downward trend. Therefore, under the comprehensive
action of economy, society, and ecology, the level of HQED
showed a fluctuating upward trend. In addition, the economic
development level, social living standard, and ecological
environment index of the eastern region are all higher than
that of the central and western regions, especially the
economic development level, which was about 2.5 times that
of the central region and about three times that of the western
region. Therefore, under the multiple drives of economy, society,
and ecology, eastern China enjoys the best level of HQED.

4 IMPACT OF ENVIRONMENTAL
REGULATION ON THE HQED

4.1 Descriptive Statistical Analysis
Table 4 shows the results of descriptive statistical analysis of each
variable. According to Table 4, it can be seen that the mean
(absolute value) of all variables is much larger than the standard
deviation, except for the mean absolute value of environmental
regulation indicators, which is relatively similar to the standard

FIGURE 1 | High-quality development trend of China’s economy from
2005 to 2019.
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deviation, indicating that the dispersion of the data is low; the
variance inflation factors are all much smaller than 10, indicating
that there is no multicollinearity among the variables. In
summary, the data can be used for further analysis.

4.2 Cointegration Test
To test whether there is a long-term equilibrium relationship
between the level of HQED, the quantity of economic
development, and the explanatory variables, this study selects
the Pedroni test for cointegration, and the results are shown in
Table 5. According to Table 5, the p-values of the three test
statistics of the pedroni test are all much less than 0.01, which
strongly rejects the null hypothesis of “no cointegration
relationship” and indicates that there is a long-term
equilibrium relationship among the indicator variables.

4.3 Empirical Results
4.3.1 Impact of Environmental Regulation on the
HQED
Table 6 shows the influences of environmental regulation on
HQED and quantitative economic development. Columns (1)
and (3) indicate the effects of environmental regulation onHQED
and quantitative economic development without control
variables, respectively. Columns (2) and (4) show the results
with control variables. The magnitude, direction, and significance
of the core explanatory variables have no significant difference
whether control variables are added or not. It also verifies the
robustness of the regression results. Since the inclusion of control
variables can avoid the endogeneity problem caused by omitted
variables and make the test results more consistent with objective
facts, the model results with the control variables are selected for
analysis in this study.

According to the regression results in column (2) of Table 6,
the quadratic coefficient of environmental regulation is −0.0293
at 10% significance level, while the primary coefficient is 0.00443,
indicating that there is an inverted “U” shaped relationship
between environmental regulation and HQED, which rises and
then falls. When the level of environmental regulation is below
0.0756, there is an “innovation compensation” effect between
environmental regulation and HQED, and the level of China’s

TABLE 3 | The scores of three criterion layers.

Criterion
layer

Economic development Social life Ecological environment

East Cent-
ral

West Nation-
wide

East Cent-
ral

West Nation-
wide

East Cent-
ral

West Nation-
wide

2005 12.46 4.34 3.43 6.98 14.94 8.42 6.65 10.16 13.42 10.12 8.46 10.72
2006 12.45 4.31 3.07 6.84 14.46 8.08 6.41 9.80 12.71 9.21 7.87 10.00
2007 11.18 3.74 2.62 6.06 13.31 7.52 6.11 9.13 12.50 9.76 8.11 10.16
2008 11.74 4.46 3.41 6.74 13.19 7.29 5.90 8.95 12.60 9.90 8.55 10.40
2009 12.33 4.86 4.04 7.30 13.34 7.28 5.89 8.99 12.19 9.49 8.09 9.97
2010 12.48 4.76 3.64 7.18 13.75 7.33 5.99 9.19 12.37 9.73 8.25 10.16
2011 12.22 5.03 4.19 7.36 13.38 6.91 5.55 8.79 14.54 12.44 10.74 12.58
2012 12.27 5.14 4.32 7.46 13.01 7.15 5.72 8.78 15.23 12.95 11.26 13.17
2013 11.94 4.65 3.93 7.06 13.30 7.22 5.69 8.89 14.96 12.83 11.08 12.97
2014 12.43 5.18 4.31 7.52 13.46 7.46 6.07 9.15 15.13 12.96 11.25 13.13
2015 12.62 5.58 4.48 7.76 13.44 7.76 6.46 9.37 15.87 13.89 12.06 13.95
2016 14.18 7.03 5.65 9.15 13.11 7.77 6.66 9.32 15.96 14.02 12.11 14.03
2017 13.29 6.01 4.75 8.22 13.73 8.34 7.10 9.86 15.76 13.52 11.60 13.64
2018 13.42 5.96 4.64 8.21 13.22 8.15 7.16 9.65 16.68 14.59 12.72 14.67
2019 14.03 6.18 4.86 8.58 13.50 8.69 7.14 9.89 17.40 15.45 13.60 15.49
Mean 12.60 5.15 4.09 7.49 13.54 7.69 6.30 9.33 14.49 12.06 10.38 12.33

TABLE 4 | Descriptive statistics.

Variables Observations Mean Standard deviation Min Max VIF

lnhqe 450 3.29 0.39 2.34 4.27 —

lnpgdp 450 10.25 0.62 8.53 11.78 —

lnreg 450 −0.42 0.57 −2.33 1.01 1.19
inv 450 71.11 24.85 19.56 147.95 2.91
Gov 450 22.29 9.77 7.98 62.84 2.02
Lnroad 450 2.58 0.37 1.40 3.27 1.78
Lnwage 450 9.51 0.74 6.43 11.15 1.12
Lnpop 450 7.79 0.53 5.24 8.75 1.15

TABLE 5 | The results of the cointegration test.

Three test statistics Lnhqe lnpgdp

Statistic p-value Statistic p-value

Modified Phillips-Perron t 9.0389 0.0000 8.6794 0.0000
Phillips-Perron t −6.9972 0.0000 −3.4783 0.0003
Augmented Dickey-Fuller t −8.2286 0.0000 −3.6924 0.0001
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HQED tends to increase with the increase of environmental
regulation, because HQED pays more attention to the
coordinated development of economy, society, and ecology.
According to Porter’s hypothesis, appropriate environmental
regulation can stimulate enterprises to engage in technological
innovation and reduce environmental pollution, thus promoting
HQED. However, when the environmental regulation level is
bigger than 0.0756, the level of HQED keeps decreasing as
environmental regulation increases, because strict
environmental regulation increases the cost of pollution
control, squeeze out the R&D investment in enterprise, and
even break the reasonable industrial chain, thus
inhibiting HQED.

According to column (4) of Table 6, the coefficient of the
quadratic term of environmental regulation is −0.0222 and the
coefficient of the primary term is −0.0258 at 5% level of
significance, indicating that there is a negative relationship
between environmental regulation and quantitative economic
development. That is, the relationship between environmental
regulations and quantitative economic development exhibits a
“compliance cost” effect, with stronger environmental regulations
inhibiting economic volume growth. At present, China’s
economic growth still depends on energy consumption, fossil
fuel burning, and secondary industry development. Strict
environmental regulations restrict the development of
pollution-intensive industries, which puts high energy
consumption and high pollution enterprises under greater cost
pressure and even triggers the phenomenon of enterprise closure
and industrial transfer, leading to a decline in the development
level of the region’s economic quantity.

According to the coefficient of the control variables, there is a
positive effect of the size of fixed asset investment on both HQED

and quantitative economic development. For every 1 percentage
point increase in the scale of fixed asset investment, the level of
HQED increases by 0.121% on average, and the level of
quantitative economic development increases by 0.216% on
average. It indicates that expanding the scale of fixed asset
investment helps to increase the vitality of enterprises, thus
promoting economic development. There is a significant
negative effect of government intervention on both HQED
and quantitative economic development. For every 1
percentage point increase in government intervention, the level
of HQED decreases by 1.41% on average, and the level of
quantitative economic development decreases by 0.933% on
average. This indicates that although government intervention
can solve the problem of “market failure” to some extent,
excessive government intervention may inhibit enterprise
innovation and is detrimental to the efficient allocation of
resources, thus reducing the economic development level.
Road area per capita and disposable income per inhabitant
have a significant contribution to the development of
economic high-quality and economic quantity. For every 1%
increase in road area per capita, the level of HQED increases
by 0.135% on average, and the level of economic quantity
development increases by 0.146% on average. For every 1%
increase in per capita disposable income, the average increase
in the level of HQED is 0.199% and the average increase in the
level of economic quantity development is 0.129%. It can be seen
that the increase of transportation convenience can promote
regional exchange, science and technology exchange, which is
beneficial to economic development; at the same time, higher per
capita disposable income means higher living standard, and
higher living standard helps to achieve economic development.
There is a negative correlation between urban population density
and HQED, and a positive correlation with the level of
quantitative economic development. For every 1% increase in
population density, the average level of HQED decreases by
0.0131%, while the average level of quantitative economic
development increases by 0.00795%. The reason is that
population gathering brings a large amount of labor force,
which can pull the economic quantity growth. However, too
much population means an increase in resource demand, energy
consumption, and pollution emissions, which is not conducive
to HQED.

4.3.2 Regional Heterogeneity Analysis of the Impact of
Environmental Regulation on China’s HQED
Table 7 shows the impact of environmental regulation on the
HQED and the quantitative economic development in China’s
eastern, central, and western regions. According to column (1),
the quadratic coefficient of environmental regulation is
−0.00945 and the primary coefficient is 0.00788, indicating
that there is an inverted U-shaped nonlinear correlation
between environmental regulation and HQED in the eastern
region. When the level of environmental regulation is lower
than 0.4169, there is an “innovation compensation” effect
between environmental regulation and HQED; when the level
of environmental regulation is higher than 0.4169, the increase
of environmental regulation will inhibit HQED in the eastern

TABLE 6 | The influence of environmental regulation on economic development.

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

lnhqe lnhqe Lnpgdp lnpgdp

lnreg2 −0.0394* −0.0293* −0.0332** −0.0222**
(0.0209) (0.0150) (0.0150) (0.00847)

Lnreg 0.0233 0.00443 −0.00523 -0.0258
(0.0207) (0.0193) (0.0240) (0.0188)

inv 0.00121 0.00216***
(0.000841) (0.000634)

gov −0.0141*** −0.00933***
(0.00456) (0.00286)

lnroad 0.135*** 0.146***
(0.0429) (0.0309)

lnwage 0.199*** 0.129*
(0.0689) (0.0649)

lnpop −0.0131 0.00795
(0.0192) (0.0144)

Constant 3.272*** 1.594** 9.561*** 8.153***
(0.0214) (0.591) (0.0187) (0.544)

Individual fixed yes Yes Yes yes
Time fixed yes Yes Yes yes
Observations 450 450 450 450
R-squared 0.626 0.721 0.977 0.986
Number of id 30 30 30 30

Note: robust standard error in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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region. According to column (2), the quadratic coefficient of
environmental regulation is -0.0201 and the primary coefficient
is −0.0357, indicating that there is a “cost of compliance” effect
between environmental regulation and quantitative economic
development in the eastern region. It can be seen that in the
eastern region, although environmental regulation reduces the
level of quantitative economic development, appropriate
regulatory measures are conducive to social and ecological
development for the better, and the social and ecological
gains outweigh the economic losses, thus increasing the level
of quality economic development in the region. According to
column (3), there is an “innovation compensation” effect
between environmental regulation and HQED in the central
region, and the level of HQED in the region gradually increases
with the strengthening of environmental regulation. The
regression results in column (4) show that there is a “U”
shaped relationship between environmental regulation and
quantitative economic development in the central region.
When the level of environmental regulation is lower than
0.5786, the relationship between environmental regulation
and quantitative economic development shows the “cost of
compliance” effect, and the increase of environmental
regulation will inhibit economic quantity development; when
the level of environmental regulation is higher than 0.5768, it
shows the promotion effect on economic quantity development.
It can be seen that in the central region, strict environmental
regulation measures increase the cost of pollution for
enterprises and force them to reform through technological
innovation and other means to promote economic quantity and
quality. Columns (5) and (6) demonstrate the effect of
environmental regulation on economic development in the

western region. According to the regression results, there is a
“cost compliance effect” between environmental regulation and
economic development in the western region, i.e., enhanced
environmental regulation inhibits economic quality
development and economic quantity development. The
reasons may lie in the lack of talent in the western region,
the level of technological innovation is more backward,
economic development is dominated by traditional
industries, and strict environmental regulations restrict
economic development in the western region, resulting in a
decline in both economic quality and economic quantity. In
summary, there is obvious regional heterogeneity in
environmental regulation effects due to differences in
geographic location, resource endowment, and other aspects.

4.3.3 Robustness Test
To test the reliability of the model results, this study applies the
core variable substitution method for robustness testing.
Specifically, regressions are conducted with the value of
HQED (hqe) as the explanatory variable, the squared term of
environmental regulation (reg2), and the primary term of
environmental regulation (reg) as the core explanatory
variables. In addition, regressions are conducted by using log
regional GDP (lngdp) as an indicator of economic quantitative
development and the squared term of log environmental
regulation (lnreg2) and the primary term of log environmental
regulation (lnreg) as the core explanatory variables. The results of
the robustness tests are shown in Table 8. Only the direction of
lnreg coefficient in column (4) and the direction of reg coefficient
in column (7) differs from the previous results. However, the
basic conclusion remains the same, both reflecting that stronger

TABLE 7 | The regional heterogeneity of environmental regulation.

Variables Eastern region Central region Western region

(1) (2) (3) (4) (5) (6)

lnhqe Lnpgdp lnhqe Lnpgdp lnhqe lnpgdp

lnreg2 −0.00945 −0.0201 0.0270 0.0210 −0.0447* −0.0107
(0.0167) (0.0151) (0.0224) (0.0197) (0.0202) (0.0147)

lnreg 0.00788 −0.0357 0.0797*** −0.0243 −0.0364 −0.00131
(0.0260) (0.0254) (0.0224) (0.0305) (0.0252) (0.0215)

inv 0.00141 0.00289*** 0.000321 0.00107 −0.000838 -0.000478
(0.000941) (0.000861) (0.000479) (0.000612) (0.00222) (0.000584)

gov −0.00402 −0.0144*** −0.00566** -0.0111** −0.0196*** −0.00792**
(0.00490) (0.00430) (0.00186) (0.00371) (0.00355) (0.00349)

lnroad 0.0268 0.0947*** −0.108 −0.0277 0.304** 0.0368
(0.0200) (0.0244) (0.0783) (0.164) (0.112) (0.0647)

lnwage 0.269 0.351* 0.123** 0.194 0.245* −0.00438
(0.151) (0.185) (0.0385) (0.113) (0.120) (0.0835)

lnpop −0.00700 −0.0165 −0.0175 0.0296 −0.0216 −0.0118
(0.0683) (0.0381) (0.0230) (0.0182) (0.0318) (0.00887)

Constant 1.316 6.986*** 2.603*** 7.705*** 0.993 9.383***
(1.221) (1.717) (0.407) (0.740) (0.917) (0.675)

Individual fixed yes Yes Yes yes yes yes
Time fixed yes Yes Yes yes yes yes
Observations 165 165 120 120 165 165
R-squared 0.615 0.990 0.948 0.993 0.789 0.992
Number of id 11 11 8 8 11 11

Note: robust standard error in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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environmental regulation has a suppressive effect on the
quantitative development of the eastern economy and the
high-quality development of the western economy. So far, the
robustness of the model is verified.

5 CONCLUSION AND POLICY
SUGGESTIONS

5.1 Conclusion
To realize the win-win of economic development and
environmental protection is always the focus of people’s
attention. As China enters a new stage of historical
development, HQED has become the goal pursued by China
in the new era. Given this, this study constructs an economic
quality development evaluation index system based on panel
data of 30 provinces (cities and regions) in China, and
establishes a panel data regression model to explore the
impact of environmental regulation on HQED. This study
mainly draws the following conclusions. First, China’s overall
and regional HQED index shows a fluctuating upward trend.
Among them, the high-quality development index of China’s
economy increases from 27.87 to 33.95, with an increase of
22%. The HQED index of the eastern region increases by 10%
from 40.82 to 44.93. The central region’s index increases by
33% from 22.87 to 30.33. The western region’s index increases
by 38% from 18.55 to 25.60. Second, China’s economic high-
quality development index shows obvious regional differences.
Among them, the HQED index of the eastern region has always
been the best, far higher than that of the central and western
regions. The central region ranks second among the three
regions, but has been lower than the national average for years.
The HQED index in the western region has been the lowest for
years, and there is a large room for progress. Third, the level of
high-quality development of the Chinese economy is low. Both

at the national and regional level, the HQED has not reached
the passing level. Among the 30 provinces (cities, regions),
only Guangdong province barely passes the high-quality level
of economic development. Fourth, there is an inverted “U”
shaped relationship between environmental regulation and
HQED, and a “cost of compliance” effect between
environmental regulation and quantitative economic
development. Fifth, in China, the effect of environmental
regulation has certain regional heterogeneity. Specifically,
the impact of environmental regulation on economic
development in eastern China is similar to that in the
whole country. However, in the central region, there is an
“innovation compensation” effect between environmental
regulation and HQED, while there is a “U” shape
relationship between environmental regulation and
quantitative economic development. In the western region,
strict environmental regulation has a restraining effect on
HQED and quantitative economic development.

5.2 Policy Suggestions
According to the conclusion, this study put forward the
following suggestions. First, it is necessary to attach
importance to coordinated regional development and
coordinate the high-quality and all-round improvement of the
economy in the eastern, central, and western regions. It is found
that although the HQED of China and the three regions shows an
upward trend, there are obvious regional differences in the
HQED index. Therefore, it is important to strengthen the
exchange of talents, technology, and other factors between
regions, narrow the regional development gap,
comprehensively improve the quality of China’s economic
development level, and promote the coordinated development
of the high-quality economy. Second, it is of great significance to
firmly establish the concept of HQED and promote steady
progress of HQED. The level of high-quality development of

TABLE 8 | The results of empirical test.

Variables Nationwide Eastern region Central region Western region

(1) (2) (3) (4) (5) (6) (7) (8)

hqe lngdp hqe Lngdp hqe lngdp hqe lngdp

reg2 −1.133*** −1.251 0.0586 −0.993*
(0.375) (0.798) (0.740) (0.546)

Reg 3.094** 3.451 1.505 2.286
(1.191) (2.587) (1.747) (1.438)

lnreg2 −0.0109* −0.00344 0.0168 −0.00408
(0.00606) (0.00604) (0.0156) (0.00915)

lnreg −0.0139 0.00163 −0.0161 −0.00242
(0.0142) (0.00778) (0.0232) (0.0165)

Constant −10.61 7.412*** −78.87 6.097*** 1.266 6.894*** −4.288 8.133***
(10.46) (0.440) (53.79) (1.376) (9.492) (0.517) (15.74) (0.387)

Control variables yes yes yes yes yes yes yes yes
Individual fixed yes yes yes yes yes yes yes yes
Time fixed yes yes yes yes yes yes yes yes
Observations 450 450 165 165 120 120 165 165
R-squared 0.749 0.990 0.610 0.990 0.950 0.995 0.843 0.995
Number of id 30 30 11 11 8 8 11 11

Note: robust standard error in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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China’s economy is relatively backward, with no region reaching
the pass mark except Guangdong Province. Therefore, all
government departments, enterprises, and individuals should
firmly establish the idea of HQED, protect the environment and
save resources, abandon the “GDP only” theory, formulate and
abide by the scientific macroeconomic control system, and
promote the transformation of economic growth from
quantity to quality. Third, it is a top priority to develop green
industries and promote economic progress while maintaining
stability. Appropriate environmental regulation is conducive to
improving the level of HQED. At the same time, it will eliminate
pollution-intensive industries, resulting in the reduction of the
level of economic quantitative development. To ensure steady
economic progress, it is necessary to develop green industries,
promote industrial transformation and upgrading, stimulate
consumer demand and support steady and sound economic
development. Fourth, we should adopt appropriate
environmental regulation measures under local conditions,
and avoid the idea of “one size fits all”. China is a vast
country with different customs, people, and resources.
Therefore, for different regions, field research and other
measures should be taken as far as possible to grasp the
regional reality, formulate and adjust environmental
regulation measures according to the actual situation,
effectively guarantee people’s livelihood needs, protect
ecological resources, and make decisions that are most
conducive to the high-quality development of the local economy.

This research measures the level of high-quality economic
development and studies the impact of environmental regulation
on it. However, there are still some limitations in this study.
When studying the impact of environmental regulations on high-
quality economic development, on the one hand, the economic
effects of different environmental regulations are not considered.
In the future, the impact of heterogeneous environmental
regulations on high-quality economic development can be
studied. On the other hand, the influence of spatial factor is
ignored. In the future, spatial econometric models can be used for
analysis.
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