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Abstract: High-quality economic development is an important approach for achieving sustain-
able economic development, and it is an essential condition for coordinated development between
economic systems and ecosystems. This paper starts from five key points, namely, “innovation,
coordination, opening-up, sharing and greenness”, to construct an evaluation system for the index
of high-quality economic development, using the AHP and EVM methods to measure the level of
high-quality economic development of 30 regions in China from 2004 to 2019. It uses the kernel
density estimation model (hereinafter referred to briefly as KDE) and clustering method to analyze
time evolution trends and spatial variation characteristics. Moreover, the LSE model is adopted to
explore and analyze the factors influencing high-quality economic development in different regions.
Additionally, the driving forces of China’s high-quality economic development are analyzed by means
of path analysis combined with the average value of each index. The results show the following:
(1) The high-quality economic development of 30 regions in China (excluding Hong Kong, Macao,
Taiwan and Tibet) is spatially clustered, with obviously different development levels, characterized
by the eastern region being better developed than the central and western regions. (2) With the
passage of time, the polarization of China’s 30 regions has been alleviated, but they are still facing
challenging development situations; (3) The factors affecting the high-quality economic development
of these 30 regions in China can be divided into four types: three-factors, four-factors-I, four-factors-II
and five-factors. Contributing regional factors show different distribution characteristics. The above
conclusion provides a reference and scientific basis for the government to formulate policies of high-
quality economic development and to solve problems facing coordinated sustainable development
among regional societies, their economies and the environment.

Keywords: high-quality economic development; spatial-temporal analysis; KDE model; LSE model;
path analysis

1. Introduction

Over the course of 42 years, following the launch of reform and opening-up in 1978,
China’s GDP grew from USD 0.06 trillion to USD 15.88 trillion (as of 2020), second only to
the U.S., whose GDP increased to USD 20.89 trillion over the same period, making China
the world’s second-largest economy. The gap between China and the U.S. is gradually
narrowing. However, alongside rapid economic growth and the undeniably remarkable
achievements it has made, China has encountered many problems in resource utilization
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and social management, such as energy shortages, land pollution, water resource destruc-
tion, regional development imbalances, and income gaps [1–3]. According to a research
report from the World Bank [4], as the world’s largest emitter of sulfur dioxide (SO2) and
carbon dioxide (CO2), China has 16 of the 20 most polluted cities in the world; 58% of
China’s cities have an average annual PM10 concentration of more than 100 µg/m3, and
only 1% of China’s urban population lives in areas with an average annual PM10 con-
centration of less than 40 µg/m3. Furthermore, 54% of the water in China’s seven major
water systems is not suitable for human use. As early as 2003, the health costs caused by
air pollution accounted for 1.16–3.8% of the GDP in that year [4]. At the same time, agri-
cultural nonpoint-source pollution continues to expand, with the pesticide adhesion rate
only reaching 10~20%; the remaining 80~90% is lost in soil, water, and air. Meanwhile, the
agricultural film residue rate is more than 42% [5]. A report by the Global Environmental
Performance Index in 2020 showed that China was ranked 120th out of 180 countries, with
37.3 points, indicating that China’s current economic development, reliant on high-energy
consumption and high input, has become a major constraint for the sustainable develop-
ment of the country’s social economy [6,7]. China’s achievements in economic growth
and social progress have been impressive, but they have come at a heavy cost in terms
of resources, the environment and even the widening gap between rich and poor. The
negative effects brought about by economic development have already been recognized by
China and many other countries. The 2030 Agenda for Sustainable Development released
and implemented by the United Nations provides clear and specific guidance for countries
around the world in the face of increasingly serious natural resource depletion, ecological
and environmental damage crises and downward pressure on economic growth, thereby
making resource conservation and environmentally friendly economic growth the common
trends of global development. In the face of development difficulties, the Chinese govern-
ment has made continuous efforts, including putting forward a series of ideas and measures
such as “scientific outlook on development”, “building a resource-saving and environment-
friendly society” and “high-quality development”, trying to transform China’s economy
from high-speed growth to a green, low-carbon and circular economic system [8]. At the
same time, many scholars have put forward different views and suggestions on the trans-
formation of China’s economic model. For example, Zhou and others [9] proposed that in
the process of industrial development and transformation, western China should continue
to strengthen the development of environmental protection technologies, while the eastern
region should encourage energy-saving innovative technologies; Hussain [10] and other
scholars believed that the Chinese government should continue to maintain GDP growth to
effectively combat environmental degradation. It is necessary to reconsider policies related
to population development, to reduce the environmental pressure caused by carbon dioxide
emissions and limit China’s ecological footprint. A change in economic model, based on
the pursuit of quality instead of quantity, can help China’s economy adapt to the new
changes of the global social and economic situation, while effectively building harmonious
coexistence between man and nature [4,5,11].To promote the harmonious development of
the economy and the environment, decision-making concepts have successively emerged
including ecological civilization construction, high-quality economic development and new
development patterns, which systematically and scientifically expound the importance and
necessity of coordinated development in society, the economy and the environment [11].
As the core dimension of China’s sustainable social and economic development, high-
quality economic development continues, and has adopted the concept of sustainable
development, replacing traditional development models by optimizing economic structure,
transforming growth drivers and enhancing innovation capacity, etc. [11–13]. High quality
economic development is a process of upgrading from economic development focusing
on “quantity” to “quality”. Its essence is quality and efficiency. Feng [14], Guan [15],
Miao [16], and other scholars have defined high-quality economic development as the
realization of high-quality development at three different levels of industry. The quality
of factor input has gradually become the cornerstone of high-quality development across
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the whole economy, supporting the iterative upgrading of new technologies, processes,
and products. This includes the supply quality not only of environmental resources such
as capital, land, and the environment, but also, for example, within universities in terms
of the supply quality of innovative subjects such as research institutions and enterprises.
However, the high-quality development of industry is mainly realized through industrial
innovation and innovative industry. Industrial innovation is the process of introducing
scientific and technological achievements into traditional industries, and promoting the
transformation and upgrading of traditional industries through efficient technology trans-
fer activities. Innovative industry is the process of incubating new technologies into new
products, enterprises and models, and promoting the emergence of new industries, and
formats. Realizing high-quality regional development is a process of factor endowment
to collaborative innovation through innovative cooperation, industrial integration, and
coordinated development, so that the achievements of high-quality development can be
shared by the people, meet the people’s growing needs for a better life, and realize balanced,
efficient, green and sustainable development across regions. This new model is in essence a
methodology to solve the problem of unbalanced development within the economy, the
environment and access to resources in China [12]. It expands the breadth of solutions
to the problems of resource and environmental sustainability, from the ecological envi-
ronmental domain to areas of human development and social economy [12,13,17]. What
is the current situation of high-quality economic development in China’s regions? What
are its evolutionary characteristics? Which factors play an important role in driving and
influencing that development? Research on these issues will help clarify the arrangement
and understand the pros and cons of high-quality economic development in provinces,
providing important theoretical significance and practical value for the management and
promotion of the sustainable development of China’s social economy.

After the emergence of classical and neoclassical economics, the majority of studies
have analyzed only economic growth itself, from the perspective of a single factor or all
factors, without involving the coordinated development of society, humanity, resources
and the environment [18,19]. Since the 20th century, academics have gradually expanded
the study from economic growth to the co-development of economy and quality, due to
increasingly prominent development contradictions of various kinds. At the same time, as
a developing country, China’s extensive economic growth with worsening side-effects in
recent years has led an increasing number of experts and scholars to focus from multiple
perspectives on how China’s economy should transform from high-speed to high-quality
growth, mainly regarding the significance and evaluation of high-quality economic devel-
opment [19–21]. From the aspects of the significance of high-quality economic development,
Liu [22], Li [23], Zhao [24], Liu [25], and other experts and scholars have analyzed all-factor
productivity, economic growth, the philosophy of dialectical unification, financial asset
allocation and local debt. Cosimo Magazzino [26] probed into the features of China’s
economic growth from the perspective of transportation infrastructure. American scholar
Thomas redefined the meaning of economic quality growth from the perspective of so-
cial capital, natural capital and social welfare [27]. Zhou [9] has discussed the U-shaped
relationship between technological innovation and China’s economic growth. Zeeshan
Khan [28] explored the relationship between natural resource endowment, technological
innovation, human capital and financial development, taking China as an example. Re-
searchers such as Mlachila [29] and Martinez [30], from the point of view of developing
countries, have defined high-quality economic development as high-growth, sustainable
and socially friendly development. From the perspective of the study of evaluation sys-
tems of high-quality economic development, Shi [31] constructed an index system for
assessing China’s provincial economic development according to six aspects: intensity,
stability, rationalization, extroversion, human capital and ecological capital. Hu [32] built
a high-quality economic evaluation model based on the spatial Durbin model, which in-
cluded five dimensions: economic structure, science technology, people’s livelihood, the
environment and opening to the outside world. Song [33] analyzed and compared the gap
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in economic development quality between China and other developed countries according
to three dimensions: competition, people’s livelihood and ecology. Zhan [34], constructed
a comprehensive evaluation system to evaluate and measure the high-quality development
of China’s regional economy, based on the “five development concepts”.

Although the existing literature of high reference value has studied the high-quality
economy from various perspectives, there are some issues that still need to be discussed
in depth.

First, through the exploration and research of different perspectives in “growth and
development”, “economic growth and economic development”, and “quality of economic
growth and economic development”, academic circles at home and abroad have further
deepened understanding such issues as “what development is” and, “how to develop”.
Through a review of relevant literature, this paper summarizes development as the im-
provement of economic structure, quality, efficiency and concept, while maintaining smooth
operation of the economy, so as to achieve the goal of harmony between man and nature,
improve living standards and quality, and accomplish all-round development of man [13].
The concept of high-quality economic development, based especially on “innovation, co-
ordination, greenness, sharing and opening-up”, is the logical route and the only way
to build a comprehensive and sustainable development system in China to maintain co-
ordinated development with the three pillars of society, economy and environment [34].
Applying these five development concepts [35] to evaluate China’s high-quality economic
development will help clarify the “can do” and “what to do” problems in the process of
practical development in the areas of resource utilization, environmental protection and
economic growth, and also the internal interactions between each subsystem. This will
be conducive to national and local governments’ understanding of the level of social and
economic development in various stages and regions. It can provide a certain theoretical
basis and reference value for the planning and design services of relevant public depart-
ments, enabling administrators to better improve the reliability of schemes and maximize
benefits [19,23].

Second, from the perspective of the index weight measurement of high-quality eco-
nomic development, the complexity and diversity of index weight have previously been
ignored or considered with only one calculation method; in this case, the scientificity and
comparability of index weight determination need to be optimized and improved. Eco-
nomic development is a dynamic comprehensive system and closely related to the external
environment [3,13,36]. Although some scholars have studied high-quality economic devel-
opment from various perspectives, the academic circle has not paid enough attention to its
causal relationship with time and corresponding relationship with space. In recent years,
remote sensing and spatial measurement software, such as the GEOGRAPHIC information
system (Arcgis 10.2 ESRI (Environmental Systems Research Institute, Inc.) Redlands, CA,
USA), have been widely used in regional evaluation. These technical tools can exert unique
visual effects on plane base-maps by searching, storing, processing and analyzing geospa-
tial data, and are closely integrated with geographic analysis tools, which has opened up
a new way for people to analyze and address problems [37]. The introduction of these
technologies can provide powerful scientific support for the evaluation of high-quality
economic development and the formulation of management policies.

Finally, the introduction and application of the LSE model can reveal not only the
influencing factors behind regional differences of high-quality economic development and
the reasons for these, but also help to formulate accurately relevant development plans by
recognizing the mutual relationships inside the internal system. It can promote social and
economic development, and the maximum protection and utilization of natural resources,
providing data, analytical tools and new research thinking for relevant institutions and
planners. The model can help find the most effective measures to achieve comprehensive
sustainable development of the population, society, economy, resources and environment
in each region [38,39].
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In summation, based on reference to the evaluation system of high-quality economic
development worldwide, this paper identifies and divides the subsystems of high-quality
economic development [2,34,40,41], selects indicators representing the level of high-quality
economic growth according to the principle of order parameters, and establishes an evalua-
tion index system at the development level. This article comprehensively analyzes temporal
and spatial variation characteristics and influencing factors of China’s high-quality eco-
nomic development during the study period, using AHP, kernel density estimation and
minimum variance, based on data from 30 regions (excluding Hong Kong, Macao, Taiwan,
and Tibet) from 2004 to 2019. The research results are intended to reveal the current situa-
tion and problems facing high-quality development of China’s economy, and provide a
theoretical reference for the formulation of strategies for the sustainable development of
the social economy in different regions.

2. Index System Construction and Data Source
2.1. Construction of Index System of High-Quality Economic Development in China

High-quality economic development is a new policy-oriented development concept
proposed by the ruling party. Analysis under this framework is a conducive means of
extracting problems encountered in its implementation. The framework of high-quality eco-
nomic development can reflect a series of factors, such as development capacity and benefits
to society, the growth capacity of development factors, perfection of the infrastructure, the
soundness of the economic structure, the stability of the economy, technological innovation
and resource carrying capacity. Therefore, such a framework helps to better understand
the operational mechanism of China’s high-quality economic development, as well as
the problems facing China’s macro economy itself [42]. The realization of high-quality
economic development must start at a national strategic level, to establish an evaluation
index system for assessing the quality of economic development in all regions. This way it
can clearly and objectively reflect the real situation of high-quality economic development
between different regions and provinces, to conduct a comparative evaluation and analysis,
so as to effectively guide and promote the whole society. However, the composition of the
elements of this system must provide quantitative information with a reference value, for
the effective realization of high-quality economic development. The fifth Plenary Session
of the 18th Central Committee of the Communist Party of China (hereafter referred to as
CPC), therefore, proposed the high-quality development concept of innovation, coordina-
tion, greenness, sharing and opening-up, which summarizes the law of China’s social and
economic development since the reform and opening-up. It outlines a set of comprehensive
indicators that can be used to evaluate quantitatively to a high standard the transformation
of national or regional economic development. Based on this, through analysis of relevant
documents of the fifth Plenary Session of the 18th CPC Central Committee combined with
relevant research literature, this paper constructs an analysis framework of high-quality
development of China’s economy, integrated with five dimensions [34,40]: innovation,
coordination, greenness, sharing, and opening-up. Several evaluation indicators were set
in each dimension, on this basis, AHP was used for weighting.

2.1.1. Innovation (I)

As a major driver of economic growth, innovation pushes the overall economy towards
higher quality by improving productivity. According to the index selection principle and
the research of Zhan [34], Liu [43] and Wei [44], this paper describes two aspects (Table 1):
first, scientific and technological input, including R&D investment intensity and full-time
equivalent R&D personnel; second, innovation achievements, including technology market
turnover in GDP, the number of patents and the high-tech industry main income growth
rate for the three indicators. Among these, the intensity of R&D investment and the full-
time equivalent R&D personnel comprehensively reflect local government’s emphasis on
science and technology and human resources investment. In particular, full-time equivalent
R&D personnel is an internationally used index to compare science and technology and
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human resources investment. The number of patents, the turnover of the technology market
and the growth rate of high-tech industry main income can comprehensively measure
technological innovation achievements and sustainable innovation ability.

Table 1. Details of the indicators of high-quality economic development in China. (Innovation).

Dimensions Variables References

Innovation

R&D investment intensity (+) (%) [34,43]
Full time equivalent of R&D personnel (+) (PMP) [43,44]
Income growth rate of high-tech industry (+) (%) [34,43,44]

Technology market turnover as a percentage of GDP (+) (%) [34,44]
Number of patents (+) (PCS) [43,44]

2.1.2. Coordination (C)

Coordination (Table 2) reflects the realization of better and more coordinated economic
development, and sustained and sound economic development on the basis of sustained
and stable macroeconomic development. According to the index selection principle and
research needs identified by scholars such as Liu [43], Zhao [45] and Sun [46], this paper
will explain from the following two aspects: First, economic operation is stable, including
the proportion of the primary, secondary and tertiary industries in GDP; Second, the
coordination of the economic structure includes the urban–rural consumption gap, binary
comparison coefficient and urban–rural income ratio. The primary, secondary and tertiary
industries are an important foundation for economic development. Their proportion to
GDP is kept within a “reasonable range”, and they play a key role in the stable operation of
the macro economy. Urban–rural consumption difference, binary comparison coefficient
and urban–rural income ratio directly are the three indicators that reflect the coordination
and quality of the urban rural economic structure.

Table 2. Details of the indicators of high-quality economic development in China. (Coordination).

Dimensions Variables References

Coordination

The proportion of primary industry in GDP (+) (%) [43,45]
The proportion of tertiary industry in GDP (+) (%) [43,45]

Dual contrast coefficient (+) (%) [43,45]
Urban and rural income ratio (−) (%) [43,45,46]

The proportion of secondary industry in GDP (+) (%) [43,45,46]
Urban and rural consumption differences (−) (%) [43,45,46]

2.1.3. Greenness (G)

Greenness (Table 3) means that with a focus on the speed of economic development,
the shift to green production modes should also be emphasized to ensure sustainable
economic development. According to the index selection principle and the research of
Zhan [34], Sun [46] and Tang [47], this paper considers the two aspects of resource uti-
lization and environmental governance. Resource utilization is represented by the com-
prehensive utilization rate of industrial solid waste, GDP per unit area, and clean energy
consumption. Environmental governance is represented by the proportion of harmless
treatment of domestic waste, the ratio of environmental pollution investment to GDP, and
the number of days to achieve optimal air quality. The utilization of resources manifests
the utilization efficiency of resources and the use of clean energy, while environmental
governance shows the improvement of human settlement environments. The above two
aspects can comprehensively reflect the development relationship between resources and
the environment.
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Table 3. Details of the indicators of high-quality economic development in China. (Greenness).

Dimensions Variables References

Greenness

Ratio of investment environmental pollution in GDP (+) (%) [34]
Number of Days with good air quality (+) (Days) [46,47]

GDP per unit area (+) (%) [34,46,47]
Comprehensive utilization of industrial solid waste (+) (%) [34,46,47]

Clean energy usage (+) (Thousands of cubic meters) [46]
Harmless treatment of household garbage (+) (%) [46,47]

2.1.4. Sharing (S)

Sharing (Table 4) means ensuring equal access to public services, improving people’s
lives, and enabling all people to share the benefits of high-quality development. According
to the index selection principle and the research of Sun [17], Wei [44] and Duan [48], this
paper divides sharing into two aspects: public service and development achievements.
Public services include the ratio of urban maintenance to public expenditure, the medical
expenditure ratio, and the number of institutions of higher education. The results of high-
quality economic development are represented by the proportion of pension insurance
participants, Internet coverage, and employment expenditure in public spending.

Table 4. Details of the indicators of high-quality economic development in China. (Sharing).

Dimensions Variables References

Sharing

Ratio of urban maintenance cost to public expenditure (+) (%) [44,48]
Ratio of medical expenditure to public expenditure (+) (%) [17,44]

Number of higher education institutions (+) (PCS) [17,44,48]
Number of people participating in the endowment insurance (+) (MP) [17,44]

Internet coverage (+) (%) [17,44,48]
Ratio of social employment expenditure to public expenditure (+) (%) [17,44,48]

2.1.5. Opening-Up (O)

Opening-up (Table 5) mainly refers to the level and degree of social and economic
development. According to the index selection principle and the research of Sun [17],
Zhou [49] and Ma [50], this paper divides opening-up into two aspects: “bringing in” and
“going out”. Among these, “import” includes the proportion of foreign investment in GDP,
external dependence and foreign exchange income. These three indicators comprehensively
reflect China’s opening-up to the outside world. “Going global” includes the turnover of
Chinese enterprises’ overseas investment and the ratio of the number of Chinese enterprises’
overseas workers to the number of employees. These two indicators manifest the level of
China’s opening-up and its ability to participate in economic globalization.

Table 5. Details of the indicators of high-quality economic development in China. (Opening-up).

Dimensions Variables References

Opening-up

Proportion of foreign investment in GDP (+) (%) [17,49]
Degree of external economic dependence (−) (%) [49,50]

Foreign exchange earnings (+) (Million USD) [17,49]
Foreign investment turnover of Chinese enterprises (+) (THOUS USD) [17,49]
Proportion of Chinese enterprises’ workforce working abroad (+) (%) [49,50]

2.2. Source of Index Data

This paper tooks 30 provinces in Mainland China (excluding Hong Kong, Macao,
Taiwan and Tibet) as the research object, with the period from 2004 to 2019 as the research
interval. The relevant data were from the “China Statistical Yearbook”, “China Environ-
ment Statistical Yearbook”, “China’s Foreign Economic Statistical Yearbook” and further
statistical yearbook data related to the provinces. Missing data were calculated and supple-
mented by the interpolation method. Finally, panel data of 30 provinces for 15 years were
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obtained. Because there were different units in the selected sample data, in order to avoid
deviations in the analysis results caused by inconsistent units, all of the original data were
standardized [5] to eliminate the dimensionality effect.

3. Research Methods
3.1. Weight Method

Due to the different units and importance of various indicators, this study adopted
a combination of subjective and objective methods to assign weights to all indicators, in
which the subjective weight was determined by the analytic hierarchy process (AHP), and
the objective weight was determined by entropy method (EVM). In order to achieve subjec-
tive and objective unification of index weighting, the comprehensive weight organically
combined the two weighting methods [5,38,51], to ensure that the sum of the internal
weights of each dimension is 1. The subjective weight vector of indicators determined by
the AHP process is:

ω = (ω1, ω2, ω3 · · ·ωm)
T (1)

The objective weight vector determined by the EVM is:

µ = (µ1, µ2, µ3 · · · µn)
T (2)

The comprehensive weight of each indicator is:

ω = (ω1, ω2, ω3 · · ·ωn)
T (3)

The standardized decision matrix is:

Z =
(
zij
)

n ×mo (4)

The smaller the deviation of the decision results under the subjective and objective
weights of all scheme indicators, the better.

3.2. The KDE Model

The kernel density estimation (KDE) model estimates the probability density of ran-
dom variables and uses continuous density curves to describe the distribution patterns.
The basic principle of KDE was used in the research of Kuang [52], Hu [53] and Xue [54].
In accordance with its different manifestations, the kernel function can be divided into
Gauss, triangle, and quartic types, etc. The shape of different types of kernel function has
little influence on the accuracy of the estimation result; that is, any of the available kernel
functions can be a valuable tool to study spatial distribution disequilibrium. Based on the
estimation of the probability density of the distribution of the variables, variable informa-
tion including the distribution of position, shape and range of motion, can be described
and reflected by density curves. Additionally, the nuclear density function has stronger
robustness due to its weak dependence on the model. The KDE function is expressed as:

f (x) =
1

nh ∑n
i=1 K

(
xi − x

h

)
(5)

In the above formula, n is the number of observations, xi is the observation value,
x is the mean value, h is the bandwidth, and K(•) is the kernel function. Based on the
high-quality economic development value, and with the help of Eviews 8.0 software (IHS
Global Inc., Irvine, CA, USA), this paper selected the Gauss kernel function, the most
widely used function in the theoretical field, for estimation. The formula is as follows:

K(x) =
1√
2π

exp

(
− x2

2

)
(6)



Sustainability 2022, 14, 6348 9 of 26

Two-dimensional KDE maps of 2004, 2011, and 2019 data were drawn to analyze the
time-series evolution characteristics of China’s high-quality economic development, by
comparing the shape and position of curves in different periods.

3.3. The LSE Model

In the least square error (LSE) method, also known as the Weave composite index, the
variance first increases and then decreases with the growing number of data samples. It can
obtain the minimum number of samples in the variance value, which can reflect the actual
situation of a region. In this study, the LSE model was introduced to conduct a spatial
analysis of drivers of green development. Its formula is as follows:

S2 =
1
n ∑n

i=1

(
Xi −X

)2
(7)

where: S2 represents the variance; Xi represents the sample data; X represents the average
of the samples; n represents the number of samples. A theoretical standard needs to
be established to determine the proportion of the regional dimension score, considered
as the main contributing factor to high-quality economic development. According to
Weave’s methodology, the ideal criterion for a “single-factor contribution zone” is that
only one dimension accounts for the total score, with the other dimensions scoring zero.
The significance of the “two-factor contribution area” is that the scores of two dimensions
each account for 50% of high-quality economic development, while the score of the other
dimensions is 0. Similarly, three dimensions of the “three-factor contribution area” each
account for 33% of the total score for high-quality economic development. By analogy, in
terms of the high-quality economic development evaluation score, its composition does
not conform to any of the above theories, but the real distribution can be compared to
the theoretical distribution. The one with the smallest variance is closest to the theoretical
distribution standard, so the real distribution can be defined as belonging to one of the
theoretical distributions. According to the established standard, the contribution rate of the
dimension of high-quality economic development weighted by region was first calculated
with the contribution rate ranked in order. Then, the variance formula was used to calculate
the variance when the number of main contributing factors was one to five. The dimension
with the smallest value is considered to be the main contributing factor for high-quality
economic development [30].

3.4. Path Analysis

Path analysis is a method of attribution analysis that solves the path coefficient through
multivariate statistical analysis technology, to analyze effectively and quantitatively the
direct and indirect effects of explanatory variables on high-quality economic development.
The path coefficient is a standardized variable, unitary partial regression coefficient [55].
On the basis of multiple regression, the influence of explanatory variables on high-quality
economic development can be determined by the direct diameter coefficient, indirect
diameter coefficient and total diameter coefficient respectively [56]. The specific methods
are as follows:

With independent variables X1, X2, . . . , Xn and the dependent variable Y, the regres-
sion equation can be expressed as:

Y = β0 + β1 × X1 + β2 × X2 + . . .βk × Xk (8)

The least square method is used to solve the regression coefficient and carry out the
quantitative change, and the decomposition equation of the correlation coefficient can
be obtained:

P1Y + γ12 × P2Y + γ13 × P3Y + . . . + γ1k × PkY = γ1Y
γ21 × P1Y + P1Y + γ23 × P3Y + . . . + γ2k × PkY = γ2Y

. . . . . .
γk1 × PkY + γk2 × P2Y + γk3 × P3Y + . . . + PkY = γkY

(9)
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In the above equation, PiY represents the direct path coefficient of the direct influence
of the independent variable Xi on Y; rij is the correlation coefficient of Xi and Xj; γij × PiY
denotes the indirect path coefficient of Xi’s indirect influence on Y through Xj. The sum of
the direct and indirect diameter coefficients of an independent variable on a dependent
variable is exactly equal to its correlation coefficient.

4. Empirical Analysis
4.1. Weighted Score

The EVM (Formula (2)) and AHP (Formula (1), Appendix A) processes were used to
obtain the weight coefficients within and between subsystems, as well as the specific index
system and weight situation (Table 6). The higher the comprehensive weight score of the
index, the more important it is.

Table 6. Index system weight score of high-quality economic development in China.

Dimensions Variables AHP EVM Integrated

Innovation (0.2)

R&D investment intensity 0.240 0.225 0.232
Full time equivalent of R&D personnel 0.177 0.203 0.190

Technology market turnover as a percentage of GDP 0.146 0.161 0.154
Number of patents 0.146 0.164 0.155

Income growth rate of high-tech industry 0.291 0.248 0.270

coordination (0.2)

The proportion of primary industry in GDP 0.172 0.161 0.167
The proportion of secondary industry in GDP 0.108 0.168 0.138

The proportion of tertiary industry in GDP 0.193 0.168 0.181
Urban and rural consumption differences 0.075 0.170 0.122

Dual contrast coefficient 0.279 0.164 0.222
Urban and rural income ratio 0.172 0.168 0.170

Greenness (0.2)

Comprehensive utilization of industrial solid waste 0.123 0.171 0.147
GDP per unit area 0.155 0.113 0.134

Ratio of investment in environmental pollution control in GDP 0.195 0.183 0.189
Number of days with good air quality 0.148 0.193 0.171

Harmless treatment of household garbage 0.085 0.190 0.137
Clean energy usage 0.295 0.149 0.222

Sharing (0.2)

Ratio of urban maintenance cost to public expenditure 0.252 0.168 0.210
Ratio of medical expenditure to public expenditure 0.142 0.171 0.157

Number of higher education institutions 0.146 0.169 0.158
Number of people participating in the endowment insurance 0.065 0.153 0.109

Internet coverage 0.283 0.162 0.222
Ratio of social employment expenditure to public expenditure 0.112 0.176 0.144

Opening-up (0.2)

Proportion of foreign investment in GDP 0.317 0.205 0.261
Degree of external economic dependence 0.263 0.209 0.236

Foreign exchange earnings 0.117 0.185 0.151
Foreign investment turnover of Chinese enterprises 0.198 0.190 0.194

Proportion Chinese enterprises’ workforce working abroad 0.105 0.212 0.159

4.2. Analysis of the Level of High-Quality Economic Development in China

First, the problem of different measurements of all indicators (Table 6) corresponding
to the original data was solved through the data standardization method. Second, the
comprehensive weight of each index was calculated and obtained by the objective and
subjective weight method. By the weighted sum of each index of the evaluation system of
China’s high-quality economic development, the comprehensive evaluation score of each
subsystem of 30 regions in China was obtained. Third, the total score of the high-quality
economic development of 30 regions in China was obtained by weighted summation of the
scores of the internal subsystems. Finally, the evaluation results tend to reflect the actual
situation of high-quality economic scores of China’s regions from 2004 to 2019. Due to
space limitation, only selected years of data are listed (Table 7).
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Table 7. Level score of high-quality economic development from 2004–2019 in China.

Regions
Score

2004 Year 2009 Year 2019 Year Mean of 2004–2019

Beijing 0.312 0.372 0.458 0.411
Tianjin 0.274 0.310 0.355 0.344
Hebei 0.231 0.277 0.359 0.322
Shanxi 0.188 0.238 0.305 0.275

Inner Mongolia 0.208 0.232 0.280 0.268
Liaoning 0.270 0.309 0.364 0.340

Jilin 0.245 0.254 0.292 0.285
Heilongjiang 0.213 0.243 0.310 0.282

Shanghai 0.295 0.379 0.436 0.397
Jiangsu 0.304 0.361 0.494 0.421

Zhejiang 0.262 0.314 0.433 0.364
Anhui 0.213 0.266 0.383 0.318
Fujian 0.265 0.296 0.383 0.338
Jiangxi 0.233 0.271 0.365 0.308

Shandong 0.250 0.318 0.437 0.368
Henan 0.214 0.257 0.376 0.310
Hubei 0.219 0.262 0.364 0.308
Hunan 0.191 0.265 0.334 0.294

Guangdong 0.274 0.341 0.541 0.423
Guangxi 0.207 0.236 0.321 0.276
Hainan 0.251 0.287 0.325 0.296

Chongqing 0.199 0.251 0.347 0.290
Sichuan 0.240 0.281 0.378 0.318
Guizhou 0.168 0.199 0.277 0.229
Yunnan 0.193 0.223 0.308 0.261
Shaanxi 0.207 0.245 0.326 0.283
Gansu 0.176 0.197 0.267 0.227

Qinghai 0.184 0.210 0.267 0.238
Ningxia 0.210 0.219 0.279 0.246
Xinjiang 0.197 0.226 0.277 0.262

The smaller the value of high-quality economic development, the worse the regional
economic condition, while the higher the value, the better the regional economic conditions.
According to the calculation, the values for the 30 regions in China from 2004 to 2019
was between 0.167 and 0.541. Overall, the degree of high-quality economic development
showed an upward trend, and the high-quality economic development of each region
shows fluctuation of ups and downs year by year, with a steady and rising trend. Seen
in Table 7, the higher scoring areas were mainly in the eastern regions. For example, the
average scores of Jiangsu, Guangdong, Beijing and Shanghai were 0.421, 0.423, 0.411 and
0.397, respectively, ranking in the leading positions, which shows that during the study
period these regions maintained high levels of high-quality economic development, with
the economic system in a benign state of development. Most of the regions with low or
lower scores were concentrated in the western region. For example, Sichuan and Ningxia
showed good levels of high-quality economic development during the period 2004–2011,
but their scores dropped sharply after 2011, showing low levels of development. The
scores for Gansu, Ningxia, Qinghai and Guizhou were low in each period, and their overall
economic development level lagged behind that of the eastern region.

In general, the differentiation phenomenon occurs due to the different levels of eco-
nomic development among provincial regions with different geographical advantages. The
economic development level, industrial structure rationalization, coordinated development
of urban and rural areas, level of per capita income and opening-up of the eastern region
were better than those of the western region. This reflects the massive transfer of talent to
the eastern coastal areas, whereas the overall level of western regions’ development was
not optimistic. Regional high-quality economic development has been seriously affected
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by such problems as weak economic foundation, fragile ecological environment and an
imbalance of the industrial structure, with technological innovation lagging behind. Overall
development has been characterized by emerging excessive resource consumption and
waste emissions, serious environmental pollution, etc. Overall, China’s provincial and
regional high-quality economic development is gradually improving, but the speed and
degree of improvement need to be strengthened in the central and western regions.

4.3. Analysis of Kernel Density Evolution of High-Quality Economic Development in China

In this study, the kernel density function was used to analyze the characteristics of
distributed dynamic evolution. According to Formulas (5) and (6), the kernel density
function of high-quality economic development among Chinese provinces was estimated
with the help of Eviews 8.0 software. Figure 1 shows the kernel density function estimation
results for the 30 regions in China in 2004, 2011 and 2019, respectively.
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Figure 1. Kernel density evolution of high-quality economic development of 30 regions in China.

The kernel density distribution of the value of China’s high-quality economic develop-
ment was obtained according to the calculation results, to judge the overall development
trend of the Chinese economic system. The research results are as follows: First, Figure 1
reflects the evolution of the high-quality economic development of 30 major regions in
China during the sample study period. Overall, the initial value on the left side of the kernel
density curve changed slightly and evenly, while the value on the right side moved right
continuously. Economists call this phenomenon an agglomeration effect due to human
capital (network) externality from skilled migration toward a relatively developed region.
The peak value continued to decrease and changed from “peak type” to “wide peak type”,
whilst its range continued to increase. This shows that the overall level of high-quality
economic development within the sample period inspection has been rising, but the gap
between regions has widened. Second, in terms of the evolution process, the kernel density
curve in 2004 was very steep and presented a slight multi-peak distribution. The kernel
density corresponding to the main peak was much higher than other peaks, indicating
that the overall level of high-quality economic development in the regions was low, and a
slight multi-pole differentiation phenomenon was apparent. In 2011, the main peak value
decreased, with eased steepness and a slight peak change, indicating that the regional
high-quality economic development gap widened during this period, but the polarization
phenomenon was alleviated. In 2019, the center of the density function continued to move
to the right, and the wave peak was gentler. The distance of the left tail of the kernel density
curve was smaller than that of the right tail, indicating that over time, the proportion of



Sustainability 2022, 14, 6348 13 of 26

the low-level regions decreased, while that of the high-level regions increased. Third, the
kernel density curve did not show multiple peaks in each year, indicating that there was
no obvious multi-pole differentiation in high-quality economic development during the
study period. Fourth, the shape of the kernel density curve presents a certain right-skewed
distribution, and the area to the right of the main peak is larger, indicating that there are
many areas with higher than average values of high-quality economic development.

4.4. Analysis of Degree of High-Quality Economic Development in China

According to the calculation results for the level of high-quality economic develop-
ment in the 30 provincial-level administrative regions in China, the scores from 2004 to 2019
ranged from 0.167 to 0.540, and the higher the score, the better the level of development. Tak-
ing the scores of each region in 2004, 2011, 2019 and the 15-year average scores in the study
period as indicators, the clustering analysis method was used to classify the high-quality
economic development of each provincial region in China in different years using SPSS13.0
statistical software (SPSS 13.0 IBM (International Business Machines Corporation) Armonk,
NY, USA). Cluster analysis showed that the degree of China’s high-quality economic de-
velopment could be divided into four categories: strong, medium, weak and very weak.
Specifically, the areas with a high level of development in 2004 included Beijing, Shanghai
and Jiangsu; the medium areas comprised nine districts, including Sichuan, Jilin, Zhejiang,
Guangdong, Hainan, etc.; the weak areas covered ten districts, including Heilongjiang,
Inner Mongolia, Ningxia and Guangxi; the very weak areas comprised eight districts
including Xinjiang, Gansu, Qinghai, Yunnan and Guizhou, (Figure 2; 2004). Compared
to 2004, the level of China’s high-quality economic development changed significantly in
2011, with Heilongjiang, Inner Mongolia, Ningxia, Hainan and Guangxi falling to the level
of “very-weak”; Jilin and Fujian fell into the category of less developed regions. Hunan
was upgraded to a less developed region. Guangdong was upgraded from a moderately
developed region to a highly developed region. The degree of development in the other
areas did not change (Figure 2; 2011). Compared to 2011, there were significant changes in
China’s degree of development in 2019. Yunnan, Guangxi, Heilongjiang and Shanxi from
the “very-weak” degree were upgraded to the level of “weak”; Sichuan, Chongqing, Hubei,
Henan, Jiangxi, Anhui and Fujian, which had been less developed regions, were upgraded
to medium developed regions. Zhejiang and Shandong, which had been moderately devel-
oped, were upgraded to highly developed regions. In addition, the degree of development
in Jilin dropped from relatively “weak” to “very-weak” while the rest of the region showed
no change (Figure 2, 2019). In order to observe the changes in the degree of high-quality
economic development in different regions more clearly, this study calculated the average
scores of high-quality economic development in these regions from 2004 to 2019, and the
results once again showed obvious changes compared with the above single years. Among
them, Beijing, Jiangsu, Shanghai and Guangdong were highly developed. The medium
developed areas comprised seven districts such as Liaoning, Shandong, Tianjin, Hebei,
Zhejiang, and Fujian. The weak areas accounted for 12 districts including Heilongjiang,
Jilin, Inner Mongolia, Shanxi, Hubei and Guangxi. The remaining seven areas were all very
underdeveloped (Figure 2; mean of 2004–2019). In general, whether observed from the
year 2004, 2011, or 2019, or from the average value of the 15 years, internal differences of
China’s provincial levels of high-quality economic development were apparent, presenting
a geographic space gathering phenomenon.
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The areas of high and medium levels of high-quality economic development are mainly
located in the east and the eastern coastal areas with obviously better development than
the other areas. With superior geographical positions, developed transportation, a high
level of trade development and relatively good natural resource endowment, each of these
regions has a characteristic mode of economic development. Meanwhile, governments at all
levels in these areas attach great importance to balanced and reasonable development of the
industrial structure, and at the same time invest considerable manpower, material resources
and financial resources in the treatment of environmental pollution caused by economic
development. The underdeveloped or very underdeveloped regions are mainly located
in the center and west of China, and their development can be affected and restricted by
natural resource endowment, traffic occlusion, limited economic development level and
insufficient government financial resources. In general, the evaluation results basically
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reflect the actual situation of high-quality economic development in China’s provinces and
regions [55–57].

4.5. Analysis of the Driving Type of High-Quality Economic Development in China

Based on the calculation process of the LSE method (Formula (7)), this study analyzed
the contribution rate of five dimensions to the high-quality economic development of the
30 regions in China, and calculated the driving types of China’s high-quality economic
development into the three-factor type, four-factor type I, four-factor type II and the five-
factor type (Figure 3).
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Figure 3. Spatial distribution of driving types of high-quality economic development in the 30 regions
in China.

4.5.1. Three-Factor Type (C, S, and G)

The three-factor type (Table 8) includes 20 inter-provincial regions, such as Hebei,
Shanxi, Inner Mongolia, Jilin, Hunan, Gansu and Xinjiang, with coordination, sharing and
greenness as contributing factors. It can be clearly seen from Figure 3 that this type of
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region covers most regions in China, and the level of economic and social development in
these regions is limited.

Table 8. Contribution factor and mean score of “Three-Factor Type” region in China.

Driving Type Region
Mean Score

Factor
C O G I S

Three-Factor
Type

Hebei 0.618 0.064 0.402 0.111 0.415 C-S-G
Shanxi 0.486 0.041 0.387 0.115 0.345 C-G-S

Inner Mongolia 0.527 0.033 0.414 0.085 0.283 C-G-S
Jilin 0.591 0.143 0.279 0.102 0.311 C-S-G

Heilongjiang 0.631 0.058 0.278 0.111 0.331 C-S-G
Anhui 0.605 0.068 0.365 0.151 0.403 C-S-G
Jiangxi 0.651 0.066 0.362 0.113 0.348 C-G-S
Henan 0.580 0.065 0.35 0.128 0.423 C-S-G
Hubei 0.581 0.081 0.31 0.166 0.399 C-S-G
Hunan 0.586 0.054 0.31 0.130 0.395 C-S-G

Guangxi 0.549 0.047 0.365 0.088 0.332 C-G-S
Hainan 0.704 0.120 0.331 0.063 0.260 C-G-S

Chongqing 0.529 0.058 0.360 0.136 0.368 C-S-G
Sichuan 0.598 0.072 0.385 0.157 0.379 C-G-S
Guizhou 0.448 0.018 0.340 0.089 0.253 C-G-S
Yunnan 0.475 0.059 0.360 0.092 0.320 C-G-S
Gansu 0.465 0.023 0.252 0.115 0.282 C-S-G

Qinghai 0.507 0.016 0.338 0.076 0.251 C-G-S
Ningxia 0.504 0.033 0.368 0.082 0.244 C-G-S
Xinjiang 0.579 0.056 0.330 0.086 0.260 C-G-S

Take Hebei Province as an example. During the research period, the proportion
of secondary industry in the GDP of Hebei province decreased from 52% to 45%, and
the proportion of tertiary industry in the GDP increased from 33% to 46%. Through the
changes in these two indicators, it can be seen that the economic development mode of
Hebei Province had transferred from traditional industrial production to the service in-
dustry with high added value. The proportion of tertiary industry in GDP exceeded that
of secondary industry in GDP, indicating that the economic structure of the province is
changing and governments at all levels need to pay close attention to this. In addition, the
Hebei provincial government attaches great importance to environmental protection. For
example, during the study period, the comprehensive utilization of industrial solid waste
increased from 44.67 million tons to 187.41 million tons, and the harmless treatment effi-
ciency of domestic waste rose from 41% to 99%. As these indicators improve, the province
is promoting coordinated development between economic growth and environmental
protection. Another example is Yunnan Province, an economically underdeveloped region
in southwest China. However, during the research period, the urban–rural income ratio
index dropped from 4.5 to 3.1, narrowing the gap and promoting the development of the
economy in a more coordinated direction. In addition, the ratio of urban and rural public
management expenditure to overall public expenditure in Yunnan province increased from
3% in 2004 to 7% in 2013. This shows that governments at all levels have continuously
expanded their investment in urban and rural public management, indicating that the
people are constantly enjoying the dividends brought about by economic development. In
short, for the three-factor regions, all dimensions should be raised for areas of “weak” and
“very-weak” degrees, which is not because these three contribution effects perform better
than in other regions with moderate or strong development, but because the other two
contribution effects (opening-up and innovation) changed little during the study period
and have had little impact on high-quality economic development.
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4.5.2. Four-Factor Types
Four-Factor Type I (C, S, G, and O)

Four-factor type I (Table 9) including moderately developed Liaoning and Fujian, is
dominated by the contribution effects of coordination, sharing, greenness and opening-
up. For example, during the study period, the proportion of secondary industry in the
GDP of Liaoning Province dropped from 48% to 38%, and the proportion of tertiary
industry in GDP increased from 41% to 53%. The focus of economic development was
no longer limited to secondary industry, but gradually moved toward a more balanced
development of the industrial structure, which promoted the efficiency of high-quality
economic development. The urban–rural consumption gap index dropped from 5.35 in
2004 to 3.30 in 2013, indicating that the material living standards gap between urban and
rural areas is narrowing. Meanwhile, the overall economic development level of urban
and rural areas is also improving. The strong performance of Liaoning Province in the
area of coordination reflects the gradual improvement of the proportion of secondary
and tertiary industries in GDP, and the narrowing of the gap between urban and rural
consumption. Additionally, the case of Fujian, whose low natural gas reserves were
negligible but whose usage of natural gas underwent substantial changes in the study
period, from 0.04 to 242,393 m3, illustrates the governmental emphasis on clean energy
use with continuously strengthened environmental protection awareness. In addition, the
number of days with good air quality showed a downward trend (from 358 to 337 days),
and the air quality effect showed a negative driving effect, which hindered the contribution
of the green dimension to high-quality economic development. Generally speaking, the
effects of these four factors make the high-quality economic development of the two
provinces of this type relatively small.

Table 9. Contribution factor and mean score of “Four-Factor Type I” region in China.

Driving Type Region
Mean Score

Factor
C O G I S

Four-Factor Type I Liaoning 0.579 0.176 0.371 0.147 0.424 C-S-G-O
Fujian 0.616 0.203 0.375 0.135 0.358 C-G-S-O

Four-Factor Type II (C, S, G, and I)

Four-factor type II (Table 10) includes only one region, Shaanxi, which is less de-
veloped, and mainly characterized by the contribution effects of coordination, sharing,
greenness and innovation. The urban–rural income ratio index of Shaanxi Province de-
creased from 4.06 to 2.97 during the study period, indicating that the imbalance of regional
economic development is gradually being corrected and the income gap between urban
and rural residents is narrowing. At the same time, the Shaanxi provincial government
have invested a lot of manpower, material resources and financial resources into social
services management. For example, urban and rural public management expenditure as
proportion of fiscal expenditure rose from 4% in 2014 to 10%; as the number of higher
education institutions increased from 57 to 95 during the study period, the number of
people participating in endowment insurance increased 3.62 million to 27.33 million people,
and health spending increased as a share of public spending from 4% to 9%. However, the
most notable data changes in Shaanxi economic development during the study period were
that the secondary industry share of GDP fell from 47% to 46%, and the tertiary industry
share of GDP maintained an upward trend (from 39% to 46%), with basically the same level
of contribution. This indicates that the province’s economic structure is changing and its
transformation and upgrading are at a critical point, when all sectors of society need to pay
attention to ensure that the economy of Shaanxi province continues to develop steadily
towards high quality. In general, for regions with moderate and weak levels of high-quality
economic development, there is still much room for improvement in all aspects, although
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the first four aspects are the major contributors only because of their relative inadequacy,
with the absolute situation of the fifth factor being comparatively better.

Table 10. Contribution factor and mean score of “Four-Factor Type II” region in China.

Driving Type Region
Mean Score

Factor
C O G I S

Four-Factor Type II Shaanxi 0.481 0.060 0.327 0.189 0.356 C-S-G-I

4.5.3. Five-Factor Type (C, O, G, I, and S)

The five-factor type (Table 11) is based on the driving effects of coordination, opening-
up, greenness, innovation, and sharing, on high-quality economic development. The group
comprises Beijing, Jiangsu, Shanghai, Guangdong, Tianjin, Zhejiang, and Shandong, a total
of seven regions. These regions are areas with high levels of economic development and
very good local economic conditions. Taking Beijing as an example, during the study period,
the proportion of the three industries in GDP in Beijing changed significantly (primary
industry decreased from 3% to 0.03%, the secondary sector fell from 36% to 19%, and the
tertiary sector rose from 62% to 81%); Internet penetration rose from 27% in 2004 to 77% in
2013; R&D investment intensity increased from 5.1 to 6.17; the full-time equivalent of R&D
personnel went up from 109,947 to 267,338.4. These data changes prove that as the tertiary
industry has become the leading industry in the economic development of the region,
scientific and technological innovation and the Internet have turned into new regional
growth points and have promoted regional high-quality economic development. Another
example is Shanghai, the core area of China’s economic development and an important
science and technology center as well as a financial center. During the study period, its
GDP ranked among the top, especially in 2018, when it became the first city in China
with an economic scale of CNY3 trillion. Compared with other regions, Shanghai was in a
leading position in the five aspects of high-quality economic development in China, with
no obvious weakness. Jiangsu serves as another example. Located in the eastern coastal
area of China, it is an important part of the Yangtze River Delta, with obvious geographical
advantages, rich land resources and an important strategic position. Since economic reform
and opening-up, the speed and quality of Jiangsu Province’s economic development has
been at the forefront within China. The highlight is its export-oriented economy, with
foreign exchange income and total foreign investment at the top of the list. Its foreign
exchange income increased from USD 1131.87 million to USD 4648.36 million during the
study period, ranking fourth only after Guangdong, Beijing and Shanghai according to
the 15-year average. Although the proportion of total foreign investment in GDP in this
region fell during the study period (from 100% to 79%), its share was still large and ranked
among the top in China. Guangdong Province is located in the southern coastal area of
China, adjacent to Hong Kong and Macao special administrative regions, with a very
advantageous geographical position. It is an economically strong province and occupies a
very large proportion of China’s economic aggregate.

Table 11. Contribution factor and mean score of “Five-Factor Type” regions in China.

Driving Type Region
Mean Score

Factor
C O G I S

Five-Factor Type

Beijing 0.480 0.214 0.479 0.473 0.411 C-G-I-S-O
Tianjin 0.508 0.263 0.362 0.194 0.392 C-S-G-O-I

Shanghai 0.482 0.460 0.430 0.252 0.362 C-O-G-S-I
Jiangsu 0.602 0.304 0.457 0.284 0.458 C-S-G-O-I

Zhejiang 0.630 0.203 0.361 0.239 0.387 C-S-G-I-O
Shandong 0.558 0.188 0.455 0.196 0.443 C-G-S-I-O

Guangdong 0.527 0.451 0.404 0.281 0.451 C-O-S-G-I
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As a pioneer of China’s reform and opening-up, the CPC and the central govern-
ment have provided support and assistance that many inland provinces lacked, enabling
Guangdong to achieve a high level of industrial modernization with a reasonable indus-
trial structure, strong high-tech and financial strength, abundant global talent, developed
education and an excellent transportation system. In particular, the Pearl River Delta urban
agglomeration represented by Guangzhou, Shenzhen, Zhuhai, Dongguan and Foshan has
become the most influential and competitive region in China. In the study period, the
performance of various indicators in Guangdong Province was better than that in the other
regions, and it became the leading region in terms of high-quality economic development in
China. Although the performance of the seven inter-provincial regions in these five aspects
was better than that of the other regions, and no factor was a shortcoming, some aspects
still need to be improved in regions with a moderate development level. For instance,
compared to the other five regions, Shandong and Zhejiang had lower average scores of
0.188 and 0.203 in terms of the opening-up dimension. These two provinces have had tradi-
tional industrial production modes, with a slow product-updating speed and low added
value, resulting in insufficient competitiveness of products in export trade. They share
relatively similar structures of products and trade modes. They need to make structural
adjustments in terms of import and export trade, getting rid of the traditional ways and
increasing the technological content of their products. The average score of Tianjin in the
innovation dimension was only 0.194, which was significantly different from the other
six regions, an indication of the need to strengthen the high-tech industry and the intro-
duction of scientific and technological talents. In particular, the local government should
provide strong support for higher education, talent introduction and the improvement of
enterprise innovation ability, by means of financial resources, material resources, policies
and regulations. In short, for regions of a medium degree of development, with the five
dimensions producing a joint driving force for high-quality economic development, the
indicators in all dimensions need to be improved compared to those in regions with a high
degree of development.

4.6. Regression Analysis

This paper adopted the path analysis method to clarify the main driving factors of the
high-quality economic development index. First, SPSS 22.0 was used to test the normal
distribution of the space—time series data within the high-quality economic development
index. Due to the small number of samples, the results obtained by the Shapiro-Wilktest
were Sig = 0.263 and Sig = 0.123, respectively, both greater than 0.05 and subject to normal
distribution. Therefore, the path analysis method can be applied to study the space–time
influencing factors of the national high-quality economic development index. The results
are shown in Tables 12 and 13.

Table 12. High-quality economic development time normality test.

Kolmogorov-Smirnov (K) a Shapiro-Wilk

Statistics df Significance Statistics df Significance

High-quality economic
development index 0.157 16 0.200 * 0.932 16 0.263

* Lower limit of significance, a Lilliefors Significance correction.

Table 13. High-quality economic development spatial normality test.

Kolmogorov-Smirnov (K) a Shapiro-Wilk

Statistics df Significance Statistics df Significance

High-quality economic
development index 0.114 30 0.200 * 0.945 30 0.123

* Lower limit of significance, a Lilliefors Significance correction.
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By means of stepwise regression in linear regression, some insignificant indepen-
dent variables were removed, and the spatial–temporal influencing factors of the national
economic high-quality development index were determined as follows: Foreign trade
dependence (X1), R&D investment intensity (X2), economic size (X3), urban–rural income
ratio (X4), environmental pollution control investment ratio in GDP (X5), Internet pene-
tration rate (X6), comprehensive utilization of industrial solid waste (X7), and proportion
of secondary industry in GDP (X8). The analysis results of the influencing factors of the
time-change of the national economic high-quality development index from 2004 to 2019
are shown in Table 14.

Table 14. The results of influencing factors of time variation of China high-quality economic develop-
ment index.

Influencing Factors Direct Path Coefficient
Indirect Path Coefficients

Overall Influence Coefficient
X8 X3 X7

X8 0.360 0.455 0.173 0.988
X3 0.482 0.340 0.151 0.973
X7 0.185 0.337 0.392 0.914

It can be seen from Table 3 that the influencing factors of the time-change of the
national economic high-quality development index are X3, X7 and X8, and the absolute
value of the direct path coefficient of each influencing factor is X3, X8 and X7 in descending
order, indicating that the economic scale has the greatest influence on the high-quality
economic development index, and the higher the economic scale, the greater the index. In
terms of the indirect diameter coefficient of each influencing factor, the absolute value of
the indirect diameter coefficient of X8’s influence on the national high-quality economic
development index through X3 is the largest, while the absolute value of the indirect
diameter coefficient of X3’s influence on the index through X8 is the largest. Meanwhile,
the absolute value of the indirect path coefficient of X7’s influence on the index through
X3 is the largest. In terms of the total influence coefficient of each influencing factor, the
variables that have the greatest influence on the time-change of the national high-quality
economic development index are X8, X3 and X7 in descending order.

As the spatial distribution pattern of the national high-quality economic development
index was basically stable in different years, the index of dependent variables and the
mean value of the independent variables from 2004 to 2019 were calculated to analyze
the influencing factors of the spatial distribution of the index. The results are shown in
Table 15.

Table 15. The results of influencing factors of spatial variation of China high-quality economic
development index.

Influencing Factors Direct Path
Coefficient

Indirect Path Coefficients Overall Influence
CoefficientX1 X2 X3 X4 X5 X6 X7

X1 0.180 0.115 0.204 0.123 0.021 0.171 −0.013 0.801
X2 0.387 0.053 0.056 0.065 −0.047 0.023 0.061 0.598
X3 0.389 0.094 0.056 0.104 −0.067 0.142 −0.018 0.700
X4 −0.255 −0.087 −0.098 −0.158 0.034 −0.109 −0.011 −0.684
X5 0.189 0.020 −0.097 −0.137 −0.074 −0.010 −0.039 −0.148
X6 0.204 0.151 0.045 0.271 0.136 −0.010 −0.019 0.778
X7 0.104 −0.023 0.228 −0.066 0.027 0.071 −0.037 0.304

Table 15 shows that the influencing factors of the spatial distribution of the national
high-quality economic development index are X1, X2, X3, X4, X5, X6, and X7. Additionally,
the absolute value of the direct path coefficient of each influencing factor is X3, X2, X4, X6,
X5, X1, and X7 in order from large to small, suggesting that X3 has the greatest influence



Sustainability 2022, 14, 6348 21 of 26

on the index. In addition to the urban–rural income ratio, the remaining influencing
factors have a direct positive impact on the index, indicating that with the advancement
of urbanization, the scale of migrant population continues to expand, resulting in the
income of urban population being greater than that of the rural population, namely the
urban–rural income ratio imbalance, with the index significantly reduced. In terms of the
indirect diameter coefficient of each influencing factor, the absolute value of the indirect
diameter coefficient of X1, X4, X5 and X6 affecting the index through X3 is the largest, and
the absolute value of the indirect diameter coefficient of X2 affecting the index through X4
is the largest. X3 has the largest absolute value of the indirect path coefficient affecting the
index through X6, while X7 has the largest absolute value of the indirect path coefficient
affecting the index through X2. In terms of the total influence coefficient of each influencing
factor, the variables that have greater influence on the spatial distribution of the index are
X1, X6, X3, X4, X2, X7 and X5, in descending order. To sum up, the main reasons affecting
the spatial-temporal changes of national high-quality economic development are as follows:

(1) Economic strength is the direct driving force of high-quality economic develop-
ment. The level of regional high-quality development is directly related to the economic
capabilities of the region. It can be seen from the above analysis that regions with strong
economic force, superior geographical location, abundant resources and information, and
convenient introduction of talents, capital and technology, often score relatively highly in
the comprehensive level of high-quality development.

(2) Green development is the foundation for high-quality economic development.
Green development is a key indicator of regional development. A region with a high
level of green development can provide advantageous basic conditions for the regional
high-quality economy, supporting management of environmental pollution and optimizing
energy efficiency. In addition, the resource environmental bearing capacity of areas with a
good green development foundation also tend to have a congenital advantage in terms of a
relatively high degree of urban greening as well as fine weather, and low environmental
pressures per unit of land area, which tend to exert an evident effect on raising the regional
high-quality economic development level.

(3) Industrial structure is an important support for high-quality economic develop-
ment. Reasonable industrial structure makes a difference in the sustained and healthy
development of a regional economy. A smaller proportion of backward production capacity
and a larger proportion of various new and high-technology industries, energy conserva-
tion and environmental protection industries, and new energy industries, can improve
regional levels of high-quality economic development.

(4) Geographical location is an indirect cause of high-quality economic development.
From the perspective of the above research, an economically active region with superior
geographical position, has obvious advantages compared with other areas in the aspect
of opening-up to the outside. Regions such as Guangdong, Zhejiang, and Shanghai along
the coast have the advantage of ports, and together they constitute an important trade
and logistics center. These regions where the high-quality economic development level is
relatively higher have relatively abundant financial income and make heavier infrastructure
investments in construction and environmental protection.

5. Conclusions and Policy Suggestions
5.1. Discussion

First, on the basis of previous studies, an evaluation index system of China’s high-
quality economic development was constructed by adjusting certain indicators according
to the actual economic situation of China’s provinces and regions. This study measured
and calculated the development level of 30 provinces and regions in China from 2004 to
2019. The results showed scores between 0.167 and 0.540, and the overall level fluctuated
year by year but presented a steady growth trend, indicative of a significant improvement
in China’s high-quality economic development.



Sustainability 2022, 14, 6348 22 of 26

Second, the temporal evolution trend and spatial clustering analysis in this paper re-
vealed that temporal evolution showed a trend of polarizing among provinces and regions.
Although the polarization was alleviated with the passage of time, the development situa-
tion was very severe. The clustering analysis showed a spatial aggregation phenomenon
in that the degree of high-quality economic development in eastern and eastern coastal
regions was obviously better than that in other administrative regions, and the degree
of development could be divided into four categories: strong, medium, weak and very
weak. The evaluation index system and research method used in this paper focused on
comparison of high-quality economic development in different regions, rather than the
absolute value for each region, but they can reflect the general trend and pave the way for
further evaluation of high-quality economic development in individual regions.

Third, the LSE method was adopted to calculate and analyze the contribution rate
of five factors, namely innovation, coordination, greenness, sharing and opening-up, in
the high-quality development of the provincial economy. The results are divided into
four contribution types: three-factors type, four-factors type I, four-factors type II, and
five factors type. The purpose of this was to reveal the contribution factors and spatial
distribution laws of different contribution types, and to provide necessary theoretical
reference for relevant departments to implement high-quality economic development in
accordance with local conditions.

5.2. Policy Suggestions

Overall, with the existence of apparent regional discrepancy, the overall level of
high-quality economic development was relatively low in the 30 provinces. Problems en-
countered in the central and western regions include an unreasonable industrial structure,
a low level of social and economic development, inefficient management of high-quality
economic development by governments, insufficient capital investment, and weak aware-
ness of high-quality development among residents. In the future, the Chinese government
should take the “five development concepts” as the basis to promote effectively the im-
plementation of innovation-driven strategy, and release the dividend of technological
innovation, so as to provide strong support for China’s long-term economic growth.

(1) Green development will continue to be pursued, to make the economy greener,
promote green production methods, fuel the upgrading of green industries, and form new
economic growth points. Governments should legislate to give priority to ecology and
focus on commerce and trade circulation, e-commerce and other modern service industries,
vigorously expanding the development space for green industry. Governments need to
facilitate to the greatest possible degree the introduction of foreign capital and technology,
to cultivate more brands of green products increasing their green value, to eliminate trade
barriers, and to promote regional green trade.

(2) Provinces and regions with high levels of development should devote great efforts
to optimizing their industrial structures, increasing investment in scientific and technologi-
cal innovation and continuously raising awareness of high-quality economic development
within government at all levels. It is of necessity to constantly increase financial support
for environmental protection and investment in environmental pollution control, and to
improve the mechanism for managing the coordinated development of the ecological envi-
ronment and the economy. Moreover, there is an urgent need to transform and upgrade the
traditional manufacturing industry by taking advantage of location, talent introduction and
high-tech industry development. In the meantime, economically developed areas should
play a distributive role in integrating superior resources and driving the development of
less advanced areas.

(3) Moderately developed areas need to improve the ecological environment as well
as the quality of life of their residents. They must rationally plan and use water, land and
other natural resources, and enhance the level of agricultural and industrial moderniza-
tion. Underdeveloped regions should improve the product structure of their primary and
secondary industries and enhance the competitiveness of these sectors. Enterprises in the
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primary and secondary industries should actively implement the development mode of
high production capacity and low consumption. The government should play a leading
role, especially in the aspect of policy and funding support for expanding capital invest-
ment and infrastructure construction, increasing the all-resident per capita income and
narrowing the proportional gap between urban and rural income.

6. Conclusions

In this paper, we conducted a preliminary study of the evaluation methods of high-
quality economic development in 30 regions of China. There are several issues for further
research. First, the conclusions of this paper are based on provincial panel data from 2004
to 2019. With panel data of urban or rural areas using a longer time-period, the internal
differences and evolution trends of regional levels of high-quality economic development
can be further and more comprehensively analyzed. Second, in the future, it will be
necessary to use other indicators, evaluation criteria and methods to test the robustness and
reliability of existing analytical methods. Finally, the LSE method is “data-driven” in nature,
mainly due to the lack of a data statistics description in the theory of model interpretation.
Considering the spatial impact, exploratory spatial data analysis (ESDA)-identifying spatial
data analysis methods can further explain regional differences in levels of high-quality
economic development.
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Appendix A

The important aspects of AHP weight of each index in this study include experienced
judgment and expert consultation. In the evaluation of AHP, Tables A1–A5 shows the com-
parison matrix of regions with similar weights of each index. Experts’ personal information
is confidential.

Table A1. Pairwise comparison matrix of Innovation.

I1 I2 I3 I4 I5 Weight

I1 1 3 1/2 2 1 0.239
I2 1 1 1 2 0.177
I3 1 2 2 0.291
I4 1 1 0.146
I5 1 0.146



Sustainability 2022, 14, 6348 24 of 26

Table A2. Pairwise comparison matrix of Coordination.

C1 C2 C3 C4 C5 C6 Weight

C1 1 1 2 3 2 3 0.279
C2 1 1 1 2 2 0.194
C3 1 1 2 2 0.172
C4 1 2 3 0.172
C5 1 2 0.109
C6 1 0.075

Table A3. Pairwise comparison matrix of Greenness.

G1 G2 G3 G4 G5 G6 Weight

G1 1 2 1 2 1/3 3 0.195
G2 1 1 1 1/2 3 0.148
G3 1 1 1/2 1 0.155
G4 1 1/2 1 0.123
G5 1 2 0.295
G6 1 0.085

Table A4. Pairwise comparison matrix of Sharing.

S1 S2 S3 S4 S5 S6 Weight

S1 1 2 2 3 1/2 4 0.253
S2 1 2 1/2 1/2 3 0.142
S3 1 1/2 1/2 3 0.113
S4 1 1/3 2 0.146
S5 1 2 0.283
S6 1 0.065

Table A5. Pairwise comparison matrix of Opening-up.

O1 O2 O3 O4 O5 Weight

O1 1 2 2 2 2 0.318
O2 1 2 3 2 0.261
O3 1 3 2 0.198
O4 1 2 0.117
O5 1 0.105
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