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Abstract: The spatial correlation of high-quality development has emerged as a crucial approach to
tackling economic polarization. This study assesses the level of high-quality development in China
from 2006 to 2020, utilizing the new development concept. Social network analysis is employed to
explore the spatial correlation mechanism of high-quality development. The quadratic assignment
procedure (QAP) is used to analyze the driving factors that impact spatial correlation systems from
both internal and external perspectives. The research indicates that China’s level of high-quality
development has consistently improved between 2006 and 2020. The spatial correlation network has
increasingly become more connected, while the eastern provinces, specifically Shanghai and Beijing,
have a significant influence in the spatial correlation of high-quality development. However, the cen-
tral and western provinces, such as Xinjiang and Inner Mongolia, occupy peripheral positions in this
network. Furthermore, clear spatial correlation and spillover effects are apparent among the dimen-
sions. From an internal standpoint, innovation, greenness, openness, and sharing are the key factors
that contribute to establishing a high-quality development network. In addition, external elements
such as financial development, social consumption, and convenient transportation are interconnected
in space, which promote the creation of a high-quality development network. Local protectionism
and population concentration impede the establishment of a high-quality development network.

Keywords: high-quality development; social network analysis; spatial correlation; QAP

1. Introduction

Currently, the Chinese economy has shifted from a phase of high-speed growth to
one that prioritizes high-quality development. This stage necessitates coordinated and
integrated development across all sectors, as well as introducing new requirements for
the spatial structure of economic development. The objective is to establish a high-quality
spatial linkage system that takes advantage of complementary strengths and coordination.
In other words, China’s economic development is transitioning from a previous “point”
development approach to a “plane” development mode concentrated on coordinated
regional development. The interconnections between elements promote the growth of
other components, as well as coordinated and integrated system development. Guiding the
coordinated regional development of the country with a focus on high-quality development
holds significant significance [1,2]. This paper aims to answer the following questions in the
given context: What is the current state of high-quality development in China? What are
the structural features of spatial correlation networks in high-quality development? What
are the driving mechanisms behind spatial correlation in the high-quality development
system? Investigating these queries holds great practical significance in promoting China’s
high-quality development.

Sustainability 2023, 15, 15738. https://doi.org/10.3390/su152215738 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su152215738
https://doi.org/10.3390/su152215738
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su152215738
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su152215738?type=check_update&version=1


Sustainability 2023, 15, 15738 2 of 22

Currently, high-quality development has become a topic of great interest in academic
circles. Economically speaking, it is a complex system that requires accurate measurement,
which is of utmost importance [3]. According to Martinez and Mlachila, high-quality
development entails meeting social expectations in a manner that is strong, stable, and
sustainable [4]. Additionally, Mlachila et al. proposed that the objective of high-quality
development is to achieve socially friendly and sustainable growth, while ensuring sig-
nificant progress [5]. Nevertheless, there has been a lack of consensus on how to measure
high-quality development. Some scholars have created an indicator system based on
the connotation of analyzing the quality of growth of developing countries [5]. Others,
meanwhile, have established a high-quality development index system which incorporates
five aspects: innovation, coordination, greenness, openness, and sharing [3,6,7]. More-
over, certain academics have contended that enhancing development efficacy is connected
to high-quality development, and have utilized total factor productivity for empirical
investigation [8,9].

A significant amount of research in economic development revolves around spatial
correlation patterns. Some scholars have analyzed spatial correlation features, such as the
construction of a spatial correlation network based on GDP by Hu et al., to verify the laws
of economic development [10]. Others have investigated the laws of spatial correlation
in technological innovation. Tian and Wang identified a clear spatial correlation network
for innovation spillover [11]. As time has progressed, the spatial effects of innovation
spillover have expanded, but significant differences in correlation between regions have
remained [12]. Concerning green development, Peng et al. discovered a noteworthy spatial
correlation in ecological energy efficiency [13]. Dong and Li noted the robustness of the
hierarchical structure of spatial correlation network density for carbon emissions within
Chinese urban agglomerations. In particular, the Yangtze River Delta and Pearl River
Delta occupy central positions in the spatial correlation network [14]. Scholars have also
researched the high-quality development of the marine economy, highlighting the low
coordination and high aggregation characteristics of the spatial correlation network [15].

Researchers have conducted an empirical examination of the external forces causing
spatial correlation networks. Yu et al. discovered that disparities in industrial composition,
foreign trade accessibility, healthcare quality, and labor market aspects have a noteworthy
impact on the spatial correlation network of economic growth using the QAP regression
method [16]. Zhuang et al. found that the development of a spatial correlation network
for green innovation efficiency (GIE) is influenced by several key factors, including spatial
correlations, infrastructure, urbanization, and economic development levels. However, the
implementation of environmental regulations has an inhibiting effect on the formation of
this network [17]. Feng et al. underscored that determining the spatial correlation of green
development in the Guangdong–Hong Kong–Macao Greater Bay Area is contingent upon
specific factors such as economic expansion, urbanization, environmental and resource
levels, and proximity to industrial centers [18]. Some scholars have also investigated the
factors affecting urban correlation networks and discovered that administrative hierarchy
and proximity between economic systems have a favorable effect on such networks. While
disparities in technological input, economic development, and industrial structure hinder
the establishment of urban correlation networks [19,20].

Previous research has made noteworthy contributions to the theoretical and empirical
analysis of high-quality development and its spatial correlation networks. However, there
remain areas that require further exploration. The existing literature primarily concentrates
on the definition and measurement of high-quality development. However, research on its
spatial correlation networks is limited. Secondly, there is extensive analysis concerning spa-
tial correlation networks regarding economic growth, green development, and other topics.
However, these investigations tend to focus on external factors such as urbanization and
industrial structure when examining the impact on spatial correlation networks, frequently
disregarding the effects of internal factors within the system.
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This paper primarily contributes in the following ways: First, we delineate the for-
mation mechanisms underpinning the spatial correlations associated with high-quality
development. By integrating spatial network analyses into our examination, we provide
a comprehensive assessment of the structural features inherent in the spatial correlation
network of China’s high-quality development. Additionally, we delve deep into spatial
clustering attributes across various regions, thereby enriching the extant body of literature
on high-quality development. Second, drawing upon the five key dimensions of high-
quality development, we conduct an exhaustive exploration into how spatial correlations of
intrinsic factors—namely innovation, coordination, environmental sustainability, openness,
and sharing—influence the nexus of high-quality development. Concurrently, we scrutinize
how spatial correlations of extrinsic factors, which encompass financial evolution, societal
consumption patterns, transportation accessibility, regional protectionism, and population
concentration, exert their impacts on the high-quality development network. Through
examining these intrinsic and extrinsic lenses, our study sheds crucial light on the drivers
shaping the spatial correlation network of high-quality development, thereby enhancing
our holistic grasp of its formation mechanisms.

The remaining sections of this paper are structured as follows. Section 2 is an introduc-
tion to the methods and data sources. Section 3 establishes an index system and measures
China’s high-quality development level. Section 4 describes the spatial correlation network
of high-quality development. Section 5 analyzes the driving factors of the spatial correlation
network. Section 6 presents the conclusion and suggestions.

2. Study Methods and Data Sources
2.1. Entropy Weight Method

The study utilizes the entropy weight method to assess China’s high-quality develop-
ment levels from 2006 to 2020. The entropy weight approach presents various benefits in
comparison to other measurement methods, such as objectivity and rationality. It enhances
the accuracy and practical significance of the measurement results by avoiding subjective
bias [21,22].

The calculation steps are as follows:
Step 1. The range method was employed to standardize the initial data, removing the

dimensional connections between indicators and improving their comparability.

zij =


xij−min(xij)

max(xij)−min(xij)
, xij is positive inddicator

max(xij)−xij

max(xij)−min(xij)
, xij is negtive inddicator

(1)

where, i represents the province, j represents the indicator, xij denotes the raw value of each
second-level index in the index system, and zij represents its normalized value.

Step 2. Calculating information entropy.

Ej =
1

ln n

n

∑
i=1

Mij ln Mij, Mij = zij/
n

∑
i=1

zij (2)

where, n represents the total number of provinces surveyed.
Step 3. Calculating the weight of indicators.

Wj =
(
1− Ej

)
/

m

∑
j=1

(
1− Ej

)
(3)

Step 4. Calculating the final result based on the weight.
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2.2. Modified Gravity Model

The spatial correlation network for high-quality development comprises a set of inter-
regional connections that primarily depict inter-provincial spatial correlation. Existing
studies typically apply the gravitational model in determining spatial correlation [19,23].
Therefore, considering economic, geographical, and target indicators [24,25], this paper
employs a modified gravitational model to establish the spatial correlation relationship of
high-quality development.

The specific model is:

Gij = kij

√
HQDiPi

√
HQDjPj

D2
ij

, kij =
HQDi

HQDi + HQDj
(4)

where, Gij denotes the attraction of province i to province j. HQDi and HQDj correspond
to the high-quality development index of province I and province j, respectively. Pi and
Pj represent the year-end permanent population of province i and province j, respectively.
Dij = dij/(gi − gj) denotes the economic and geographical separation between province i and
province j, where dij measures the spherical distance between them, and gi and gj denote
the per capita GDP level of provinces i and j, respectively Additionally, kij indicates the
provinces’ contribution to the quality development link between provinces i and j.

This paper calculates the gravity matrix of high-quality development among provinces
using Equation (4). The threshold value is established as the mean value of the row in
the gravity matrix. A value of 1 is assigned to gravity values surpassing the threshold,
indicating strong spatial correlation between provinces. Alternatively, if the gravity value
falls below the set threshold value, it is assigned a score of 0, indicating a feeble spatial
correlation between the two provinces. By implementing this approach, a spatial correlation
network is created to promote the advancement of high-quality development.

2.3. Social Network Analysis

The emergence of globalization implies that the achievement of high-quality develop-
ment entails not solely a change in the development approach, but also the establishment
of a consistent spatial correlation system [26,27]. A social network constitutes individuals
and their interconnections. Social network analysis (SNA) can be employed to study the
structure of relationships among regions and illustrate the connections among individuals
in spatial networks [28–30]. This study utilizes the SNA method to investigate the structural
characteristics of the spatial correlation network for high-quality development, with a focus
on two aspects:

(1) Overall Network Structure Characteristics: The overall network structure can be
evaluated using network density, network hierarchy, and network efficiency [31,32].
Network density measures the density of the spatial correlation networks of high-
quality development. The higher the density, the greater the degree of correlation,
implying stronger spatial correlation. Network hierarchy reflects the hierarchical
structure of the spatial correlation network of high-quality development, with a
higher hierarchy indicating greater interprovincial asymmetric accessibility. Network
efficiency, on the other hand, characterizes the efficiency of connections between
provinces in the spatial correlation network of high-quality development. A low
network efficiency indicates a more stable network. The specific models are as follows:
Network density:

ND = L/[N(N − 1)] (5)

where, L is the actual association tree in a high-quality development spatial correlation
network, and N is the number of nodes in the network. In this paper, N = 30. Network
hierarchy:

NH = 1− U/max(U) (6)
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where, U represents the logarithm of the symmetric reachable point number in the
spatial correlation network of high-quality development, and max(U) is the maximum
logarithm of symmetrically reachable points. Network efficiency:

NE = 1− K/max(K) (7)

where, K represents the number of redundant connections in the spatial correlation net-
work of high-quality development, and max(K) is the maximum value of redundant
connections.

(2) Individual Network Structure Characteristics: Degree centrality, betweenness central-
ity, and closeness centrality are utilized to capture the characteristics of the individual
network structure [33,34]. Degree centrality measures the extent to which a province
occupies a central position in the spatial correlation network of high-quality devel-
opment. A higher degree of centrality indicates a more central role for the province
within the network. Betweenness centrality captures the importance of the province
as a “bridge” within the spatial correlation network of high-quality development.
A higher betweenness centrality indicates a more significant role in facilitating con-
nections between other provinces. Closeness centrality reflects the extent to which
a province’s correlation relationships are not dependent on other provinces in the
spatial correlation network of high-quality development. A higher closeness centrality
value indicates that the province occupies a central actor position within the network.
The specific models are as follows: Degree centrality:

DCi = ni/(N − 1) (8)

where, ni represents the number of regions directly connected to area i in the spatial
correlation network of high-quality development. Betweenness centrality:

BCi =
2∑N

j ∑N
k bjk(i)

N2 − 3N + 2
, bjk(i) = gjk(i)/gjk (9)

where, gik represents the number of connections between region j and region k, and
gik(i) represents the number of connections between region j and k through region
i. Therefore, bik(i) represents the possibility that region i is located at the connection
between region j and region k. Closeness centrality:

CCi = ∑N
j=1 dij (10)

where, dig represents the sum of all connections from region i to region j.

2.4. Spatial Agglomeration Analysis

The block model is a key technique for spatial cluster analysis in social network
analysis, which provides a new perspective from which to analyze the role of each location
(plate) within the spatial correlation system. In this study, the plates in the spatial correlation
network of high-quality development are classified into four categories: First, the net
spillover plate refers to members that offer far greater spillover effects to other plate
members than to their own internal members and receive fewer external relations. Such
members receive more external relations from other plate members than they spill over to
other plates, with more intra-plate relations. The broker plate, on the other hand, sends
and receives external relations and has fewer internal relations, and plays a bridging role in
spatial spillovers. The fourth category is the bidirectional overflow plate, which has more
spillovers to the plate and to other plate members but receives fewer spillover effects from
other plates.
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2.5. QAP Regression Analysis

The multidimensional proximity between provinces plays a crucial role in facilitating
the flow of factors and forming a multidimensional cross-regional network, which ulti-
mately influences the interactions of high-quality development. In order to investigate the
driving factors behind the spatial correlation of high-quality development, this study em-
ploys the quadratic assignment problem (QAP) regression analysis method. This approach
allows for the exploration and analysis of the driving factors of the spatial correlation of
high-quality development from both internal and external perspectives. Compared to other
methods, the QAP regression method treats matrices as an explanatory variable, effectively
addressing the problems of “multi-collinearity” between variables and providing more
robust conclusions [32,35,36].

The QAP regression model is shown as follows:

Y = f (x1, x2, x3, x4, x5) (11)

where, Y is the spatial correlation network matrix of high-quality development, and xi is
the spatial association network matrix of the driving factors.

2.6. Data Sources

This study uses a network of 30 provinces in China (excluding Tibet and Hong Kong,
Macao, and Taiwan) as network nodes. The study period ranges from 2006 to 2020. The
index data and related variables utilized in this study are mainly obtained from sources such
as “China Statistical Yearbook”, the “China Science and Technology Statistical Yearbook”,
the “China Labour Statistics Yearbook” and provincial statistical yearbooks. spherical
distance calculations between provinces are calculated using ArcGIS 10.2.

3. Measurement of the Level of High-Quality Development
3.1. Construction of the Index System

High-quality development is a multifaceted system which priorities innovation as
the primary driving force. It promotes green development, enhances openness, and con-
tinuously improves the quality of people’s lives while achieving coordinated growth.
Integrating multiple types of indicators into a unified system for evaluation and analysis
is necessary for a comprehensive high-quality development indicator system. To attain
this objectivity, it is necessary to adopt principles such as objectivity, clarity, and logical
progression. In this study, a system for evaluating high-quality development is established,
which is based on the five dimensions: innovation, coordination, greenness, openness, and
sharing. The entropy weight method is utilized to enhance the system, which accurately
indicates the all-round standard of high-quality development in China [37–39], as shown
in Table 1.

Table 1. High-quality development evaluation system.

Dimension First Level Second Level Indicators

Innovation

Innovation
input

R&D personnel input level (+) R&D personnel FTE per
year-end resident population

R&D funding intensity (+) R&D expenditure as a
percentage of GDP

Innovation
output

Invention patents (+) Granted invention patents per
year-end resident population

Technology market
transaction volume (+)

Technology market turnover
as a percentage of GDP
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Table 1. Cont.

Dimension First Level Second Level Indicators

Innovation
environment

Technological funding (+)

S and T expenditure as a
percentage of

local general public budget
expenditure

High-tech industry (+)

The proportion of high-tech
industry enterprises in a

region to the overall number
of such enterprises

nationwide

Coordination

Industrial
structure

Industrial structure
rationalization (+)

Index of industrial structure
rationalization

Industrial structure upgrading
(+)

Index of industrial structure
upgrading

Regional
structure

Urban-rural coordination (+) Rate of urbanization

Inter-provincial
coordination (+)

Per capita GDP of a region as
a percentage of the national

per capita GDP

Economic
structure

Stable employment (−) Registered urban
unemployment rate

Economic fluctuations (−) Economic volatility

Greenness

Utilization of
resources

Electricity consumption (−) Electricity consumption as a
percentage of GDP

Water consumption (−) Total water consumption as a
percentage of GDP

Energy consumption (−) Total energy consumption as a
percentage of GDP

Environmental governance

Domestic waste disposal (+) Rate of harmless treatment of
domestic waste

Sewage treatment (+) Rate of sewage treatment

Waste utilization (+) Overall utilization rate of
general industrial solid waste

Openness

Internal
Openness

Labor mobility (+) Interregional labor mobility 1

Division of labor in a region
(+)

Interregional division of
labor 2

Passenger density (+) Passenger turnover per unit
length of transportation routes

Freight density (+) Freight turnover per unit
length of transportation routes

External Openness

Foreign trade dependence (+)
Total import and export
volume as a percentage

of GDP

Foreign investment
dependence (+)

Total foreign investment as a
percentage of GDP

International tourism (+) Per capita international
tourism revenue
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Table 1. Cont.

Dimension First Level Second Level Indicators

Sharing

Quality of life

Living standards (+) GDP per capita

Transportation (+) Number of public transport
vehicles per 10,000 people

Healthcare (+) Number of doctors per
10,000 people

Green spaces (+) Green park space per capita

Education (+)
Number of compulsory
education teachers per

10,000 people

Cultural engagement (+) Public library collections
per capita

Social Security

Basic endowment
insurance (+)

Coverage rate of basic
endowment insurance

Unemployment insurance (+) Coverage rate of
unemployment insurance

Basic medical insurance (+) Coverage rate of basic
medical insurance

1 Interregional labor mobility: ((end-of-year resident population—end-of-previous-year resident population)/end-
of-previous-year resident population)—population natural growth rate of the current year. 2 Interregional division
of labor: (regional value added of secondary and tertiary industries/national value added of secondary and
tertiary industries)/(regional GDP/national GDP).

1© Innovation. The conventional development model, which relied on investment and
demographic dividends, falls short of China’s demands for high-quality development. In-
novation has taken over as the leading propellant. This study evaluates innovation through
three aspects: innovation input, innovation output, and the innovation environment. Firstly,
technical investment enhances technical competitiveness and advances the adoption of
an innovation-driven development model. Therefore, “R&D personnel intensity” and
“R&D funding intensity” are chosen to represent the level of innovation input. Secondly,
invention patent numbers and transaction amounts within the technology market show
how innovative elements apply to high-quality development. Thus, this paper presents
an objective assessment of the level of innovation output in terms of “invention patents”
and “technology market transaction volume”. Lastly, A favorable innovation setting is
essential for realizing the utmost potential of innovative features. Therefore, the regional
innovation environment is examined in light of the perspectives of “technological funding”
and “high-tech industry” [40].

2© Coordination. Coordination serves as both a means and a goal of development,
encompassing the unity of balanced and unbalanced development. To achieve high-quality
development, it is essential to coordinate the development of the industrial structure,
regional structure, and economic structure. Firstly, the optimization of the industrial
structure is evaluated by “industrial structure rationalization” and “industrial structure
upgrading”. Secondly, coordination necessitates overall equilibrium and the attainment
of balanced regional development. “Urban-rural coordination” and “inter-provincial
coordination” have been selected to measure the coordination of the regional structure.
Lastly, high-quality development aims to prevent significant economic fluctuations and
keep unemployment rates within an acceptable range. Thus, to gauge the coherence of the
economic structure, the indicators of “stable employment” and “economic fluctuations”
have been selected [41].

3© Greenness. High-quality development necessitates achieving green development
alongside economic growth. This report evaluates the extent of green development based
on two aspects: resource utilization and environmental governance. Resource utilization is
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calculated by tracking “electricity consumption”, “water consumption” and “energy con-
sumption”, which denote the levels of energy and resource consumption during economic
development. Conversely, the existing state of environmental governance is evidenced by
measures such as “domestic waste disposal”, “sewage treatment”, and “waste utilization”.
This illustrates not only an increase in efficiency regarding resource utilization but also
highlights the necessity of improving people’s quality of life.

4© Openness. Achieving high-quality development necessitates not only enhancing
external openness but also hastening the exchange of factors, goods, and services between
different regions. This article assesses the level of openness based on two aspects: internal
and external. Internal openness predominantly covers trade, labor, capital, technology,
information, and other related aspects. The degree of internal openness can be gauged
by factors such as “labor mobility”, “division of labor in a region”, “passenger density”
and “freight density”. External openness can be assessed through two dimensions: the
environment and effectiveness of openness. Indicators such as “foreign trade dependence”,
“foreign investment dependence” and “international tourism” can be used to measure these
dimensions [42].

5© Sharing. High-quality development is indicative of a high standard of living
for citizens. This article gauges inclusivity by measuring social welfare and quality of
life. Six indicators that measure residents’ quality of life, including “living standards”,
“transportation”, “healthcare”, “green spaces”, “education”, and “cultural engagement.”
These provide insight into the people’s level of satisfaction and success pertaining to
economic development. Additionally, the establishment of a social security system serves as
a means of income redistribution and hence leads to inclusive development as a direct result.
To illustrate, the social security system is represented by “basic endowment insurance”,
“unemployment insurance”, and “basic medical insurance” [43].

3.2. Level Measure

Figure 1 presents the mean values for high-quality development across China during
the period spanning from 2006 to 2020. The survey period indicated that China’s high-
quality development upheld a constant upward progression with a negligible dip observed
exclusively in 2020. The yearly average growth rate was 1.33%. In 2020, due to the
impact of the COVID-19 pandemic and the control measures correlated to it, the Chinese
economy had to face significant difficulties regarding coordinated regional growth and
international accessibility. The per capita consumer expenditure of consumers displayed a
minor decrease from CNY 27,504 in 2019 to CNY 27,439 in 2020, indicating a slight setback
in the aspect of high-quality development.
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To further examine the regional distribution of high-quality development, this study
utilized ArcGIS 10.8 software to create regional maps of high-quality development in China
for the years 2006 and 2020. The results are depicted in Figure 2.
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The data presented in Figure 2 indicate that there was an overarching increase in
China’s provincial levels of high-quality development during the period under survey,
in line with the previously reported findings. More specifically, China’s high-quality
development displayed a gradual decline from east to west, with eastern coastal provinces
exhibiting higher levels than provinces located inland to the west. Provinces including
Beijing, Tianjin, Shanghai, Zhejiang, and Guangdong demonstrate comparatively higher
levels of high-quality progression, whereas those in the west, such as Xinjiang, Qinghai,
and Ningxia, exhibit comparably lower levels.

In contrast, the west of the country displayed the highest growth rate for high-quality
development, which was lower in the east. As a result, the regional gap between areas
of high-quality development in China decreased. The central and western regions, such
as Guizhou, Gansu, Yunnan, Jiangxi, and Ningxia, experienced swift high-quality de-
velopment growth at an average annual rate exceeding 2.5%. In contrast, the cities of
Beijing, Shanghai, and Tianjin, in the eastern region exhibited a slower pace of high-quality
development, registering an average annual growth rate of less than 0.1%.

Since the introduction of China’s reform and opening up policy, the country has
pursued an unbalanced regional development strategy, initially focusing on a develop-
ment pattern that gradually decreases from east to west. To address this imbalance, major
strategies such as “Western Development” and “Rise of Central China” were implemented,
resulting in accelerated economic growth in the central and western regions and a si-
multaneous reduction in the regional gap. However, despite these efforts, a significant
gap still exists between the central and western regions and the east in terms of inno-
vation, greenness, and openness. This contributes to a diminished level of high-quality
development.

Figure 3 illustrates the national averages for each dimension of high-quality devel-
opment from 2006 to 2020. It is evident from the comparison of sub-dimensions that all
dimensions, barring the openness index, have experienced a fluctuating but upward trend.
Of these, the innovation dimension displayed the greatest average annual growth rate
at 3.74%, while the openness dimension exhibited the lowest annual growth rate. The
COVID-19 pandemic has caused a significant decline in factor flows, leading to changes in
import and export trends. This has consequently hindered the progression of high-quality
opening up.
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4. Spatial Correlation Network
4.1. Formation Mechanism of Spatial Correlation for High-Quality Development

Since the implementation of the reform and opening-up policy, market mechanisms
have increasingly influenced the economic structure of China’s regions. Factors such as
production and products now experience free movement across different regions and
various industries due to market forces, surpassing regional transactions. Interactions
among provinces have become a significant factor in driving economic development. With
the implementation of the regional coordinated development strategy for the regions and
the formulation of plans for urban agglomerations, the association and interaction between
different provinces and cities in China have progressively strengthened. The regional spatial
linkage of economies displays complex network structures that are marked by threads and
multiple centers [10,16]. Currently, promoting high-quality development necessitates a
shift in development patterns and adherence to new development concepts. Specifically,
this means moving away from expansion based on “quantity” towards improvements in
terms of “quality”, as well as achieving coordinated regional development. To achieve this,
it is necessary to pursue complementary advantages and rationalize the division of labor
among regions, strengthen spatial linkages between regions from multiple perspectives,
and improve spatial governance. Ultimately, this will lead to the establishment of a high-
quality spatial development cycle that is well-coordinated and interconnected, thereby
promoting the emergence of a novel progression pattern.

Therefore, concerning the spatial relationships of high-quality development, the spatial
relationships of five dimensions provide a crucial explanation of their spatial relevance.
When it comes to innovation, the acquisition of innovative factors involves both intra-
regional and inter-regional flows between regional innovation systems. To maximize their
own interests. High-skilled workers choose to develop their careers in areas with better
development opportunities and research environments. This, in turn, enhances the flow of
knowledge and innovation. Simultaneously, the unrestricted flow of innovative elements
between regions can enhance resource allocation efficiency and increase total factor produc-
tivity. This, in turn, can achieve spatial relationships of high-quality development from an
innovation perspective [40]. When it comes to coordination, with the implementation of poli-
cies like “Western Development” and “Central Rise”, certain industries have commenced
migrating and spreading from the eastern regions to the central and western regions of
China. The extended development of industrial chains not only promotes the upgrade of the
industrial structure in the central and western regions, but also accelerates the establishment
of an industrial synergy and agglomeration mechanism. This, in turn, promotes the spatial
transmission of high-quality development. In terms of green development, the joint preven-
tion and control mechanism for pollution has expedited efforts for the joint prevention and
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control of haze pollution in the Beijing–Tianjin–Hebei region and its environs, as well as in
the Yangtze River Delta region and the Pearl River Delta region. These mechanisms have
been established to mitigate pollution by coordinating cross-regionally, with as attention
paid to fixed asset investment and reductions in industrial emissions. From the green
view perspective of promoting environmentally friendly development, these efforts have
bolstered the spatial relationships that are essential for attaining high standards of develop-
ment. In terms of openness, the development of urban agglomerations has continuously
strengthened regional connections and led to the gradual formation of a spatial economic
structure characterized by industrial and value chains. This has enabled high-quality capital,
talent, and technology to flow freely between regions, thereby fostering the development
of a domestic economic circulation. Additionally, the “Belt and Road” initiative, which
depends on multimodal transportation, has not only promoted the opening up of inland
regions, it has also promoted the coordinated development of coastal and inland areas in
terms of trade and transport [44]. These dynamics have augmented the spatial relationships
required for achieving high-quality development. In terms of sharing, the construction of
transportation infrastructure, including highways and high-speed railways, has shattered
market segmentation between regions. The development of diverse transport flows has
propelled the formation of inter-regional network patterns, expanding both the scope and
frequency of interprovincial connections. This has enhanced the spatial connections required
to attain high-quality development across provinces [45], and additionally enhanced the
spillover repercussions of regional economic growth.

This study utilizes a modified gravity model to analyze the spatial correlation in high-
quality development and constructs an inter-provincial spatial correlation network of high-
quality development. Figure 4 portrays the spatial correlation network of China’s high-quality
development in 2006 and 2020. It is evident that there is at least one correlation between any
two provinces, indicating a universal spatial relationship in high-quality development. The
spatial correlation network multiplies intricately with numerous interconnections.
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4.2. Overall Network Structure Characteristics

Figure 5 illustrates the overall characteristics of the spatial correlation network of
high-quality development. Firstly, the network density fluctuates, rising from 0.201 in
2006 to 0.223 in 2020, demonstrating that the links between provinces for high-quality
development have strengthened and the relationships have become closer. Secondly, the
gradient trend of the network hierarchy shows a gradual decline, as demonstrated by it
maintaining a level of approximately 0.43 from 2006 to 2014, reducing to 0.34 from 2015 to
2016, and further decreasing to 0.24 after 2016. This indicates a gradual breakdown of the
hierarchical spatial network structure and the emergence of a new situation of integration
and interaction. Thirdly, the fluctuation in network efficiency has decreased by 3.02%, and
the number of spatial correlations increased from 175 in 2006 to 194 in 2020. This indicates
an increase in the spatial spillover channel of high-quality development among provinces
and a further strengthening of the stability of the spatial correlation network.
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4.3. Individual Network Structure Characteristics

1. Degree Centrality

Figure 6 illustrates the spatial distribution of degree centrality in 2006 and 2020. The
degree centrality of the spatial correlation network shows a high distribution trend in the
east and a low distribution trend in the west. The eastern region holds significant way
within the spatial correlation network of high-quality development. Conversely, the central
and western regions possess limited connections with other provinces, thereby assuming a
subordinate role in the spatial correlation network of high-quality development. During the
investigation period, there was a significant increase in the degree centrality of the central
and western regions due to the growth of links with other provinces. Consequently, their
position within the spatial correlation network for high-quality development substantially
improved.

2. Betweenness Centrality

Figure 7 illustrates the spatial distribution of betweenness centrality for the years
2006 and 2020. The distribution of intermediary centrality showed insignificant changes
in 2020 compared to 2006. This implies that the economically thriving eastern region still
dominates as the “bridge” region in the correlation networks for high-quality development.
Conversely, provinces situated in the border regions tend to receive lower rankings. Shang-
hai holds the top spot with a mean value of 19.559. As a hub for international economics,
finance, trade, shipping, and technological innovation, Shanghai serves as a notable market
intermediary that connects the circulation of both domestic and international economies.
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3. Closeness Centrality

Figure 8 illustrates the spatial distribution of closeness centrality in 2006 and 2020. It
can be inferred that the eastern coastal area possesses greater leverage in the spatial correla-
tion networks for promoting high-quality development. Contrarily, Xinjiang, Liaoning, and
Inner Mongolia exhibit significantly lower closeness. This indicates that these regions have
limited direct connections with other provinces, leading to a decreased spatial spillover
effect of development achievements. These regions are viewed as peripheral players in the
spatial association network of high-quality development.
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4.4. Spatial Agglomeration Characteristics

In this study, we utilized the CONCOR method to perform block model analysis of
high-quality development in 30 provinces and municipalities, using 2020 as our example.
The provinces and cities were categorized into four sections or categories, as outlined in
Table 2, based on a concentration standard of 0.2 and a maximum segmentation depth
of 2. The specific distribution is as follows: Section I, referred to as the main beneficiary
sector, is comprised of five provinces and cities. Beijing, Tianjin, Jiangsu, Zhejiang, and
Shanghai are included in Section I. Section II, known as the broker sector, comprises three
provinces and cities: Guangdong, Chongqing, and Fujian. Section III, referred to as the
bidirectional overflow sectors, encompasses eight provinces, specifically Inner Mongolia,
Hebei, Heilongjiang, Shaanxi, Liaoning, Shandong, Henan, and Jilin. Section IV, known as
the net overflow sector, comprises 14 provinces including Jiangxi, Hubei, Hunan, Guangxi,
Hainan, Anhui, Sichuan, Guizhou, Yunnan, Shanxi, Gansu, Qinghai, Ningxia, and Xinjiang.

Table 2. Spillover effects of the related spatial sectors of high-quality development.

Section Number
In-Degree Out-Degree

Intra-Plate Off-Plate Intra-Plate Off-Plate

Section I 5 6 100 6 21

Section II 3 0 21 0 25

Section III 8 11 18 11 34

Section IV 14 2 28 2 87
Data source: compiled by the authors.

The main beneficiary sector (Section I) demonstrates substantial spillover effects on
the bidirectional overflow sector (Section III) and is influenced by spillovers from the
other remaining three sections. Therefore, it follows those provinces and cities with more
advanced levels of development will have a higher likelihood of engaging with others
and obtaining resource output. There is a strong spillover effect between the broker
sector (Section II) and the net overflow sector (Section IV), which may be attributed to
their geographical proximity, facilitating collaboration, idea exchange, talent exchange,
and easier technological innovation sharing. Moreover, there are notable differences in
network density across various sections, indicating that there is ample room for enhancing
correlation relationships among and between sections.

5. Analysis of Driving Factors

From a systemic perspective, the spatial correlation of high-quality development is
significantly influenced not only by the evolution of internal factors in regional linkages,
but also by the evolution of external factors in these linkages. This phenomenon results
from the interconnectedness and interaction among various factors. Therefore, this study
constructs binary relation matrices to analyze high-quality development and its driving
factors. The research investigates the causal links between high-quality development and
spatial correlation, considering both endogenous and exogenous perspectives.

5.1. Specification of Variables

This paper investigates five internal factors that affect high-quality development:
innovation, coordination, greenness, openness, and sharing. These factors are analyzed
through an index system of high-quality development. 1© Innovation. There is a clear
spatial correlation in innovation spillovers, which in turn accelerates the establishment of
regional cooperation networks for innovation, contributing to the attainment of spatial
correlation in high-quality development [12]. 2© Coordination. As regional strategies are
advanced, the creation of synergetic industrial agglomeration mechanisms is hastened,
thereby fostering the spatial propagation of high-quality development. 3© Greenness.
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Joint pollution prevention and control efforts can create a trans-regional mechanism for
cooperation in reducing industrial emissions, thus strengthening the spatial correlation
in high-quality development [46]. 4© Openness. The “Belt and Road” strategy utilizes
multimodal transportation to open up inland areas and drive coordinated development
of both coastal and inland regions. This, in turn, reinforces high-quality development’s
spatial connectivity. 5© Share. On the one hand, the construction of infrastructure such
as public transport reduces market segmentation between regions, extending the range
and frequency of inter-provincial connections. On the other hand, the ongoing progress
of social security also promotes inter-regional talent exchange, ultimately augmenting the
spillover effect of regional economic growth [47].

The study investigates five external factors: local protection, financial development,
social consumption, convenient transportation, and population agglomeration. The proxy
variable settings for each of these factors are detailed in Table 3. 1© Local Protectionism
(Protection). Local protectionist mechanisms can lead to market segmentation, higher
production costs, and impede economic development exchange between regions [48].
Therefore, such mechanisms are not conducive to the formation of a high-quality spatial
correlation network for development. 2© Financial Development (Finance). Interregional
financial development links can aid the unrestricted movement of production factors and
enhance the effectiveness of resource allocation. Furthermore, they assist in optimizing
and upgrading industrial infrastructure, which can leverage the spillover effect of regional
economic growth [49]. 3© Social Consumption (Consumption). Consumer demand is essen-
tial for driving economic growth and enhancing economic stability [50]. The expansion of
social consumption demand leads to increased effective demand, which, in turn, promotes
supply-side structural reform and strengthens the spatial correlation of high-quality devel-
opment to a certain extent. 4© Convenient Transportation (Traffic). Whilst transportation
infrastructure can have a sizeable multiplier effect that promotes high-quality regional
development, it can also reduce transportation costs of production factors. This strengthens
the market proximity between regions and expands the spatial linkage of high-quality
development. 5© Population Agglomeration (Agglomeration). Population is a fundamental
driving force of economic growth. Population agglomeration facilitates a greater division
of labor and enhances labor efficiency [51]. Furthermore, the spatial migration caused by
population agglomeration enhances the spatial spillover of production factors, knowledge,
and technology, thereby fostering a spatial link between regions that leads to high-quality
development.

Table 3. External factor proxy variable settings.

Variable Measurement Method

Protection The reciprocal of (the Hoover localization
coefficient multiplied by the Krugman index)

Finance Ratio of financial institution deposits and loans
to regional GDP

Consumption Total retail sales of consumer goods

Traffic Road mileage per unit of land area

Agglomeration Resident population per unit of land area

5.2. QAP Correlation Analysis

To investigate the correlation between driving factors and high-quality development
(HQD), this study employed QAP correlation analysis integrating both internal and external
factors. The findings are illustrated in Tables 4 and 5.
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Table 4. QAP correlation analysis—internal driving factors.

HQD Innovation Coordination Greenness Openness Sharing

HQD 1.000 *** 0.995 *** 0.999 *** 0.995 *** 0.999 *** 0.999 ***

Innovation 0.995 *** 1.000 *** 0.993 *** 0.997 *** 0.992 *** 0.993 ***

Coordination 0.999 *** 0.993 *** 1.000 *** 0.993 *** 1.000 *** 0.999 ***

Greenness 0.995 *** 0.997 *** 0.993 *** 1.000 *** 0.993 *** 0.994 ***

Openness 0.999 *** 0.992 *** 1.000 *** 0.993 *** 1.000 *** 0.999 ***

Sharing 0.999 *** 0.993 *** 0.999 *** 0.994 *** 0.999 *** 1.000 ***

The asterisks *** indicate the significance of passing the 1 % tests, respectively, respectively.

Table 5. QAP correlation analysis—external driving factors.

HQD Protection Finance Consumption Traffic Agglomeration

HQD 1.000 *** 0.966 *** 0.955 *** 0.955 *** 0.912 *** 0.949 ***

Protection 0.966 *** 1.000 *** 0.978 *** 0.989 *** 0.949 *** 0.967 ***

Finance 0.955 *** 0.978 *** 1.000 *** 0.980 *** 0.951 *** 0.975 ***

Consumption 0.955 *** 0.989 *** 0.980 *** 1.000 *** 0.943 *** 0.972 ***

Traffic 0.912 *** 0.949 *** 0.951 *** 0.943 *** 1.000 *** 0.932 ***

Agglomeration 0.949 *** 0.967 *** 0.975 *** 0.972 *** 0.932 *** 1.000 ***

The asterisks *** indicate the significance of passing the 1 % tests, respectively, respectively.

5.2.1. Internal Driving Factors

Table 6 presents the results of QAP correlation analysis focusing on intrinsic drivers
linked to high-quality development spaces. The correlation coefficients between the binary
relationship matrix of Innovation, Coordination, Greenness, Openness, Sharing and the binary
relationship matrix of HQD are all greater than 0.95, meeting the significance level test of
1%. Within the sample period, a strong correlation was discovered between the spatial
correlation of high-quality development and that of Innovation, Coordination, Greenness,
Openness and Sharing.

Table 6. QAP regression results—internal driving factors.

Variable Un-Stdized
Coefficient Stdized Coefficient Significance

Innovation 0.141 0.142 0.000

Coordination 0.019 0.019 0.185

Green 0.060 0.061 0.003

Openness 0.155 0.154 0.004

Sharing 0.626 0.625 0.000

Intercept term −0.001 0.000 -

5.2.2. External Driving Factors

Table 7 illustrates the outcomes of QAP correlation analysis on external driving factors
in relation to the high-quality development space. All correlations between the binary
relationship matrix of Protection, Finance, Consumption, Traffic, Agglomeration and the binary
relationship matrix of HQD exceed 0.90 and meet the significance level threshold of 1%.
During the sample period, a positive spatial correlation was found between high-quality
development and various factors such as local protection, financial development, social
consumption, convenient transportation, and population agglomeration.
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Table 7. QAP regression results—external driving factors.

Variable Un-Stdized
Coefficient Stdized Coefficient Significance

Protection −0.254 −0.266 0.000

Finance 0.876 0.887 0.000

Consumption 0.188 0.196 0.001

Traffic 0.263 0.274 0.000

Agglomeration −0.116 −0.123 0.001

Intercept term 0.078 0.000 -

5.3. QAP Regression Analysis

The aforementioned research suggests a correlation between internal and external
driving factors and the spatial distribution of high-quality development. Thus, this study
employs QAP regression analysis to examine the driving factors that affect the spatial corre-
lation of high-quality development. The regression results are illustrated in Tables 6 and 7.

5.3.1. Internal Driving Factors

Table 6 shows that, with the exception of Coordination, all four dimensions, namely
Innovation, Greenness, Openness, and Sharing, exhibit positive standardized regression co-
efficients that are statistically significant at the 1% level. This suggests that the spatial
correlation of these dimensions plays a significant role in promoting spatial linkages for
high-quality development. Among them, the Sharing dimension has the highest contri-
bution, as evidenced by its maximum standardized regression coefficient of 0.625. This
indicates that the spatial correlation of people’s sharing of livelihoods has the most signif-
icant impact on high-quality development. The second most influential dimensions are
Openness and Innovation, with standardized regression coefficients of 0.154 and 0.142, re-
spectively. On the other hand, the Greenness dimension has the least influence on the spatial
correlation of high-quality development, as evidenced by its relatively low standardized
regression coefficient of 0.061.

There are two aspects to the dimension of Sharing. First, comprehensive support for the
construction of transport infrastructure plays a key role in enhancing transport accessibility
and facilitating the efficient flow of resources between regions, thereby strengthening the
spatial correlation of high-quality development [51]. Second, the joint construction and
sharing of public services, such as health care, is crucial for breaking down geographical
boundaries and reducing “social distance” between regions. This collaborative approach
helps to establish a spatial network for high-quality development. It is therefore important
to enhance the interconnection between regions in terms of public services. This will
promote the formation of a regional economic layout characterized by complementary
advantages and high-quality development.

5.3.2. External Driving Factors

Based on Table 7, the standardized regression coefficients for Finance, Consumption and
Traffic are all positive and pass the 1% significance level test. This suggests that the spatial
correlation of financial development, social consumption and convenient transportation
among regions is the main driving force behind a high-quality spatial correlation network.
Among the three variables, Finance has the largest regression coefficient, indicating that
interregional financial connectivity has the greatest impact on the spatial correlation net-
work for high-quality development. Interregional capital flows can improve the efficiency
of industrial structure. Additionally, financial linkage has a strong spillover effect, which
helps to reduce regional disparities and facilitates regionally coordinated development.

In contrast, the regression coefficients of Protection and Agglomeration are negative
and pass the significance test at 1%. This suggests that excessive local protection behavior
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and a high level of population agglomeration are not conducive to improving the spatial
correlation of high-quality development. Specifically, the regression coefficient for Protection
is −0.254, indicating that local protectionism has the greatest inhibitory effect on the spatial
correlation of high-quality development. Local protectionism tends to lead to market
segmentation, which hinders the smooth flow of products and factors between regions and
ultimately weakens the spatial correlation of high-quality development [48].

6. Conclusions and Policy Recommendations

Based on the new development concept, this research constructs an evaluation system
of high-quality development indicators to measure the level of China’s high-quality devel-
opment from 2006 to 2020. It comprehensively examines the spatial correlation network
and its characteristics of high-quality development through social network analysis. It also
explores the driving factors of this network from both internal and external perspectives
with the help of QAP. The following conclusions are drawn:

1© During the study period, China’s overall high-quality development level maintained
a steady growth trend, and the spatial correlation network became more dense. In
terms of overall network characteristics, there was an increasing fluctuation in net-
work density, while network hierarchy and network efficiency showed a decreasing
trend. Interprovincial high-quality development also gradually strengthened. Look-
ing at individual networks, there were significant differences in the centrality of each
province. Shanghai, Beijing, and Jiangsu exhibited high centrality and exerted a
strong influence in the spatial correlation network for high-quality development, thus,
they can be considered central actors in the network. Alternatively, Inner Mongo-
lia, Liaoning, and Xinjiang possess fewer direct connections with other provinces,
rendering it difficult for them to exert control and dominate over other provinces.
Consequently, these provinces hold the status of marginal actors within the spatial
correlation network. Through block model analysis, it was found that there were
notable spatial correlations and spillover effects among the spatially related plates
of high-quality development. Section I, recognized as the main beneficiary sector, is
concentrated mainly in the eastern and northern coastal regions. Section II, known
as the broker sector, is primarily situated in the southern coastal areas. Section III,
referred to as the bidirectional overflow sector, is mainly concentrated in the middle
Yellow River and northeast areas. Finally, Section IV, known as the net overflow sector,
is mainly concentrated in the middle Yangtze River, northwest, and southwest areas.

2© After conducting the QAP method analysis, it is evident that the spatial correlation of
high-quality development is significantly correlated with both internal and external
drivers during the sample study period. In terms of internal drivers, the spatial corre-
lation of “innovation”, “greenness”, “openness” and “sharing” were identified as the
primary driving forces behind the spatial correlation of high-quality development,
with “sharing” having the most significant influence. Regarding external factors, it
was discovered that advancements in financial development, social consumption, and
convenient transport significantly bolster the spatial correlation of high-quality devel-
opment. Conversely, local protectionism and the effects of population agglomeration
do not contribute to the improving of spatial correlation for high-quality development.

Based on the above analysis, the following conclusions can be drawn:
Firstly, it is essential to improve the spatial connectivity of high-quality development

and to elevate the level of high-quality development across the board. Active measures
should be taken to explore effective approaches that facilitate the spatial correlation of
high-quality development. This involves investigating methods to promote a system of
spatial correlation in high-quality development via scientific and technological innovation,
eco-friendly development, and the fair distribution of benefits among the population.
It is also important to boost regional connections and gradually dismantle hierarchical
barriers within the network. Priority should be given to the continuous improvement
of infrastructure, including comprehensive transport networks and information systems.
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These measures will promote improved collaboration amongst regions and facilitate high-
quality development with spatial correlations.

Secondly, it is imperative to adopt a distinguishable development approach to gradu-
ally decrease regional inequalities. This can be achieved by utilizing the provinces’ diverse
roles in the spatial correlation network of high-quality development. By endorsing rational
labor division and mutual promotion, a new state of high-quality development can be
realized. Provinces with high betweenness centrality should fully utilize the role of “bridge”
in overflow relationships to facilitate the flow of different elements among various regions,
thus improving regional interconnection and market accessibility. For provinces with high
closeness centrality, they should leverage their proximity to other provinces in the spatial
correlation. An inter-provincial mechanism should be established, promoting basic public
services, employment, and social security, in order to form a regional economic structure
characterized by complementary advantages and high-quality development. Provinces
located in both “two-way spillover plates” and “net spillover plates” should take proactive
steps to improve infrastructure by enhancing infrastructure and strengthening spillover
relationships between plates. This will ultimately provide a late-comer advantage for
high-quality development.

Thirdly, it is important to improve financial cooperation mechanisms and decrease
local protectionist behaviors. We must strive to streamline the movement of financial
resources across regions, which can be accomplished by maximizing the agglomeration
and radiation effects of major cities in financial development. Strengthening the capacity
for financial cooperation, establishing a comprehensive financial service network, and
enhancing the spatial spillover effects of financial development are essential actions to take
in this regard. It is also necessary to move away from excessive government intervention in
economic activities. Eliminating local protectionism and dismantling market segmentation
to encourage the free movement of production factors across regions are measures that will
assist in creating a unified national market.

This paper may have some limitations. First, it should be acknowledged that the
definition and scope of high-quality development is continually evolving with the ongoing
development of the economy. Thus, the high-quality development system might benefit
from additional research studies to further enrich it. Second, future research could be
broadened to explore the high-quality development of other spatial correlation networks,
including those of countries located along the “Belt and Road” and OECD countries.
These efforts can contribute to the comprehensive and thorough development of economic
globalization.
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