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Abstract: The purpose of this paper is to probe into the coupled coordination of urbanization in
population, land, and industry to improve urbanization quality. A coupled coordination degree
model, spatial analysis method and spatial metering model are employed. The study area is 110
prefecture-level cities in the Yangtze River Economic Belt. The study shows that: (1) the coupling
degree of the population-land-industry urbanization grew very slowly between 2006 and 2016. On
the whole, the three-dimensional urbanization is in a running-in period, and land-based urbanization
dominates, while population-based urbanization and industry-based urbanization are relatively
lagging behind. (2) The three major urban agglomerations, the Chengdu-Chonggqing, the middle
reaches of the Yangtze River and the Yangtze River Delta, are parallel to the whole area in terms of
the coupling degree of the three dimensional urbanization with a well-ordered structure, especially in
the central cities of the three major urban agglomerations. (3) There is significant spatial correlation in
the coupling degree and coordination degree of the three-dimensional urbanization. The high value
of coupling degree and coordination degree are clustered continuously in developed cities, provincial
capitals, and central cities of the downstream reaches of the Yangtze River. (4) The coordinated degree
has significant positive spatial autocorrelation, showing obvious spatial agglomeration characteristics:
H-H agglomeration areas are concentrated in the downstream developed areas such as Jiangsu,
Zhejiang, and Shanghai. L-L agglomeration areas are mainly concentrated in upstream undeveloped
areas, but the number of their cities shows a decreasing trend. (5) The coordination degree of the
three-dimensional urbanization is the result of the comprehensive effect of economic development
level, the government’s decision-making behavior, and urban location. Among them, the economic
development level, urbanization investment, traffic condition, and urban geographical location
play a decisive role. This paper contributes to the existing literatures by exploring urbanization
quality, spatial correlation and influencing factors from the perspectives of the three-dimensional
urbanization in the Yangtze River Economic Belt. The conclusion might be helpful to promote the
coupling and coordinated development of urbanization in population-land-industry, and ultimately
to improve urbanization quality in the Yangtze River Economic Belt.

Keywords: population-land-industry urbanization; model of coupling coordination; spatio-temporal
characteristics; driving mechanism; Yangtze River Economic Belt

1. Introduction

The non-agriculturalization of the population, land, and industry comprehensively
drive urban and rural development, and the evolutionary relationship among them is
also an important basis for measuring the characteristics of the stages of urban and rural
transformation [1]. The promotion of urbanization depends on the non-agricultural de-
velopment of land and industry. However, the non-agriculturalization of population is
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not based on the coordinated development of the non-agriculturalization of industry and
land, which is a pathological and unsustainable form of development [2,3]. The report of
the 19th National Congress of the Communist Party of China (CPC) clearly states that the
principal contradiction facing Chinese society has evolved. What we now face is the contra-
diction between unbalanced and inadequate development, and the people’s ever-growing
need for a better life. Among them, the biggest imbalance in terms of development is the
imbalance between urban and rural development. The biggest development insufficiency
is the insufficient development of agriculture and rural areas [4]. In urban and rural devel-
opment, population and industry are converging on cities and towns. Rural land has been
transformed into urban construction land, which causes population levels, industry, and
land urbanization to gradually improve. Land non-agriculturalization is a common process
of industrialization and urbanization [5-7]. The loss of cultivated land caused by land
non-agriculturalization has become a global phenomenon with the rapid growth of the
economy and population [8,9]. In particular, the increase in non-agricultural growth has
further led to the expansion of residential areas in neighboring areas, the destruction of the
surrounding areas and the spread of cities [10-12]. Therefore, land should be maintained
by agricultural use or converted to construction land, which has been the focus of the rural
school and urban school debate [13]. However, excessive non-agriculturalization of arable
land has a huge impact on agricultural output and quality of urbanization. As a result,
China, Japan, the United States and other countries have been trying to protect farmland
and have formulated a series of policies to protect the cultivated land in case of excessive
non- agriculturalization [14-16]. Over the past 40 years of reform and opening up, China’s
rapid urbanization, with its massive population transfer and rapid expansion of urban
land, has been widely attended by scholars at home and abroad [17,18]. Land urbanization
is occurring faster than population urbanization. This has resulted in some problems, such
as the increasing number of amphibious migrant workers, the destruction of the ecological
environment, an imbalance between urban and rural development, and the wasting of
resources [19]. This has not only affected the further development of urbanization in China,
but also the transformation of urban and rural society. In this critical period, when China is
implementing a rural revitalization strategy and promoting new urbanization, the problem
of how to promote the coupled development of population-land-industry urbanization
(PLIU) is a major issue that needs to be solved urgently by the Chinese government. This
subject is also a focus of academic circles.

In recent years, scholars have taken great importance to the phenomenon of urban
sprawl. The ideas of urban control such as the compact city, smart growth, and urban
growth boundary have been proposed and aroused the urban development model of
urban control, and the relationship between land expansion and population growth [20,21].
Deciding how to ensure the coupled coordination of urbanization in population, land
and industry has become the key to the improvement of urbanization quality. Many
scholars have done a significant amount of theoretical and empirical research into the
coordinated development of the population, land, and industry urbanization. The related
research is mainly concentrated in the urbanization of population and land [22,23], as well
as the development relationship between population and industry urbanization [24,25],
industry and land urbanization [26,27], population and jobs [28,29] and the population-
building mismatches [30,31]. The scope of this research includes the urbanization theory
of population, land and industry [32], spatial patterns [33], coupling coordination [34],
driving factors [35], and policy regulation [36]. Results of some studies indicate how land
mismatches have frequently resulted in a considerably high rate of greenfield conversion
to urban use, causing landscape fragmentation and biodiversity loss, and reducing the
availability of buildable land [37,38]. The uncoordinated development of population, land,
and industry will have a negative impact on urban sustainability [1].

The relationship between population, land, and industry in the process of urbaniza-
tion should be scientifically coordinated, so as to promote new urbanization and realize
urban-rural integration [1,39,40]. Given the above, in the past several years, these schol-
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ars have broadly discussed the coordination degree methods and their empirical PLIU
results. Taking the Beijing-Tianjin-Hebei region as an example, He & Shao (2018) used
the coupling coordination degree model to measure the coordination of PLIU based on
an evaluation of population, land, and industrial urbanization. The study concluded that
the development of PLIU in the Beijing-Tianjin-Hebei region was not coordinated, and a
serious spatial heterogeneity phenomenon exists [41]. Zhang et al. (2019) measured the
level of PLIU in China, using the Hawking model to analyze the co-evolution mechanism
and path of PLIU. The study found that China has formed a trend of PLIU coordinated
development, but the country needs to further strengthen its industry and economy-driven
society and promote the coordinated development of China’s urbanization [42]. Li et al.
(2018) used the structural vector auto-regression model to make an empirical analysis of
the dynamic influence between Beijing’s PLIU systems. The study concluded that land
urbanization can support the healthy and benign development of population and industrial
urbanization [43]. The theory and empirical results of these studies constitute a base for
coordination development of land, population and industry urbanization policies oriented
toward sustainability of city and rural integration.

In conclusion, these studies showed that a significant spatial difference exists in the
coupling and coordination degree for PLIU, and some regions have shown a trend of
coupling and coordinated development. However, on the whole, the coordination of
population-land-industry must be further improved. The driving mechanism and policy
support for the coordinated development should be further explored, and the scale of
the research needs to be further refined. In addition, there is also a lack of detection
of the correlation between coordinated development and spatial location, and a lack
of description of the spatial correlation of coordination degree distribution in previous
researches. Geographical entities always show a certain spatial relevance, as Tobler’s First
Law of Geography points out, everything is related to everything else, but near things are
more related to each other [44]. Spatial autocorrelation analysis is an analytical method
to test whether the observed value of a certain point in space is correlated with the value
of its adjacent points. At present, spatial autocorrelation theory and method have been
applied in biology [45], ecology [46], epidemiology [47], social science [48], criminology [49],
genetics [50], etc., and it has proven to be an effective method to study spatial differentiation
and spatial patterns. In view of this, taking one of China’s most important strategic
regions, namely the Yangtze River Economic Belt (YREB), as an example, this paper uses
a coupling coordination degree model, spatial analysis, and a spatial metering model to
discuss the spatial-temporal coupling of PLIU and its driving mechanism. Population,
land, and industry urbanization panel data from 2006 to 2016 are used. The results can
provide theoretical and practical guidance for the coordinated development of PLIU in the
YREB, thereby enriching existing research content related to regional development and
economic geography.

The remainder of this paper is structured as follows: this section introduces the
background and literature review. Section 2 presents the study area and data recourse.
Section 3 introduces the research methods, and Section 4 reports the research results. The
final section contains the discussion and conclusions.

2. Materials and Methods
2.1. Study Area

Since the State Council issued the “Guidance on Promoting the Development of the
Yangtze River Economic Belt by Relying on the Golden Waterway” in September 2014,
the development of the YREB has attracted extensive attention from the international
community. In September 2016, the “Outline of the Development Plan for the Yangtze
River Economic Belt” was officially issued. The document depicts the grand blueprint
for the development of the YREB from a planning background, taking into consideration
the general requirements, protection of the ecological environment, innovation-driven
industrial transformation and upgrading, and promotion of new urbanization. The outline
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also looks at building a new pattern of all-round opening, an innovative system of regional
coordinated development mechanisms, safeguard measures, etc. This guide also provides
a significant policy support for exploring the coordinated development of PLIU in the
YREB. The YREB covers the eastern, central, and western regions of China, including
Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan, Yunnan,
and Guizhou, with 11 provinces and cities (Figure 1).
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Figure 1. The map of the study area.

The YREB covers an area of approximately 2.05 million square kilometers, accounting
for 21% of the national total; the area’s population and economic aggregate both exceed
40% of the national total. By the beginning of 2018, the urbanization rate was 58.3%, and
the GDP was 45.2% of that of the entire country; the added value of the three industries
accounted for 43%, 50%, and 43.7% of the national total, respectively. The YREB consists of
the three major urban agglomerations in the Chengyu urban agglomeration, the middle
reaches of the Yangtze River urban agglomeration, and the Yangtze River Delta urban
agglomeration. The area has important ecological status, comprehensive strength, and
huge development potential, and is now undergoing a rapid transition, evolving from a
rural society into an urban society. The area’s development is faced with such problems
as a severe ecological situation, unbalanced regional development, industrial transforma-
tion and upgrading, and an incomplete regional cooperation mechanism [51,52]. This
provides a typical region for exploring the coordinated development of PLIU. The spatial
heterogeneity of the region has great theoretical value and practical significance to the
spatiotemporal coupling characteristics and driving mechanism of PLIU. The results can
provide a theoretical reference for the coordinated development of PLIU in the YREB, for
the government to improve urbanization quality and realize the coordinated development
of regional economy.

2.2. Data Source

The data used in this paper are mainly from the China Urban Statistics Yearbook,
China Regional Economic Statistics Yearbook and China Urban Construction Statistics
Yearbook, 2006-2017. Partial data are obtained by sorting out the above data. However,
data were missing in some cities, due to the adjustment of administrative divisions. For
example, Chaohu City in Anhui Province was not included in the study. Finally, 110
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prefecture-level cities (dijishi) were selected as research objects. According to the definition
of population, land, and industrial urbanization, and based on previous studies [38,39],
this paper selects the proportion of non-agricultural population in the total population
to represent the population urbanization level (Ui). In addition, the proportion of urban
built-up area in the total urban area is selected to represent the land urbanization level
(Li), and the proportion of the city’s secondary and tertiary industries in terms of GDP is
selected to represent the level of industrial urbanization (I7).

2.3. Methods
2.3.1. The Coupling Coordination Degree Model of PLIU

Population urbanization, land urbanization, and industrial urbanization are three
subsystems that are interconnected, and which influence each other in the process of
urbanization. The coupling coordination relationship between them is analyzed by means
of the coupling coordination degree model. The specific model [1] is as follows:

Ti = alli + bLi + cli
Ci=3{(UixLix 1i)/(Ui+Li+1i)3} )
Di = (Ci x Ti)?

[N

where Ti is the comprehensive evaluation index of the urban i in the PLIU system; 4, b, and
c are the weights of each subsystem, respectively (the paper thinks that population, land,
and industrial urbanization are equally important, so all are taken as 1/3); Ui, Li, Ii are the
urbanization levels of population, land and industry, respectively, and Ci is the coupling
degree of PLIU in city i, representing the linkage intensity of the interaction among PLIU.
The Ci value range is [0,1]. The greater the value is, the higher is the coupling degree.
When the value is 1, the coupling degree is the best; when the value is 0, the coupling
degree is the worst. The coupling coordination degree is the overall evaluation of the
three coordinations on the basis of coupling degree. Finally, Di represents the coupling
coordination degree, which represents the coordinated development level of PLIU. The
value range of Di is [0,1], and the greater the value is, the higher the coordination degree
will be. According to relevant studies [53,54] and the actual situation, the coupling degree
is divided into four types (Table 1), and the coordination degree is divided into five types
(Table 2).

Table 1. Classification of PLIU coupling degree.

Coupling . . .
Degree Coupling Types Coupling Characteristics
. PLIU systems start to play games with each other, which is
Low coupling . . ¢ .. .
C €[0,04) eriod in a low-level coupling period and is in an irrelevant state
p with disordered development.
Antagonism The interaction of the PLIU system has been strengthened,
C €1[0.4,0.6) erio;gzl and the structure of the urbanization system needs to be
p further optimized.
The PLIU system begins to balance and coordinate, but land
C€[0608) The running-in urbanization is still in the dominant position, while the
o period development of population and industrial urbanization
lags behind.
The benign coupling trend between population, land and
Cel081] Coordinated industrial urbanization is gradually strengthened and
- coupling period develops in an orderly direction, which is the stage of

high-level coupling.
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Table 2. Classification of PLIU coordination degree.

Coordination Coordination -
Characteristics
Degree Types
D € [0,03) Incoordination The PLIU system is in a state of disharmony, and the

structure is in a state of disorder.

The PLIU system starts to develop towards a
D € [0.3,0.45) Low coordination  coordinated coupling direction, but the coordination
degree is low.

Moderate The PLIU system is in a state of collaborative evolution,

D e04506) coordination but the response sensitivity is relatively slow.

The PLIU system is in a high level of synchronous
cooperation, and the inter-system structure has been
greatly improved.

Higher

D € [0.6,0.75] coordination

The PLIU systems promote each other, and the
D €[0.75,1] High coordination  urbanization system realizes coordinated and
consistent development.

2.3.2. The Driving Mechanism of PLIU Coordinated Development

The non-agriculturalization of the population, the expansion of construction land area
and the transformation of industrial development are all important bases for promoting
the high-quality development of China’s urbanization. Past studies [36-38] have shown
that, as a complex system, the coordinated development level of urbanization is driven
by the economic development level, the government’s decision-making behavior, urban
location, natural environment, and other factors (Figure 2).

Structure and function
of land urbanization

Coordinated development
of population-land- industry
urbanization

Structure and function
of industry urbanization

Structure and function
f population urbanizatior

Impaction and feedback

Driving
force

Economic Decision of
environment

development government

’ Natural

‘ ’ Urban location ‘ ’ Other factors ‘

Figure 2. The driving mechanism of PLIU coordination development.

On the basis of relevant studies, the following assumptions are made:

(1) Economic development is an important driving force of non-agriculturalization,
urban land expansion, and industrial development and its coordination, all of which has a
significant effect on the coordinated development of urbanization.

(2) The government’s decision-making behavior will significantly affect the resource
allocation among cities and between urban and rural areas, including infrastructure facili-
ties, medical and educational resources, and public service resources. These allocations
will further affect population flow and industrial development.
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(3) Urban location and natural environment play a dual role in urban development.
Favorable location conditions will attract more population and more industry, thereby pro-
moting land urbanization and the coordinated development of urbanization. Meanwhile,
unfavorable location conditions will limit urban development and adversely affect the
coordination of population, land, and industrial development. To sum up, the coordination
degree of PLIU is taken as the dependent variable; independent variables are selected to
explore the driving mechanism from the three aspects of economic development level, the
government’s decision-making behavior, and urban location. Specific indicators are shown
in Table 3. Four indicators were selected to represent the level of economic development,
including GDP per capita, GDP per unit area of land, the proportion of tertiary industry
in GDP, and per capita financial income. Three indicators, including fixed assets invest-
ment, number of teachers per 10,000, and the number of hospital beds per 10,000 people,
were selected to refer to the government’s decision-making behavior. Three indicators,
namely green coverage rate of urban built-up areas, urban road area per capita, and city
dummy variable, were selected to represent urban location conditions. Among them, the
city dummy variable is represented by the geographical location conditions of the city,
such as the topography, the terrain, whether the city is a special economic zone, whether
it was a coastal area, and other geographical location conditions of the city, etc., and is
scored accordingly.

Table 3. Explanatory variables.

Influence Factors Indexes Units Index Significance
C1 GDP per capita Ten thousand yuan/person Representmg the average level of
economic development
C2 GDP per unit area One hundred million Representing the level of economic
Economic development of land yuan/hm? development and the density of output
level C3 The proportion of o Representing the state of the
tertiary industry in GDP ’ economic structure
.C4 P.er capita Ten thousand yuan/person Representing government revenue
financial income
C5 Fixed assets One hundred million Representing the strength of
investment yuan/hm? government investment
The government’s C6 Number of teachers Rep resen_tmg the intensity of
.. . . Person investment
decision-making behavior per 10,000 . .
in education
C7 Number of hospital Zhan Representing the intensity of
beds per 10,000 people & investment in health care
C8 Green coverage rate o Representing the urban ecological
in urban built-up areas ? environment
Urban location conditions © Urbar;;;iz:lt(;l area pet m? /person Representing the urban traffic condition
C10 City dummy 0-6 Representing the urban geographical
variable location conditions

Note: The city dummy variable represents the topography, or the terrain of the city, and whether the city is a special economic zone, as well
as whether the city is a coastal area and other geographical location conditions of the city, and is scored accordingly.

2.3.3. Spatial Metrological Analysis Based on ArcGIS and GeoDa

In spatial data analysis, it is often necessary to determine whether or not identifiable
spatial patterns exist. There are many ways to test for the existence of these patterns; per-
haps the most popular is Moran’s I statistic, which is used to test the null hypothesis that
the spatial autocorrelation of a variable is zero. If the null hypothesis is rejected, the variable
is said to be spatially autocorrelated [55]. GeoDa, a free software program intended to
serve as a user-friendly and graphical introduction to spatial analysis for nongeographic in-
formation systems (GIS) specialists. It includes functionality ranging from simple mapping
to exploratory data analysis, the visualization of global and local spatial autocorrelation,



Land 2021, 10, 400

8of 17

and spatial regression. A key feature of GeoDa is an interactive environment that combines
maps with statistical graphics, using the technology of dynamically linked windows [56].
This paper uses spatial autocorrelation and spatial regression analysis of GeoDa to reveal
the spatial correlation characteristics and the driving mechanism of PLIU coordinated
development in YREB.

Spatial Autocorrelation Analysis

Spatial autocorrelation analysis is used to analyze whether there is significant correla-
tion between the same attribute value of each spatial location and its surrounding location
within the scope of the study area. It includes tests and visualization of both global (test
for clustering) and local (test for clusters) Moran’s I statistic. The global test is visualized
by means of a Moran scatter plot, in which the slope of the regression line corresponds to
Moran’s I [57]. Global autocorrelation refers to the comprehensive level of correlation of
the same attribute in adjacent locations, which is usually measured by the global Moran’s
I index. Local analysis is based on the Local Moran statistic, visualized in the form of
significance and cluster maps. Local spatial autocorrelation is used to analyze the regional
scale, the spatial location, and the respective levels of the correlation of adjacent positions
around the same attribute values. It uses Local Moran’s I index to measure; on this basis,
LISA (Local Indicators of Spatial Association) clustering diagram is used to show the spatial
agglomeration and discrete characteristics of coordinated development.

Spatial Regression Model of PLIU Coordinated Development

The coordination index of PLIU in the YREB has significant spatial correlation. This
paper constructs the adjacent spatial weight matrix of the first order rook in the ArcGIS10.4
in order to make up for the insufficiencies of the traditional measurement model. Then, a
common least squares regression model (OLS), a spatial lag model (SLM), and a spatial
error model (SEM) are used to make a regression analysis of PLIU by GeoDa. The optimal
model is analyzed by the spatial dependence test [58], SLM mainly considers spatial
autocorrelation on the basis of traditional panel model and can measure the interaction of
different spatial individuals. The basic model is as follows:

N
it = 0)_ Wijyje + BXit + pi + €it ()
=1

where ¢ is the spatial autocorrelation coefficient, which represents the interaction between
spatial individuals; W is the spatial weight matrix;i=1,2,3, ..., N, is the individual on the
cross section (a certain region, range); t = 1, 2, 3, ..., T, is the time point (a certain moment)
in the time series; y; is the explained variable in region 7 and time ¢; Xj; is the explanatory
variable in region 7 and time ¢; y; is the effect of spatial individuals, reflecting the spatial
characteristics that are not affected by time; 5 is the regression coefficient; ¢;; is the random
error term, which is related to both time and space, and its mean is 0, and its variance is a2,
independently identically distributed.
The basic form of SEM is as follows:

Yie = BXit + pi + @i
N

Pit = P,Zl Wijpir + €it
j=

®)

where p is the spatial autocorrelation coefficient, reflecting the degree of spatial correlation
between regression residuals; ¢;; is the spatial error of autocorrelation; W is the spatial
weight matrix; i =1, 2,3, ..., N, is the individual on the cross section (a certain region,
range); t =1,2,3, ..., T, is the time point (a certain moment) in the time series; y;; is the
explained variable in region i and time ¢; Xj; is the explanatory variable in region i and
time ¢; y; is the effect of spatial individuals, reflecting the spatial characteristics that are
not affected by time;f is the regression coefficient; ¢;; is the random error term, which is
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related to both time and space, and its mean is 0, and its variance is a2, independently
identically distributed.

3. Results
3.1. Spatio-temporal Characteristics of PLIU Coupling Degree

According to the above models and methods, the coupling degree of PLIU in the
YREB from 2006 to 2016 is calculated. The spatial distribution diagram of the coupling
degree is drawn through ArcGIS10.4 (Figure 3). Then, the spatiotemporal characteristics of
the coupling degree development are analyzed.

Coupling degree

Jo-o04
Eoi-06 o 150  300km
Il os-os B
B os
D No Data

Figure 3. Spatial distribution of PLIU coupling degree in the YREB from 2006 to 2016.

In terms of time scale, the coupling degree increased slowly, from 0.661 in 2006, to
0.681 in 2016, representing an increase of 3.7% in 11 years and an average annual increase
of less than 0.4%. In 2016, the average coupling degree was 0.681. This year belongs to the
running-in period, and there is still a large distance from the coupling coordination period.
According to the current coupling development trend, the YREB will be in a run-in period
for the next decades. That is, the population, land, and industrial urbanization will begin to
balance and coordinate, but land urbanization will continue to occupy a dominant position,
while population and industrial urbanization relatively lag behind. In terms of spatial
pattern, there is a distinct spatial differentiation in the coupling degree. Cities of high value
are mainly distributed in the developed areas, such as the Chengyu urban agglomeration,
the middle reaches of the Yangtze River urban agglomeration, and the Yangtze River Delta
urban agglomeration. The high value coupling zone is centered on the central city and
on provincial cities with developed economies, dense population, and strong industry.
This coupling zone will gradually diffuse and decrease outwardly in the form of circles.
Cities with a low coupling degree are mainly distributed in Guizhou, Hunan, and Yunnan.
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On the whole, the Chengdu-Chongqing urban agglomeration, the middle reaches of the
Yangtze River urban agglomeration, and the Yangtze River Delta urban agglomeration,
are in the period of running-in and coordinated coupling, and PLIU is beginning to form
good ordered structures. The central cities of the three urban agglomerations have formed
a benign coupling structure, and the surrounding cities are in the period of antagonism
and low coupling, with a striped distribution pattern. Land urbanization is absolutely
dominant; industry and population urbanization lag behind, and the structure between
urbanization systems needs to be further optimized in these urban areas.

3.2. Spatial-Temporal Characteristics of PLIU Coordination Degree

One need not only consider the effect intensity of PLIU, but also its overall coordina-
tion, in order to judge whether the transition of PLIU is reasonable. In terms of time scale,
the coordination degree experienced an obvious rising trend from 2006 to 2016. The average
level of coordination degree rose from 0.45 to 0.51, with an accumulative improvement rate
of 13.3% and an average annual increase of 1.2%. By 2016, the average level of coordination
degree was 0.51, which was a medium coordination state. According to this trend, the
YREB will be in a medium coordination state for the next decade. That is, the PLIU system
will be in a cooperative evolution state, but the response sensitivity is still relatively slow.
With regard to the spatial pattern (Figure 4), the coupling and the coordination degree of
PLIU presents a certain relevance.

. 2008

57 T % 0 A
o 7 3 ‘ 57 . ol ‘ g
£ ) £
‘}K s e. 2010 ‘t' . f.2011 ‘ e (A‘
* ¢ R - X o ; gt el s &
& 5 ' ; £ - e
:‘; - h :ﬂ: :} Y . mo»u q'”'*\_
Rty At ety AN S

1 - Ry

3 L 3 0-0.4
Rt

' 0.4 - 0.6 0 150 300 km
l Bl os o B ——

¢ o

No Data

Figure 4. Spatial distribution of PLIU coordination degree in the YREB from 2006 to 2016.

The high coordination and the high coupling area are roughly consistent, being
mainly distributed in developed cities, a provincial capital city, and the central city of
the downstream area. Moderate coordination and low-grade coordination are mainly
distributed in cities in the middle and upper reaches. Non-harmonious cities are mainly
distributed in the provinces of Yunnan and Guizhou. In general, the coordination is
characterized by the distribution of stripes, which are gradually decreasing from east to
west. The coordination degree of the upper reaches is the lowest, but the base is small, the
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potential for ascension is great, and the growth rate is faster. The coordination degree of
the middle reaches is moderate, and the growth is slower. The coordination degree of the
downstream cities is the highest, the base is large and the growth is slow. The coordination
of the YREB has been rising, and the difference is narrowing. Urbanization is also becoming
more coordinated and balanced.

3.3. The Spatial Correlation Characteristics of PLIU Coordinated Development

In order to reveal the spatial correlation characteristics of PLIU coordinated devel-
opment in YREB, GeoDA is employed to conduct global spatial autocorrelation and local
spatial autocorrelation analysis based on the coordinated development evaluation results
from 2006 to 2016.

3.3.1. Global Autocorrelation Analysis

The global Moran’s I index was adopted to analyze the spatial correlation level of
coordinated development, and the spatial weight matrix was constructed in the GeoDA
platform. Based on the coordinated development degree of 110 cities in the YREB in
11 years, the correlation level of coordinated development was calculated (Figure 5). In the
Figure 5, CD2006, CD2010, and CD2016 represent the autocorrelation level of coordination
degree in 2006, 2010 and 2016, respectively.

Moran' s I: 0.284611 Moran s I: 0.283033
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Figure 5. Moran’s I scatter plot of PLIU coordinated development in the YREB from 2006 to 2016.

The value range of Moran’s I index is [-1, 1]. The closer Moran’s L is to 1, the stronger
the spatial positive correlation is in this region. When Moran’s I is close to 0, there is no
spatial autocorrelation. The closer Moran’s I is to —1, the stronger the spatial negative corre-
lation is in this region. The coordinated development of Moran’s I index at 0.01 significant
level were 0.27, 0.28, 0.29 in 2006, 2010, and 2016, and it develops very stably. The results
show that the spatial autocorrelation is obviously positive, most of the points fall in the
first and third quadrants, and show the characteristics of concentration distribution, which
indicates that the coordinated development of the YREB has obvious spatial agglomeration.

3.3.2. Local Spatial Autocorrelation

Local Moran’s I index and LISA clustering diagram are used to explore the correlation
characteristics of local spatial correlation. According to the local Moran’s I index and Lisa
cluster diagram, the spatial correlation characteristics of PLIU coordinated development
in cities can be divided into five categories: “high-high” (H-H) aggregation, namely
high-value spatial clustering; “Low-low” (L-L) aggregation, namely low-value spatial
clustering; “High-low” (H-L) aggregation, i.e., the observed values of the surrounding
adjacent positions are much lower than the observed values of position i; “Low-high” (L-H)
aggregation, that is, the observed values at adjacent locations are much higher than the
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observed values at location i; “Not significant,” means the observed area is not correlated
with the surrounding area. Due to the long study period and relatively stable spatial
correlation, LISA clustering diagrams of 2006, 2010, and 2016 were selected to analyze the
local correlation characteristics of PLIU coordinated development in the YREB (Figure 6).

0 250 500 km
I T

Figure 6. LISA cluster map of PLIU coordinated development in the YREB from 2006 to 2016.
3.4. The Driving Mechanism of PLIU Coordinated Development

According to the coordination index and explanatory variables of PLIU, the common
least square regression model (OLS), spatial lag model (SLM), and spatial error model (SEM)
were used, respectively, to detect the driving factors of PLIU coordinated development. The
model selection was based on the spatial dependence test results. In the case of a significant
Moran’s I index, the IM-lag value was larger than the IM-error. Also, the IL-LM error
was significant, but the IR-LM error was not significant. Therefore, the SLM model was
selected. Conversely, the SEM model is selected [59]. According to the results of the spatial
dependence test (Table 4), the LM- error is more significant statistically than the LM-lag,
and the LL-LM error is significant, while the LL-LM lag is not. Therefore, one can conclude
that the SEM model has the best interpretation effect on the change of coordination degree.

Table 4. Spatial dependence test of PLIU coordinated development.

Spatial Dependence Test MI/DF VALUE PROB
Moran’s I (error) 0.2087 3.5927 0.0000
Lagrange multiplier (lag) 1 2.2551 0.1331
Robust LM (lag) 1 0.2120 0.6452
Lagrange multiplier (error) 1 9.8901 0.0016
Robust LM (error) 1 7.8470 0.0050
Lagrange multiplier (SARMA) 2 10.1021 0.0064
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In order to solve the problem of multicollinearity, the factor analysis method is used
to eliminate the relevant variables. C2, C3, C5, and C7 are deleted from the model, in order
to reduce the influence of heteroscedasticity, the paper take the logarithm of the explained
variable and then performed OLS estimation. The result of OLS estimation is as follows:
multicollinearity condition number is 25.05, test on normality of errors, p is 0.023, problem
of multicollinearity can be ignored. Breusch-Pagan test is 4.8177, p > 0.05, problem of
heteroskedasticity can be ignored. Adjusted R-squared is 0.7167, p is 0.02 < 0.05, the model
is significant. The coordination degree of PLIU is the result of multiple factors by SEM
(Table 5).

Table 5. Spatial regression results of PLIU coordination degree and impact factors in the YREB.

Variable Coefficient  Std. Error z-Value Probability
CONSTANT —1.4087 —1.4087 —10.1239 0.0000
C1 GDP per capita 0.0529 0.0090 5.8210 0.0000
C4 Per capita financial income 0.0206 0.0334 0.6193 0.5357

C6 Number of teachers per

10,000 people 0.0009 0.0005 1.5435 0.1227
C8 Green coverage rate in urban 0.0078 0.0035 2.1881 0.0286
built-up areas

C9 Urban road area per capita 0.0133 0.0077 1.7301 0.0836
C10 Urban virtual variables 0.0463 0.0233 1.9841 0.0472
LAMBDA 0.3488 0.1148 3.0376 0.0023

R-squared is 0.7600, the fitting degree of the model is very good; log likelihood is
64.6337, Sigma-square is 0.0175, Lambda is 0.0023 < 0.05, the model is significant. Mean-
while Breusch-Pagan test is 4.3384, p is 0.6310 > 0.05, problem of heteroskedasticity can
be ignored, the Value of Likelihood Ratio test is 8.5612, p is 0.0034, spatial error depen-
dence is significant. The driving mechanism of economic development, the government’s
decision-making behavior and urban location are as follows:

(1) The coordination degree of PLIU presents a significant positive correlation with
GDP per capita at the significance level of 1%, while per capita financial income has no
significant influence. GDP per capita represents the level of urban industrial development.
The impact of industrial development on the coordination degree is reflected in two aspects:
on the one hand, industrial development can absorb a large number of laborers, thus
promoting the transfer of rural population to urban areas and helping to realize population
urbanization. On the other hand, land urbanization supported by industrial development
has the ability to drive sustainable development and to promote the optimal allocation of
land. With the advancement of urbanization, land, industry and the labor force gradually
turning to high-tech and service industries, the utilization efficiency of factors will improve,
thus promoting the optimal allocation of population, land, and industrial resources, and
improving the coordination and sustainable development of urbanization.

(2) The coordination degree of PLIU is significantly positively correlated with green
coverage rate in urban built-up areas at the significance level of 5%, while the number
of teachers per 10,000 people has no significant influence. Green coverage rate in urban
built-up areas represents the government’s decision-making behavior. A good urban
environment is a great attraction to the population and industry.

(3) The coordination degree of PLIU is significantly positively correlated with urban
traffic condition at the significance level of 10%; there is also positively correlated with
urban road area per capita at the significance level of 10%. The urban dummy variable
has positively significant influence at the significance level of 5%. (@ Urban traffic is
an important component of population mobility and industrial transport. Good traffic
conditions will promote the flow of people, enhance the industrial connection between
cities, improve the efficiency of land use, strengthen the relationship between employment,
land, and industry, and coordinate the transformation of the population, land, and industry.
@ A city’s location has significant influence on the coordination of PLIU. The downstream



Land 2021, 10, 400

14 of 17

of the YREB, which is flat, is suitable for the development of industry and agriculture.
This area has attracted a large number of people and industry agglomeration, significantly
improving the urbanization level and coordination. Compared with the flat downstream
area, the upstream region, where the terrain has many ups and downs, is bigger but is not
conducive to the layout of industry and agriculture. As such, the upstream urbanization
lags far behind the downstream areas.

4. Conclusions and Discussion
4.1. Conclusions

(1) In terms of time scale, land urbanization occupies a dominant position, while
the development of population and industrial urbanization lagged behind from 2006 to
2016. The coordination degree of PLIU experienced an obvious rising trend but will be
in the running-in period for a long time to come. With regard to the spatial pattern, the
coupling degree of PLIU has obvious spatial differentiation. High coupling areas are
mainly distributed in the downstream developed cities, provincial capital cities, and central
cities. Low coupling areas are mainly distributed in middle- and upper-reach cities, while
non-harmonious cities are mainly distributed in the provinces of Yunnan and Guizhou.
In general, the coupling degree of the Chengdu-Chongqing urban agglomeration, the
middle reaches of the Yangtze River urban agglomeration, and the Yangtze River Delta
urban agglomeration are all in the period of running-in and coordinated coupling. The
population, land and industrial urbanization have begun to form a good orderly structure,
and the central cities have formed a benign coupling structure.

(2) The coupling and coordination degree of PLIU show a certain correlation in spatial
distribution. In addition, the regions with a high coordination degree and high coupling
degree are roughly consistent and are mainly distributed in downstream developed cities,
provincial capital cities, and central cities. Moderate and low coordination regions are
mainly distributed in cities in the region’s middle and upper parts, while non-harmonious
cities are mainly distributed in parts of Yunnan and Guizhou Provinces. The coordination
degree of the middle and lower reaches of the YREB is increasing, and the difference is
gradually narrowing; the urbanization process also gradually tends to be coordinated
and balanced.

(3) The coordinated development of PLIU in the YREB has significant positive spatial
autocorrelation, showing obvious spatial agglomeration characteristics from 2006 to 2016.
H-H agglomeration areas are concentrated in the downstream developed areas such as
Jiangsu, Zhejiang, and Shanghai. There are significant spillover effects such as regional
coordination in these areas, which improves the overall level of coordinated development
among regions. L-L agglomeration areas are mainly concentrated in upstream undeveloped
areas of Hunan, Sichuan, Guizhou, Yunnan provinces, but the number of their cities
shows a decreasing trend, indicating that their coordinated development situation is
gradually improving.

(4) The coordination degree of PLIU is the result of the comprehensive effects of urban
economic development level, the government’s decision-making behavior, urban location,
and other factors. The level of economic development, urbanization investment and urban
environment, traffic, and city geographical locations all play a decisive role. Therefore, the
following suggestions are proposed: ()Continue to promote the economic development
to ensure the coordinated development of regional economies. @)Strengthen investment
in urbanization. Improve urban environments to attract population and industry layout,
promoting the citizenization of population and upgrading of the industry. (3) In the process
of urbanization, pay closer attention to the urbanization of the “people”. Improve traffic
conditions to optimize land use, and to attract the population and industrial agglomeration,
promoting the transformation of land, population, and industrial urbanization.
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4.2. Discussion

The YREB is a good study area for probing into the coupled coordination of urban-
ization in population, land, and industry to improve urbanization quality. Taking the Belt
as an empirical area, this paper probed into the coordinated development of the urban-
ization of population, land, and industry. This study came up with some significative
conclusions. This paper contributes to the existing literatures. At present, obvious spa-
tial differences exist in the coupling and coordination degrees of PLIU in the YREB. The
Chengdu-Chonggqing urban agglomeration, the middle reaches of the Yangtze River urban
agglomeration, and the Yangtze River Delta urban agglomeration are in a state of high
coordination, while the coordination degree of PLIU in other regions has been and will
remain at a low level for a long time. Thus, compared to the existing research on land
and population mismatch, this study contributes to the existing literatures by exploring
urbanization quality, spatial correlation, and influencing factors from the perspective of
three-dimensional urbanization in the YREB. Regional coordinated development is a guar-
antee of high-quality development. The results of spatial correlation research can provide
reference for the government to formulate regional coordinated development policies in
the three major urban agglomerations—the Chengdu-Chongging, the middle reaches of
the Yangtze River and the Yangtze River Delta. As an important strategic region for China’s
development, the YREB should not only pay attention to the development of several core
city clusters; the coordinated development of surrounding cities should also be taken
into account. Only in this way can the quality of YREB urbanization be comprehensively
improved and can the YREB be transformed into a city belt with global influence.

In other words, population, land, and industry are the three core elements of urban-
ization. In this article, a coupled coordination degree model, spatial analysis method, and
spatial metering model are employed to probe into the coupled coordination of urbaniza-
tion in population, land, and industry. This research provides a theoretical reference for
the government’s formulation of differentiated policies aimed at improving urbanization
quality. However, the quality of urbanization is also affected by factors such as urban
governance, city size, and ecological environment. In the future, we will conduct further
studies on more dimensions to promote the coordination among various elements and
improve the quality of urbanization. In addition, we will continue to improve the model
and improve data in the future.
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