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Abstract: The Yangtze River economic belt is the main force leading the high-quality development of
China’s economy, but its current internal economic differentiation issues require further study. In
this study, to understand the development laws, change characteristics, evolutionary pattern, and
main influencing factors on economic differences and economic network structure in the Yangtze
River economic belt, 20 years of data from 1999 to 2018 at the general scale, three major regions,
province, and city scales were analyzed. The results indicated that from 1999 to 2018, the total GDP
of the Yangtze River economic belt steadily increased year by year, and the absolute difference in
regional economy showed an expanding trend, while the relative difference was relatively stable.
The total economic output and proportion of the three major regions all showed a trend of eastern
region > central region > western region, but the growth rate and proportion trends were exactly the
opposite. The GDP of 11 provinces and 110 cities showed positive global autocorrelation and obvious
local spatial autocorrelation, but their radiative driving effect on surrounding areas was not strong,
and the spatial agglomeration effect at the provincial level was better than that at the prefecture
level or city level. The economic network structure was characterized by a single center structure
dominated by the Shanghai and Jiangsu Province, gradually strengthening from west to east, and the
gravity value growth rate in the western region was significantly higher than in the central and eastern
regions. The city cluster in the middle reaches of the Yangtze River and the Chengdu-Chongqing
served as the main bridges and links, playing a crucial role in the cascade radiation process of
economic connections. The research results have strategic significance for coordinating the region
development of the Yangtze River economic belt and promoting the rise of central China.

Keywords: economic difference; modified gravitation model; economic network structure; variation
characteristics; Yangtze River economic belt

1. Introduction

Regional economic development is a comprehensive category, which mainly refers
to the economic development status of a region, in various aspects, within a certain time
range horizontally, and the potential and possibility of coordinated regional economic
development vertically [1]. In the context of globalization, regional relations and economic
order are rapidly changing and rebuilding. Attracting capital and promoting expenditure
competition at regional, national, and international levels has a significant impact on
long-term sustainable economic growth. The development pattern of economic space is
influenced by three dimensions: national, regional, and global [2]. The basic elements
of all three dimensions are cities. City is not only a fundamental element of the three
dimensions, but also a focal point of the three dimensions; an important center of the three
dimensions and an important element of the three dimensions, playing a crucial role [3].
Currently, China is experiencing rapid urbanization and a shift in value orientation. The
14th Five-Year Plan for National Urban Infrastructure Construction, released in 2022, points
out that urban infrastructure is the material foundation for ensuring the normal operation
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and healthy development of cities, and an important support for achieving economic
transformation. On the one hand, we need to promote the integrated development of
infrastructure between urban agglomerations and metropolitan areas, and on the other
hand, we need to promote the formation of a new pattern of coordinated development
between regions and urban-rural areas [4]. How to construct a scientific and reasonable
economic spatial development pattern, adapt to the needs of China’s new normal of
economic development and its new urbanization strategy, is an urgent new problem that
needs to be solved at the current stage.

The German economist Thiinen is considered the initiator of research on regional
economic development differences, as he was one of the pioneers in the 19th century [5].
After World War II, regional economic disparities widened globally, leading to a significant
development of imbalanced growth ideas in the mid-20th century. The theories that make
up this collection are mostly those of Gunnar Myrdal (cumulative causation theory) [6],
Akamatsu (unbalanced growth theory) [7], Bunker (growth pole theory) [8], Friedmann
(core—periphery theory) [9], Hatton (inverted “U” theory) [10], and others. The core of the
theory of unbalanced development discusses the impossibility of balanced development
from the perspective of resource scarcity. Its central principle is that an economy can
only selectively develop specific regions and sectors, in order to achieve the ultimate
comprehensive development of the region, in situations where the established resource
endowment structure is different [11].

Scholars have conducted extensive empirical research on regional economic disparities.
These studies mainly involve the measurement, temporal and spatial aspects, and impact
mechanisms of regional economic development inequality. The measurement mainly
focuses on the selection of different research methods, such as the orthogonal function [12],
spatial variance function [13], Theil index [14], standard deviation [15], coefficient of
variation [16], and so on, which are the primary emphasis of the measurement. The
convergence of time [17] and the variety of spatial scales [18] are the primary focal points
of the spatiotemporal features. The causes can be summed up as follows, in terms of
influencing mechanisms: globalization [19], border effects [20], development strategies [21],
and regional policies [22]. Scholars’ attention has gradually shifted to the economic network
connecting cities, as a result of cities” ongoing economic growth and the progressive
strengthening of their economic linkages to one another. The term “economic network”
describes an organic system of points, lines, and surfaces that are closely connected by
factor flows and transportation corridors that connect cities of various sizes and spheres
of influence [23]. The region serves as the carrier and economic activity serves as the
basis. This system is also the fundamental element of the spatial linkage network. It is
generally distinguished by the integration of theory with actual data, both qualitative and
quantitative, and they specifically exhibit three clear patterns. From a single city or region
to a multi-city and city cluster, the study object changes [24,25]. Research views have
shifted from those of urban economic flow and tourism flow to those of industrial flow and
information flow [26,27]. From the conventional gravitational model and gravity model
to complex network and social network analysis, research techniques have changed over
time [28,29].

As an extremely important development axis in the “T-shaped” strategy of land devel-
opment and economics in China, the Yangtze River economic belt, accounting for 20% of
the national land area, supports more than 40% of the country’s total economic output [30].
Scholars have conducted in-depth research using various technologies and perspectives
based on theories related to regional economic development, combined with the specific
situation of the development of the Yangtze River economic belt. Due to the Yangtze River
economic belt spanning three key regions in eastern, central, and western China, there are
extremely substantial regional economic disparities in terms of economic development.
Scholars have studied the Yangtze River economic belt’s economic strength [31], total
factor productivity [32], industrial energy efficiency [33], and other features. The research
methodologies used in these studies included spatial autocorrelation [34], Theil’s index [35],
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and more. Deficits include having just one measuring indicator, having a short research
time, and focusing the research region only on specific economic subgroups in relation to
the Yangtze River economic belt. There is a long way to go before there is an integrated
development pattern, with signs of fragmentation and unbalanced development being
prominent. The Yangtze River economic belt has developed relatively quickly in recent
years, and the comprehensive three-dimensional transportation corridor has gradually
taken shape. However, there are obvious differences in the resource endowment and eco-
nomic development status of the different regions within it. This offers potentially creative
concepts and serves as a crucial point of reference and central concern for the research.
Therefore, it is necessary to analyze the regional economic development differences and
economic network characteristics of the Yangtze River economic belt in the past 20 years,
based on the comprehensive research results, in order to provide valuable references for
the future development and construction of the Yangtze River economic belt.

In general, the Yangtze River economic belt was used as the study area, and the
main objectives of this study based on more recent data from 1999 to 2018 are as follows:
(1) exploration of the economic differences at the overall scale of the Yangtze River economic
belt; (2) analysis of the spatiotemporal trend and intensity of the three major regions at
the eastern, central, and western regional scales; (3) determination of the evolutionary law
and identification of the main economic networks structure at the province and city scales.
The research results are expected to provide decision support for sustainable economic
development in the Yangtze River economic belt.

2. Materials and Methods
2.1. Study Area and Data Sources

With an area of 2.05 x 10° km? and complex topography, with elevations above 1000 m,
the Yangtze River economic belt (97°21'-123°10" E, 21°08’-35°20' N) is divided into three
regions (11 provinces), based on topography and natural conditions: the eastern region,
which includes Shanghai, Zhejiang, and Jiangsu; the central region, which includes Anhui,
Jiangxi, Hubei, and Hunan, and the western region, which includes Sichuan, Chongqing,
Yunnan, and Guizhou [30]. In total, 126 cities may be found within the region. Due to
the challenges associated with obtaining data, this study only included 110 cities in its
analysis (Figure 1). In general, China has three main development strategies, one of which
is the Yangtze River economic belt. Despite making up only 20% of China’s land area,
it is home to more than 40% of the country’s population and supports more than 40%
of the country’s economy [36]. A total of 11 provinces and 110 cities” worth of 20-year
GDP records, spanning from 1999 to 2018, were obtained for this study from the National
Bureau of Statistics (http://www.stats.gov.cn/ accessed on 22 April 2024). The datasets
are accessible and have undergone quality control processing, with fewer than 0.1% of
the data missing.

2.2. Standard Deviation

One typical way to measure the overall change in absolute regional economic inequal-
ities is to use the standard deviation [37]. In order to examine the relative differences in
the Yangtze River economic belt, the coefficient of variation is employed in conjunction
with the standard deviation, accounting for the effect of growing GDP on the standard
deviation’s expansion. The formula is as follows:

s = \/2?21 (x—f)z/n 1)

where s is the regional standard deviation, x is the per capita GDP of the region, i is the
GDP of the region, and 7 is the number of regions.

The coefficient of variation, which primarily reacts to the relative difference in the
deviation of elements from the average, is traditionally defined as the ratio of the standard
deviation to the average. The weighted coefficient of variation is used in the Yangtze River
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economic belt, as a measure that accounts for the impact of regional population size. The

formula is as follows: .
_ n —\2 _ Pi
Cv—x\/Zil(xX) <y 2

where C, is the variation weighting coefficient, p is the total population of the study area,
pi is the population of the i province.
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Figure 1. Location of the administrative division of the Yangtze River economic belt.

2.3. Theil Index

This study uses the Theil index as an indicator of internal and external economic
inequality in the Yangtze River economic belt. Its capacity to quantify the relative contri-
butions of intra- and intergroup disparities to total inequalities is its greatest strength [14].
The formula is as follows:

T=Tw+Ts =Y, yilog(yi/pi)+ Y ., vglog(yei/ pg;) ®)
L, =T,/T )

where T is the total Theil index, Tyy is the Theil index among urban agglomerations, Tp
is the Theil index within urban agglomerations, y; is the proportion of GDP of group i in
the total region, p; is the proportion of population of group i in the total region, j is the
number of cities in group g, y, is the proportion of GDP of group g in the total region,
Yyj is the proportion of GDP of city j in Group g urban agglomeration to Group g urban
agglomeration, p,; is the proportion of GDP of city j in Group g urban agglomeration to
Group g urban agglomeration, L, is the proportion of the Theil index of Group g urban
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agglomeration to the total Theil index, T, is the Theil index of urban agglomeration g,
reflecting the contribution of urban agglomeration g to the total regional variation.

2.4. Spatial Autocorrelation

The degree of association between a certain geographic phenomenon or attribute value
on one regional unit and the same phenomenon or attribute value on adjacent regional
units is reflected by spatial autocorrelation. The Moran’s I model is used in this study
to measure the spatial correlation properties in the Yangtze River economic belt. Both
local and global spatial autocorrelation analyses are included in Moran’s I index [38]. The
formula is as follows:

D R Y, :
j 2y Zj:1 w;; 5)
n 2

S2 — Zizl (xi - x)/ (6)

where 7 is the number of irregular spatial units in the study area, x; and x; are the observed
values for regions i and j, wj; is the spatial weight matrix. In this study, w;; is determined
using the spatial adjacency criterion. When region j is adjacent to region i, w;; is 1, otherwise
itis 0.

The local Moran’s I index is as follows:

=2
— (xi — x) n - n
li= 5722121,]‘7&1‘ wij(x; = %) = ZiZ]’:Ljyéi Wijzj (7)
where z; and z; are the standardized values for per capita GDP in regions i and j.

2.5. Modified Gravitation Model

The economic network mainly utilizes the gravity model and, from the perspective of
the volume of urban economic links, urban quality mainly focuses on the level of urban
economic development, and economic volume is the primary indicator of quality measure-
ment [23]. The Yangtze River economic belt has the characteristics of non-equilibrium and
complexity, this study adopts the accessibility to measure the distance of time cost between
cities under the full consideration of the influence of the real transportation factors, and
constructs the time cost matrix of cities. The modified gravity model is as follows:

E; \B/E X \3/ E]'
Fi' X

= (8)

where F;; is the economic connection strength between City i and City j, E; and E; represent
the economic quality of City i and City j, Tj; is the time cost distance between City i and
City j.

3. Results
3.1. The Yangtze River Economic Belt

Four scales—the Yangtze River economic belt as a whole, three major regions, 11 provinces,
and 110 cities—are examined in this study’s analysis of the economic development of the region.
With an average annual growth rate of 13.74%, the overall economic volume of the Yangtze
River economic belt increased steadily from 1999 to 2018 (Table 1), surpassing 10 trillion yuan
in 2007, 20 trillion yuan in 2011, 30 trillion yuan in 2015, and 40 trillion yuan in 2018. Prior
to 2007, the country’s economy’s share fluctuated, growing then declining. After 2007, it
experienced rapid growth, rising from a low of 42.08% in 2007 to 47.16% in 2018, a gain
of 5.08% annually. The Yangtze River economic belt’s overall economic status is observed
to be expanding gradually and sustainably. With roughly half of China’s land area, the
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Yangtze River economic belt is a significant support belt for the nation’s overall economic
development and generates half of the nation’s total economic output, allowing it to fully
utilize its distinct advantages and vast development potential in the area.

Table 1. Economic difference index of GDP from 1999 to 2018 in the Yangtze River economic belt.

Year GDP/Trillion Star}da.rd Coeff%cit?nt of Theil . Moran’s I .
Deviation Variation Index Province City
1999 3.73 0.187 0.551 0.130 0.341 0.131
2000 4.10 0.212 0.568 0.138 0.342 0.135
2001 4.53 0.238 0.577 0.142 0.365 0.134
2002 5.03 0.272 0.594 0.149 0.367 0.139
2003 5.80 0.327 0.620 0.161 0.373 0.152
2004 6.97 0.394 0.622 0.162 0.378 0.154
2005 8.15 0.485 0.654 0.175 0.344 0.159
2006 9.45 0.569 0.663 0.179 0.331 0.163
2007 11.37 0.678 0.656 0.175 0.318 0.162
2008 13.48 0.790 0.645 0.168 0.288 0.155
2009 14.94 0.866 0.638 0.165 0.269 0.149
2010 18.00 1.041 0.636 0.165 0.251 0.151
2011 21.62 1.213 0.617 0.155 0.221 0.144
2012 24.02 1.311 0.600 0.146 0.185 0.136
2013 26.63 1.432 0.592 0.141 0.170 0.131
2014 28.98 1.545 0.586 0.137 0.157 0.127
2015 31.05 1.657 0.587 0.136 0.150 0.124
2016 34.31 1.824 0.585 0.135 0.160 0.120
2017 37.80 2.016 0.587 0.135 0.152 0.121
2018 42.46 2.129 0.552 0.121 0.121 0.118

There is a noticeable rising trend in the regional standard deviation for the Yangtze
River economic belt. It grew by 11.40 times, from 0.187 in 1999 to 2.129 in 2018, suggesting
that the absolute regional inequalities are generally on the rise. With a maximum value
of 0.663 in 2006 and a low value of 0.551 in 1999, the coefficient of variation exhibits
growing and subsequently falling tendencies. However, the overall change is not very
great, suggesting that the total regional GDP difference tends to stabilize. With a maximum
value of 0.179 in 2006 and a minimum value of 0.121 in 2018, the Theil index has followed a
trend of increase followed by decrease, albeit with overall narrowing. This suggests that
the differences in the total GDP have been increasing and subsequently reducing.

3.2. Three Major Regions

The Shanghai, Zhejiang, and Jiangsu Provinces are generally classified as the eastern
region; the Anhui, Jiangxi, Hubei, and Hunan Provinces as the central region, and thte
Chongging municipality, Sichuan, Guizhou, and Yunnan Provinces as the western region,
according to the degree of economic development and geographic location of the provinces
within the Yangtze River economic belt. This study uses four components to examine the
total GDP, the total GDP share, the total GDP growth rate, and the GDP per capita, in order
to more thoroughly assess the economic development of the three main regions (Figure 2).

The three main regions—the eastern, central, and western regions—saw annual in-
creases in total GDP from 1999 to 2018, rising from 1.71 trillion, 1.21 trillion, and 0.81 trillion
in 1999, to 18.15 trillion, 14.24 trillion, and 10.07 trillion in 2018, respectively. The three
main regions, the eastern, central, and western regions, had changes in their GDP share
from 1999 to 2018, going from 45.82%, 32.33%, and 21.84% in 1999, to 42.74%, 33.53%, and
23.72% in 2018, respectively. Two key characteristics define the development pattern of the
total GDP share over the 20-year period, despite the fact that the total GDP shares of the
three primary regions, the eastern, central, and western regions, varied greatly, with the
eastern region leading the way and the western region trailing behind. The GDP share of
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the central and western regions of the group displayed an upward and then downward
trend, reaching their highest points in 2018 and their lowest points in 2006, respectively. In
contrast, the eastern region, and its central and western regions, showed an upward and
then downward trend, reaching their highest point in 2006 and their lowest point in 2018.
Overall, the GDP shares of the central and western regions of the Yangtze River economic
belt are increasing while the eastern region’s share is declining, despite the fact that the
total GDP continues to hold its leading position. This is due to the advancement of the
national strategies for the development of the western part of the country in 2000 and the
rise of central China in 2004.
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Figure 2. The economic development trend (a) GDP, (b) GDP share, (c) GDP growth rate, (d) GDP
per captia) of the eastern, central, and western regions in the Yangtze River economic belt from
1999 to 2018.

The three main regions of the Yangtze River economic belt—the eastern, central,
and western regions—distinguish themselves from one another clearly in terms of their
GDP growth rates. Regarding the temporal trend, there is a variation in stage; prior to
2006, the GDP growth rate in the eastern region was greater than that of the central and
western regions; following 2006, it was lower. On the other hand, there has been less
of a difference in GDP growth rates between the central and western regions, and the
development pattern has been more stable. The GDP growth rates of the eastern, central,
and western regions—the three main regions of the Yangtze River economic belt—have
generally followed a rising and then declining trend. The eastern region has progressively
slowed down because of its larger base, while the central and western regions have recently
experienced significant growth because of their weaker bases.

The three main regions of the Yangtze River economic belt—the eastern, central, and
western regions—have been gradually improving year over year in terms of GDP per
capita. There have been significant shifts in the absolute difference in the per capita GDP of
the three main regions—the eastern, central, and western regions. Over time, the absolute
differences in per capita GDP between the eastern and western region, as well as between
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the eastern and central region, have changed. Conversely, the western and central sections
are closer together, but have undergone minimal alteration.

The average ranking of the Theil index over the 20-year period is western (0.106) > eastern
(0.055) > central (0.007), with the western region having the largest internal GDP aggregate
differences and the central region having the smallest internal GDP aggregate differences.
This is based on the decomposition of the internal Theil index of the GDP aggregates of the
three major regions (Table 2). In particular, the contribution rate and the Theil index for the
eastern region both exhibit an overall upward trend (after 2000), pointing to a progressive rise
in the aggregate GDP disparities within the region. The general higher trend in the Theil
index and the contribution rate for the central region points to a progressive enlargement
of the disparities in the region’s total GDP. The Theil index for the western region exhibits
two phases: a continuous reduction from 1999 to 2000 and a further decline from 2001 to
2018, indicating a progressive decrease in internal GDP aggregate disparities, which has
intensified in recent years. The difference in total GDP between the three main regions of
the Yangtze River economic belt—the eastern, central, and western regions—has undergone
a process of first increasing and then decreasing, according to the intergroup analysis of
the Theil index and contribution ratio of total GDP, which both consistently exhibit the
characteristic of first increasing and then decreasing.

Table 2. Theil index and its contribution rate of GDP from 1999 to 2018 in the Yangtze River
economic belt.

Theil Decomposition Contribution Rate
Year Intergroup
Index Eastern Central Western Eastern Central Western
1999 0.130 0.035 0.003 0.114 0.123 0.006 0.191 0.680
2000 0.138 0.034 0.004 0.113 0.114 0.009 0.175 0.702
2001 0.142 0.029 0.004 0.113 0.098 0.008 0.167 0.727
2002 0.149 0.030 0.004 0.112 0.098 0.008 0.157 0.737
2003 0.161 0.030 0.004 0.111 0.094 0.008 0.141 0.757
2004 0.162 0.030 0.004 0.113 0.094 0.007 0.141 0.759
2005 0.175 0.039 0.005 0.112 0.113 0.009 0.128 0.750
2006 0.179 0.041 0.006 0.117 0.117 0.010 0.131 0.742
2007 0.175 0.042 0.007 0.117 0.122 0.012 0.134 0.731
2008 0.168 0.049 0.008 0.111 0.144 0.015 0.136 0.705
2009 0.165 0.055 0.008 0.116 0.161 0.015 0.144 0.680
2010 0.165 0.060 0.008 0.121 0.176 0.016 0.151 0.657
2011 0.155 0.068 0.008 0.118 0.203 0.016 0.161 0.620
2012 0.146 0.074 0.008 0.111 0.231 0.018 0.165 0.586
2013 0.141 0.077 0.008 0.101 0.247 0.018 0.159 0.575
2014 0.137 0.080 0.009 0.094 0.258 0.021 0.153 0.568
2015 0.136 0.081 0.010 0.084 0.266 0.024 0.139 0.571
2016 0.135 0.079 0.009 0.082 0.262 0.023 0.136 0.579
2017 0.135 0.083 0.008 0.082 0.273 0.019 0.138 0.570
2018 0.121 0.084 0.007 0.080 0.296 0.021 0.157 0.527

3.3. 11 Provinces

This study only computes the standard deviation and coefficient of variation of nine
provinces with respect to the cities of each province over the 20-year period (Table 3),
because Shanghai and Chongging lack the subsequent level of city units. The standard
deviation indicates that the absolute disparities in the total GDP of the nine provinces
exhibit a broadening tendency, with the total GDP of the provinces showing a consistent
upward trend in relation to the cities. As can be observed, the absolute disparities in total
GDP are always expressed as western region < central region < eastern region, indicating
that in the Yangtze River economic belt, the absolute differences in total GDP progressively
increase from west to east.

According to the coefficient of variation, there are three main trends that can be seen
in the total GDP of the nine provinces in relation to cities; the Jiangsu, Hubei, and Guizhou
provinces exhibit rising and then declining characteristics; the Zhejiang, Anhui, and Hunan
provinces show an upward trend, and the Jiangxi, Sichuan, and Yunnan Provinces show
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a wave-like change of rising, then declining, and then rising. Observing the results of
the extreme value ratio, we can assume that in the central region, relative to the eastern
and western regions, the relative difference of the change is larger, while the changes in
the eastern and western regions are essentially the same. As can be seen, the relative
difference between the nine provinces over the 20 years is not very obvious, and each has
its own trend.

The global autocorrelation, Moran’s I index, Z-value, and p-value of the Yangtze River
economic belt’s total GDP were computed from 1999 to 2018 using the ArcGis 10.8 and
GeoDa 1.20 software. p is less than 0.05, suggesting that the GDP totals of the Yangtze River
economic belt region as a whole exhibit positive global autocorrelation. For the GDP totals
of 11 provinces, the global autocorrelation Moran’s I indices are all positive throughout
the 20-year period. The study interval can be specifically divided into two time periods;
the first stage, which spans from 1999 to 2004, shows that the correlation is increasing
because the global autocorrelation Moran’s I index is in the rising stage. The second stage,
which spans from 2005 to 2018, shows that the correlation is increasing. The worldwide
autocorrelation Moran’s I index is in the dropping stage in the second stage, which spans
the years 20052018, suggesting that the correlation is currently weakening. The Z-value’s
fluctuation and change features are entirely consistent with the I index, and all of them are
greater than 1.96 before 2012. This suggests that prior to 2012, the 11 provinces” GDP totals’
clustering characteristics were more pronounced.

By choosing the LISA clustering diagrams (local indicators of spatial association)
for the years 1999, 2003, 2007, 2011, 2015, and 2018, then analyzing the local economic
development of the regional economic development at the province scale, this study
investigates the temporal and spatial perspectives (Figure 3), respectively, in the local
autocorrelation analysis attributes of associations. The term “diffuse” refers to the situation
when a high-value region is surrounded by other high-value regions—the diffuse region
has a positive correlation with nearby regions that have fewer gaps and equivalent levels
of development. Low-low (L-L) indicates that the low value region is encircled by the low
value region, which is referred to as the “low growth type” region; there is also a positive
link since the low growth type region and its surrounding regions have a lower degree
of economic development and the gap is narrower. Low-high (L-H) maps show that a
low-value area is encircled by a high-value area known as a “transitional” area. Transitional
cities have a low degree of development, which causes them to be negatively correlated,
but their surrounding areas have a higher level of development and a greater difference.
The term “polarized” refers to the high-value area that is encircled by the low-value area;
this area has a higher degree of economic development than its neighbors, who have a
lower degree of development and a greater difference, indicating a negative correlation.
The term “high-low” (H-L) describes this situation.

There are two distinct phases for GDP aggregates; the first stage occurred in 1999,
2003, and 2007, while the second stage occurred in 2011, 2015, and 2018. In stage 1, the
agglomeration type with a positive connection is more stable. The high-high type includes
Shanghai and Jiangsu Province, no low-low type exists, the only province with a low-high
type is the Anhui Province (9.09%), and the only province with a high—low type is the
Sichuan Province (9.09%). Stage 2 will not be repeated and has the same qualities as the
spatial perspective. Overall, the total GDP of the 11 provinces in the Yangtze River economic
belt from 1999 to 2018 shows some spatial correlation, and similar types of regions are
spatially clustered and distributed. The Sichuan Province (high-low) and Anhui Province
(low-high) are the more stable regions, suggesting that their economic radiation-driven
effect on the neighboring regions is not very strong. In stage 2, Shanghai’s type changed
from high-high to low-high, suggesting that the city has lately been developing more
slowly than the neighboring provinces.
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Table 3. Standard deviation and coefficient of variation of the Yangtze River economic belt from 1999 to 2018.

Provinces Items 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Jiangsu SD 0.038 0.040 0.046 0.054  0.072 0.088 0.109 0.128  0.153  0.181 0.197 0.233 0271  0.303 0.324 0.342 0.360 0.381 0422  0.460
& cov 0.668 0.625 0.644 0.674 0.745  0.751 0.753 0.755 0.753  0.752 0.733 0.715 0.705  0.699 0.675 0.656 0.642 0.630  0.624 0.634
Zheiian SD 0.037 0.042 0.047 0.054  0.063  0.075 0.087 0.101 0121  0.139 0.148 0175 0206 0.227 0.244 0.266 0.287 0.320 0362 0389
ylang cov 0.676 0.681 0.696 0.695 0.697  0.695 0.709 0.710 0711 0.714 0.716 0713 0713 0.722 0.715 0.723 0.735 0.743 0.767  0.759
Anhui SD 0.007 0.009 0.008 0.009  0.010 0.012 0.022 0.021  0.027  0.036 0.043 0.063  0.078  0.089 0.100 0.112 0.122 0.136  0.151  0.169
nhut cov 0.429 0.524 0.446 0.454 0.468  0.454 0.646 0566  0.594  0.663 0.701 0.791 0.796  0.811 0.818 0.840 0.865 0.880  0.883  0.891
Jiangxd SD 0.010 0.011 0.012 0.014 0016 0.021 0.024 0.029  0.033  0.039 0.043 0.051  0.062  0.069 0.077 0.085 0.094 0.103 0118 0.131
& cov 0.642 0.642 0.652 0.657  0.651 0.670 0.672 0.672  0.650 0.632 0.619 0592  0.588 0.586 0.592 0.595 0.611 0.610  0.644 0.653
Hubei SD 0.027 0.031 0.034 0.039  0.042  0.048 0.058 0.070  0.083  0.107 0.120 0.145 0177 0210 0.238 0.265 0.282 0.308 0346  0.383
ubel cov 0.929 1.075 1.093 1.358 1.099 1.110 1.220 1.256 1259  1.291 1.270 1.255 1210 1.232 1.240 1.249 1.175 1.179 1.194 1216
H SD 0.012 0.014 0.016 0.018 0.021  0.025 0.034 0.041 0.050  0.069 0.088 0.107  0.132  0.150 0.167 0.183 0.199 0.219 0.240  0.258
unan cov 0.465 0.515 0.534 0.547 0575 0.583 0.688 0.708 0708  0.793 0.865 0.864  0.863  0.860 0.866 0.862 0.865 0.870 0909  0.906
Sich SD 0.025 0.028 0.032 0.036 0.040  0.046 0.050 0.058 0.070  0.082 0.095 0.118  0.148 0.173 0.194 0.215 0.230 0.261 0299  0.331
1chuan cov 1.248 1.280 1.322 1.334 1.323  1.287 1.278 1.273 1256 1.235 1.266 1.291 1.303  1.329 1.349 1.365 1.371 1.432 1474  1.500
Guizh SD 0.008 0.009 0.010 0.011 0.013  0.015 0.017 0.019 0.021  0.025 0.030 0.035 0.043  0.052 0.064 0.076 0.087 0.095 0.106  0.115
wizhou cov 0.643 0.659 0.678 0.680  0.672  0.654 0.618 0.604 0582  0.568 0.579 0571 0574 0.567 0.582 0.579 0.571 0.565 0562  0.569
v SD 0.019 0.020 0.021 0.023  0.026  0.030 0.034 0.038  0.045 0.051 0.058 0.067  0.079  0.094 0.106 0.114 0.121 0.131  0.149 0.159
unnan cov 1.114 1.112 1.132 1.140 1.154  1.140 1.112 1.096 1.079  1.053 1.055 1.046 1.027  1.029 1.023 1.031 1.031 1.031 1.052  1.063
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Figure 3. Local autocorrelation trend of GDP at provincial scale in the Yangtze River economic belt.

The economic network pattern between regions is characterized in this study using
GDP aggregates and the modified gravity model. The effective connectivity lines are
classified using the natural breakpoint method and are primarily visualized by choosing
six representative years: 1999, 2003, 2007, 2011, 2015, and 2018 (Figure 4). The economic
networks of the 11 provinces that make up the Yangtze River economic belt are complicated
in terms of spatial characteristics, yet there is a clear trend and a seemingly monocentric
network structure. It creates a non-equilibrium linking network that gradually becomes
stronger from west to east. It also creates a core spatial structure, with the provinces of
Zhejiang and Anhui acting as the second largest cities and Shanghai and Jiangsu as the
primary cities.

The economic gravitational pull between the 11 provinces has been growing over time.
With an extreme ratio of 112.38, the total average value climbed year over year from 60.96 in
1999 to 6850.67 in 2018. With the largest growth rate of 45.07% in 2004 and even the lowest
rate of 14.67% in 2015, the gravitational force value has fluctuated in a wave-like manner,
increasing and then falling. Despite the fact that the connecting line between the Shanghai
and Jiangsu Provinces still dominates the overall core spatial structure, it is evident that
there has been an increase in the connectivity among provinces, the gravitational value has
shown exponential growth, and the growth rate of the gravitational value in the western
region is significantly higher than that in the central and eastern regions.
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Figure 4. Spatiotemporal trend of regional economic connections at provincial scale in the Yangtze
River economic belt.

3.4. 110 Cities

Examining the spatial relationships between economic disparities is the main goal
of the examination of the evolution of these disparities in 110 cities. The worldwide
autocorrelation for the GDP aggregates of the 110 cities, as well as the 11 provinces, and the
GDP aggregates of the 110 cities in the Yangtze River economic belt exhibit positive global
autocorrelation, as indicated by the positive Moran’s I index over the 20-year period. The
study interval can be specifically divided into two time periods; the first stage, which spans
from 1999 to 2006, shows that the correlation is increasing because the global autocorrelation
Moran’s I index is in the rising stage. The second stage, which spans from 2007 to 2018,
shows that the correlation is increasing. The worldwide autocorrelation of Moran’s I index
is dropping in the second stage, which spans 2007 to 2018, suggesting that the correlation
is currently weakening. The Z value’s fluctuation and change features during the 20-year
period are all more than 1.96, which is entirely compatible with the I index. This suggests
that the 110 cities” GDP aggregate shows clear clustering characteristics.

Positive correlation agglomeration dominates the type of spatial correlation at the city
scale, with the high-high type holding an entirely dominant position, as shown by the
LISA agglomeration map of the 110 cities” GDP totals (Figure 5). In terms of geography,
the high-high type (diffusion type) is primarily found in the east, making up 14.55% of
the total. With 5.45% of the total, the low—-low type (poor growth type) is mostly found
in the southwest. With a percentage of 2.73%, the low-high type (transitional type) is
primarily found in the eastern area, close to high—high type. With a percentage of 2.73%,
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the high-low type (polarized type) is mostly found in the western provincial capitals.
Compared to the total spatial perspective, there is less change in the time trend. The total
GDP of the 110 cities in the Yangtze River economic belt from 1999 to 2018 showed some
geographical correlation overall, with similar types clustered and distributed in a more
stable and spatially consistent manner. This suggests that the majority of highly developed
cities are located in western province capitals and eastern coastal areas, yet none of them
significantly affect the economies of nearby cities.

1999 2003

2007 2011

2015 2018

L 0 200400 800 1200 1600
- Km | Al | D i Ln H-L

Figure 5. Local autocorrelation trend of GDP at city scale in the Yangtze River economic belt.

Regarding the spatial characteristics of the economic network pattern of the 110 cities
(Figure 6), the average gravitational force between all nodes in the economic linkage
network is 42.99, and 1108 edges (or 8.75% of the total) are above the average value. A
total of 12,328 of them are less than 200.55, making up 97.41% of the total; 244 are between
200.56 and 941.70, making up 1.93%; 62 are between 941.71 and 2591.95, making up 0.49%;
12 are between 2591.96 and 5838.13, making up 0.095%; and the remaining 12 are greater
than 5838.14, making up 0.08%, are present. The 110 cities’ gravitational values vary by an
order of magnitude, with Shanghai, Suzhou, and Wuxi having the greatest gravitational
connections, compared to other locations. Despite the complexity of the economic network
connecting the 110 cities in the Yangtze River economic belt, polycentricity still seems to
be a defining feature of the network structure. In general, a spatial structure has been
developed, with the major core being the Chengdu—Chongqing city cluster, the Yangtze
River Delta city cluster, and the city cluster in the middle reaches of the Yangtze River.
The network structure is then progressively strengthened from west to east. The strength
of the economic ties amongst the 110 cities in the Yangtze River economic belt is largely
determined by their spatial distance from one another; the ties within the Yangtze River
Delta city cluster in the east are more tightly knit than those in the country’s central and
western regions, and the ties between the eastern and central regions are stronger than
those between the two regions.
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Figure 6. Spatiotemporal trend of regional economic connections at city scale in the Yangtze River
economic belt.

The economic gravitational attraction between the 110 cities has been growing over
time. From 1.77 in 1999 to 237.17 in 2018, the overall average value climbed year over
year, while the extreme value ratio reached 133.99. The gravitational force value’s growth
rate has varied in a wave-like manner, increasing and then falling. It is currently lower
in 2018 (18.24%) than it was in 1999 (22.04%). The core spatial structure of the Yangtze
River economic belt as a whole has gradually changed over the past 20 years, with closer
economic ties within the Yangtze River Delta city clusters, the city clusters in the middle
reaches of the Yangtze River, and the Chengdu—-Chonggqing city clusters, as well as gradually
strengthened ties between the city clusters. Overall, the growth rate of the gravitational
value of the three regions is the western region > central region > eastern region. It can
be stated that the eastern region’s radiation power, which is moving from agglomeration
to diffusion, is progressively reaching the central and western regions. Meanwhile, the
Chengdu—Chonggqing city cluster and the city clusters in the middle reaches of the Yangtze
River serve as the primary links and bridges, and they are essential to the process of the
economic links” graded radiation.

4. Discussion
4.1. Research Perspective

Many academics have conducted extensive research in recent years, using a range of
techniques and viewpoints, drawing on pertinent theories of regional economic growth,
as well as the unique circumstances surrounding the development of the Yangtze River
economic belt. The Yangtze River economic belt, which spans the three main regions
of eastern, central, and western China, is distinguished by notable regional economic
disparities in terms of economic development. Scholars have studied the Yangtze River
economic belt’s economic strength [31], total factor productivity [32], and industrial energy
efficiency [33], etc. Using techniques like spatial autocorrelation [35], Theil’s index [34],
and others, scholars have examined the spatial organization, traits, and development of the
urban economic network [39].

Looking through the body of literature, it is clear that the study of differences in eco-
nomic development and urban economic networks has developed into a well-established
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field of study, both domestically and internationally. Scholars have made significant contri-
butions to the theoretical underpinnings and research methodologies of the field, but they
tend to focus on qualitative research and analyze social structures and policies. Deficits
include a single measuring index, a brief study term, and a research area that is limited
to specific economic groupings, specifically for the Yangtze River economic Belt. There
is a long way to go before there is an integrated development pattern, with signs of frag-
mentation and unbalanced development prominent. The Yangtze River economic Belt
has been developing quickly in recent years, and the comprehensive three-dimensional
transportation corridor is gradually taking shape. However, there are noticeable differences
in resource endowment and economic development among different regions within the
belt. This offers potentially creative concepts and serves as a crucial point of reference and
a central concern for the research.

4.2. Scale Characteristics

Finding the best places to assign controls and maintain them in the future is crucial.
Research has indicated that small spatial scale data pieces are useful for improving the
accuracy of major source identification [30]. This study discovered that the use of city-scale
data in this study can more successfully identify major economic districts when compared
to provincial-scale data.

The 11 provinces’ economic network structures are characterized by a monocentric
structure that is progressively stronger from west to east, with the provinces of Shanghai
and Jiangsu dominating it. The 11 provinces are more closely connected to one another, the
gravitational value is growing exponentially, and the growth rate of gravitational value
in the western region is much higher than in the central and eastern regions. However,
the core spatial structure is not changing temporally. The network structure of 110 cities is
polycentric in nature, with the Chengdu-Chonggqing city cluster, the Yangtze River Delta
city cluster, and the city cluster in the middle of the Yangtze River forming the main core.
The network structure is strengthened progressively from west to east. The economic ties
within the Yangtze River Delta city cluster, the Chengdu—-Chongqing city cluster, the city
cluster in the middle reaches of the Yangtze River, and the links between the city clusters
have all gotten stronger over time. The economic gravity between the 110 cities has been
rising over time, with the growth rate size of the western region > central region > eastern
region. The Chengdu—Chongging city cluster and the city cluster in the middle reaches of
the Yangtze River act as the main bridges and links, playing a crucial role in transferring
the graded radiation process of the economic links. The radiation power of the eastern
region is gradually spreading from agglomeration to diffusion to the central region and the
western region.

This is consistent with Zhao, who reported that the administrative area has been
reduced at the city scale [30]. Generally, research conducted at the city scale is more
effective in identifying and optimizing the control area compared to the provincial scale.

4.3. Future Development

There is an increasing degree of economic cohesion among the city clusters of
Chengdu-Chongqing, the Yangtze River Delta city cluster, and the middle reaches of
the Yangtze River city cluster. Distinct cities should choose distinct growth pathways in or-
der to better propel the Yangtze River Economic Belt’s coordinated economic development.
Cities should maximize their comparative advantages, lower factor costs, increase indus-
trial competitiveness, and efficiently support both quick and sustainable economic growth.
They should also adjust to their unique endowment structures. Simultaneously, the growth
of industrial clusters can both positively stimulate their own economic development by
giving them a competitive edge and serve as a platform and carrier for other cities looking
to incorporate into their own economic development [40].

Building stronger industrial and economic ties with their peers and superiors, as well
as actively assimilating into their industrial clusters to share the benefits of their shared
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industrial and economic development, are crucial steps that various cities can take to
advance their own economic development. Higher-level cities have a greater positive
spill-over impact on their own economic development than peer cities do in the synergistic
network of economic development with other types of cities [41].

Furthermore, regardless of the type of economic activity a city engages in, it should
actively create or take the initiative to join the synergistic industrial networks and clusters
of regional urban economic development. This will help to foster the integration and
natural extension of comparative advantages, with the endowment structure serving as
a logical starting point, and competitive advantages, with the development of industrial
clusters acting as a carrier. Finally, economic synergy will help to realize sustainable and
stable development by creating a positive feedback loop [42].

5. Conclusions

Four scales are used in this study to quantitatively assess the regional socioeconomics;
the Yangtze River Economic Belt as a whole, three major regions, 11 provinces, and 110 cities.
This study examines two aspects, the economic differences and the structure of the eco-
nomic network. It overcomes the short time scale and the perspective of largely economic
subgroups of previous studies and focuses on problems like fragmentation and disequilib-
rium. The following are the primary conclusions:

(1) From 1999 to 2018, the Yangtze River economic belt’s overall GDP exhibited a con-
sistent annual growth trend. While the relative gaps are more stable, the absolute
regional economic differences typically show a trend toward growing;

(2) Although the order of the three major areas’ overall economic volume and share is
eastern region > central region > western region, the growth rate and share trend is
really the exact opposite. The process of initially increasing and then diminishing has
been observed in the intergroup differences in the total GDP. The central region has
the smallest variation in total GDP, while the western region has the largest;

(38) There is an increasing trend in the absolute differences in the total GDP of the
11 provinces, with the trend increasing from west to east. The 11 provinces” combined
GDP exhibits positive global autocorrelation and clear local spatial autocorrelation,
but it has little effect on the surrounding areas due to radiation. The 11 provinces’
economic network is monocentric, with a focus on Shanghai and Jiangsu. The net-
work’s structure gradually gets stronger from west to east, with the gravitational
value growth rate in the western region being significantly higher than in the central
and eastern regions;

(4) The 110 cities” total GDP exhibits both clear local spatial autocorrelation and positive
global autocorrelation; additionally, the spatial agglomeration impact is stronger at
the province scale than it is at the city scale. The city clusters in the middle reaches
of the Yangtze River and Chengdu—-Chonggqing city cluster act as the main bridges
and links, and play a crucial role in the transmission of the graded radiation process
of economic links. The economic network indicates that the radiation power from
agglomeration to diffusion in the eastern region is gradually spreading to the central
and western regions.
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