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Abstract: High urbanization quality, predominantly determined by the degree of internal coordinated
development, is the most important factor in promoting urbanization development. Based on the
panel data of 283 Chinese cities from 2007 to 2016, this paper analysed the internal coordination
degree, spatial distribution and spatiotemporal evolution of urbanization using the methods of range
standardization, entropy, and coupling and coordination models, as well as exploratory spatial data
analysis. We found the following results: (1) The internal coordination degree of China’s urbanization
was at a low level for a long time, but it presented a gradually increasing trend; (2) The internal
coordinated development of urbanization exhibited an obvious spatial agglomeration. Specifically,
it displayed a stepped pattern with a higher internal coordination degree in eastern China, a lower
degree in western China, and a spatial distribution with multi-centre agglomeration and diffusion.
(3) The spatial distribution of the internal coordinated development of urbanization was stable in
most regions of China, only changing in a few. (4) The growth rate of the internal coordination
degree of China’s urbanization presented the pattern of a dotted distribution, while the growth rate
in western China was higher than in central and eastern China. The spatiotemporal evolution relates
to the policies changes of China’s urbanization. In particular, the urbanization in China transfers
its focus from population transfer to the development of quality from 2007 to 2016. To promote the
sustainable and healthy development of China's new urbanization, Beijing-Tianjin-Hebei Region,
Yangtze River Delta and Pearl River Delta shall focus on accelerating the transformation of economic
development mode; The provinces located around the above three regions shall strengthen the
upgrading and promotion of basic public services. The northeast and central provinces shall speed
up the innovation of systems and mechanisms and gradually release the potential of urbanization
development by promoting the mobility of urban population, and the vast majority of provinces in
Western China shall further improve the spatial development potential for urbanization.

Keywords: urbanization; internal coordination degree; spatial distribution; spatiotemporal
evolution; China

1. Introduction

Since the implementation of the Reform and Opening Up in 1978, China’s urbanization has
made tremendous achievements, such that the urbanization rate has increased from 17.92% in 1978
to 58.52% in 2017, with an average annual growth of 1.04%. The process of China’s urbanization
development may be divided into four stages from 1978 to now. The first stage was from 1978 to
1991, which coincides with the beginning stage of China’s Reform and Opening up. In order to
promote the development of the rural economy, the government developed urbanization focusing on
the expansion of small and medium-sized towns by measures such as encouraging local and nearby
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employment for rural inhabitants. The second stage was from 1992 to 2001, which coincides with the
initial stage of China’s market economy. This stage witnessed soared economic development of the
eastern coastal areas of China. Economic development craved a labor force, for which the government
issued a series of related policies to promote the flow of rural surplus labor to large and medium-sized
cities, especially to those in the eastern coastal areas. Therefore, China’s urbanization scale further
expanded, but at the same time, the disparity of urbanization between eastern and western regions
has begun to widen. The third stage was from 2002 to 2011, which coincides with a period of rapid
development of China’s market economy. Although China’s urbanization at this stage was guided
under a direction of coordinated development among large, medium and small cities, in practice,
the disparity of urbanization among different regions has gradually widened due to the pursuit
of the expansion of large cities. The fourth stage was from 2012 to present, which coincides with
China’s fully deepening reforms. Since China’s urbanization has been developing in an unbalanced,
uncoordinated or unsustainable manner for a long time, this stage targeted high-quality urbanization
development. On the whole, formerly government-led urbanization development has gradually come
to be dominated by the market, and the market has played a decisive role throughout the process of
urban development in China.

However, although China has already entered a the stage of urban society from the perspective of
urban population, there are still a number of problems and contradictions in the process of urbanization
development [1,2], such as the inconsistency between population migration and land use, conflict
between urban layout and scale structure, the contradiction between economic development and
environment protection, and unbalanced public services between urban and rural areas [3,4]. In fact,
these issues result from weak internal coordinated development. Urbanization goes beyond population,
economy or space, and includes such factors as public services, ecological environment, and so
forth [5]. With urbanization covering various aspects, scholars now, taking a holistic view, argue
that urbanization mainly consists of subsystems including population, economy, public services,
ecology and space, and so forth [6–8]. Therefore, internal coordinated development of urbanization
is a complex system. Internal coordinated development of urbanization implies the coordinated
development of various subsystems such as the economy, public services and population. In other
words, it aims to maintain a coordination relationship, and achieve the coordinated development of
each and every subsystem inside the urbanization system through the interaction of these subsystems,
so as to push forward the steady development of urbanization. If one of the subsystems is seriously
backward compared with the others, it will lead to the unbalanced and unsustainable development of
urbanization, which will seriously restrict the overall development thereof. Taking a certain region
for an example, if it boasts a high development level in terms of economy, public services, and urban
scale, but its quality of ecological environment is poor, its internal system is out of tune and it can be
demonstrate weak internal coordination in terms of urbanization.

Currently, there is unbalanced development in population urbanization across all of the cities in
China [9]. If the disparity of internal coordinated development of China’s urbanization continues to
widen, it will result in more social and economic problems. Therefore, it is urgent to explore the internal
coordinated development and the spatiotemporal evolution of China’s urbanization. The purpose
of this paper is to evaluate the degree of interaction among urbanization internal subsystems, that
is, the internal coordination degree of urbanization, on the basis of building an indicator system of
internal coordinated development of urbanization. Furthermore, it analyses the spatial and temporal
evolution for the internal coordination degree of urbanization in various cities from the perspective of
areal distribution. This research could provide a corresponding theoretical guide for the creation of
a macro-urbanization policy in China, also recommending policies that will improve the quality of
urbanization in the future.
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2. Literature Review

2.1. Coordination Between Urbanization and Economic Development

Previous research showed that there was a coordination relationship between urbanization and
economic development. On the one hand, a number of researchers believed that urbanization can
significantly promote economic development [10–12]. For instance, Arvin found that the continuous
development of urbanization played an important role in promoting the economy in the G20 from 1996
to 2012 [13]. Bao found that the comprehensive contribution rate of urbanization to economic growth
was as high as 30% from 1997 to 2011 in China [14]. Furthermore, researchers have also insisted that
the effect of urbanization on the economy exhibited a characteristic of spatial distribution because of
regional differences. The economy will grow at 0.2% if there is 1% growth of urbanization in regions of
China with middle and high income, while there is no effect in the lower-income regions [15].

On the other hand, many researchers who discussed the impact of economic development on
urbanization believed that rapid economic development had a great influence on promoting urban
development. For instance, Park’s study on the Mongolian Plateau [16] and Wang’s study on China’s
Dongting Lake Region [17] confirmed the above viewpoint. In contrast, only a few scholars argued
that urban and economic development were exclusive to each other. Brückner found that there was a
negative effect on the per capita GDP growth with the increasing urbanization rate across 41 African
countries from 1960 to 2007 [18].

2.2. Coordination Between Urbanization and Ecological Environment

With the gradual transformation of human activities to non-farming industries, urbanization
is directly or indirectly affecting the entire ecological environment [19–23]. Three viewpoints were
exhibited by previous research. First, the coordination relationship between urbanization and the
ecological environment has improved gradually with the labour mitigation from village to city all over
the world in recent years; i.e., there was a trend from a seriously unbalanced stage to a highly balanced
stage [24]. In China, there was a gradually improving trend, although the coordination relationship
between urbanization and the ecological environment changed tortuously slowly. For example, the
coordination relationship in the Beijing-Tianjin-Hebei region and the Yangtze River Delta displayed
an S-shaped curve [25,26], and the Huaibei region showed an inverted U-shaped curve [27]. Second,
some researchers argued that rapid urbanization development could result in an over-concentration
of resources that could deteriorate the ecological environment to a large extent [28–30], such as by
reducing biodiversity [31]. Third, a number of researchers believed that the relationship varied in
different regions [32,33]. Taking the coordination relationship between urbanization and PM 2.5 as an
example, PM 2.5 levels displayed a downward trend when the urbanization rate was increasing in
Europe and Latin America but exhibited an opposite trend in East Asia, Southeast Asia, South Asia
and Africa [34].

2.3. Coordination Between Urbanization and Land Use

The existing research mainly discussed the coordination relationship between urbanization and
land use from the perspectives of the temporal and spatial trends [35–37]. Recent studies hold that the
relationship was gradually improving over time [38]. In China, it varied from a low-coordinated stage
to a medium-coordinated stage, making great progress since 2012 when the Promoting the Development
of New Urbanization Plan was carried out [39]. In addition, researchers insisted that there was spatial
inequality for the coordination relationship between urbanization and land use. For instance, the
regions with a higher coordination degree were mainly located in the eastern and central regions of
China, but they presented a completely different pattern [40]. Examples include the pattern of urban
agglomeration in the Yangtze River Economic Belt [41], the pattern of polycentric clustering in China’s
northeast region [42], and the pattern of encircling diffusion in the Yunnan Provinces [43].
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2.4. Research Review

According to the above review, it can be seen that research on the coordination relationship
between urbanization and other factors has become a focus of attention. However, previous
research has mainly focused on population urbanization and less on comprehensive urbanization;
i.e., researchers used to take the proportion of urban population as the indicator of urbanization
rather than integrated indicators. Therefore, although many data on the coordination relationship
have already been analysed, most of these studies explored only the interactional effect between
the population and other factors. In addition to the indicator of population, other elements, such
as economic development, social progress, spatial structure, resources and the environment, were
not considered in the analyses in most of the existing literature. Thus, the internal coordinated
development of urbanization was ignored.

Furthermore, the existing research paid less attention to the analysis of regional characteristics
of the internal coordinated development of urbanization. Existing studies hold different views
on the coordination relationship between urbanization and other factors, because the researchers
usually focused on a limited area. Therefore, exploring the spatiotemporal trends of the coordinated
development of China’s urbanization could further reveal the effect of spatial spillover. However, there
was no systematic discussion about the spatiotemporal trends in the existing research. By regarding
urbanization as a comprehensive system and dividing it into several subsystems, this paper, focusing
on the analysis of the spatiotemporal evolution of internal coordinated development of China’s
urbanization, can not only complement the theory of Synergetics in the field of urbanization, but
can also provide theoretical basis for policy formulation to promote the high-quality development of
urbanization in China.

3. Framework, Method and Data Source

3.1. Framework

The available literature mainly studies the building of indicator system of urbanization from
three perspectives. First, an indicator system is built from a global perspective such as the City
Development Index and Urban Indicators Guidelines formulated by United Nations Centre for Human
Settlements. These two indicator systems can effectively evaluate the interaction of various subsystems
of urbanization such as population, economy and public services, but lack pertinence due to their
wide range [44]. Second, the indicator system is built from a national perspective such as the indicator
system evaluating Japanese urbanization; an example is the UK indicator system put forward by
Cloke [45]. It covers three subsystems of population, residence and traffic. Third, the indicator system
is built from a perspective of economic development stage, such as the system put forward by Inkeles
including subsystems of population, cities and other factors [46].

Many scholars are also engaged in the building of indicator systems in light of the specific
conditions of urbanization in China. For example, System of Quality Evaluation of Urbanization
of China outlines four subsystems including low carbon urbanization, harmonious urbanization,
happy urbanization and sensible urbanization with nearly 300 indices [47]. Research on Quality
Evaluation and Promotion Path of Urbanization puts forward an indicator system of three subsystems
of quality, efficiency promotion, and coordination between rural and urban areas [48]. The Team
In-Chief of Research on Cities in China proposes an indicator system composed of subsystems of
social development and ecological environment [49]. Moreover, scholars like Zhang [50], Lv [51], and
Fang [52] also bring up with their own research. In general, the indicator systems above mainly are
composed of five aspects, i.e., economy, public services, population, space and ecology.

In terms of economy, economic growth is an important driving force for urbanization. On the one
hand, it drives production forces to flow to cities constantly, increasing their input and output and
generating economies of scales. On the other hand, it breeds more sophisticated industrial structures.
With regard to public services, it pushes forward equality in basic services, realizing the common
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development of healthcare, education, social security and transport, which are important issues in
the urbanization in China. As for population, the higher density of urban population has become the
most typical phenomenon during the urbanization, along with the change of working population of
the tertiary industry and urban unemployment rate, due to the flow of population from countryside
to cities. In the aspect of space, during urbanization, the land usage shifts from agricultural land to
the non-agricultural one and the location and scenery are expanding in the process. With respect to
ecology, the ecological environment, including both ecological environment foundation and protection,
serves as an important carrier for the production and living of urban residence. A good ecological
environment is the crucial safeguard for sustainable development of urbanization.

In the 1970s, Harmann Haken, a German scientist, came up with Synergetics, which studies how
to present the ordered structure at time, space, and function levels through internal synergistic effect,
in the context of material or energy interchange between the open system with unbalanced condition
and the external environment [53,54]. Synergy theory holds that there is a relationship of interaction
and cooperation among various subsystems in the whole system; it is usually used to analyse how
the complex system structure could be ordered [55,56]. That is, it studies how to use the interaction
among each subsystem to exert the overall effect of the system. Synergetics offers important theoretical
support for the study of internal coordinated development of urbanization. First, as for the application
range, urbanization is an open system, which continuously makes elements exchange with the external
environment, so that the internal coordinated development system of urbanization is in line with
the application conditions of Synergetics. Second, the internal coordinated development system of
urbanization includes many subsystems such as population, economy and public services, and these
subsystems correlate and interact with each other, influencing the overall effect. Third, the change
of external variables of urbanization internal coordinated development system, such as information
flow, material flow and energy flow, will effectively exert the overall synergistic effect of this system,
achieving higher level of synergy. Specifically, the relations among subsystems of the urbanization
system are as follows:

First, space is the foundation for the interaction of the population, economy, public services and
ecology. The changes of these four elements usually take place based on the urban space. However,
space has some characteristics because it needs to follow natural rules, such as the distribution of
natural resources, the change of population flow, etc. Therefore, the urbanization that is in line with
spatial evolution characteristics can promote the interaction of all elements effectively. Second, the
population is the driving force that promotes the interaction of the elements. The phenomenon of a
continuous population influx from the countryside into the city could greatly stimulate investments
and consumption and promote economic development. Furthermore, the city space continues to
expand, and the spatial structure continues to change in order to meet the space demand caused
by the population agglomeration, which also plays an important role in improving infrastructure
and deteriorating the ecological environment [57]. Third, economic development could affect
the whole system structure. With gradual economic development, urban public services could
be improved in order to attract the rural population to the city. Moreover, cities’ resources are
usually over-consumed and over-utilized along with the variation of urban spatial structure and the
ecological environment [58]. Fourth, the continuous improvement of infrastructure could gradually
influence other elements. Along with urban space expansion, the improved infrastructure provides a
good foundation for urban economic development that drives the population agglomeration to the
city [59]. Finally, ecological environment lays a good foundation for healthy urbanization development.
The development of the economy, population, public services and space cannot go beyond the capacity
of the ecological environment [60].

From the perspective of qualitative analysis, the interrelationship among the five subsystems of
urbanization system, economy, public services, population, space and ecology is explained clearly,
and we find that there is a direct two-way mechanism of impact among the economy, public services,
population, ecology and space. In order to analyse the temporal trend and spatial distribution of
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internal coordinated development as a whole, this paper integrated and expanded the above five
subsystems, and established the quantitative indicators. Then, a discussion could be made from
a qualitative perspective on the basis of econometric results. Therefore, it is important to choose
quantitative indicators. According to the literature that took the quantitative indicators to analyse
urbanization [2,4,9,14,20,46–52,61–65], we built an internal coordinated development indicator system
including 23 indicators based on the indicators in the China’s National Plan on New Urbanization
(2014–2020) and the indicator representativeness and data availability (Table 1).

Table 1. Internal coordinated development indicator system of urbanization.

System Indicator System Indicator

Economy

Per capita GDP

Population

Population density

Proportion of the tertiary industry Proportion of tertiary industry employees

Government revenue Registered urban unemployment rate

Fixed asset investment

Space

Proportion of built-up area to the total area
of the area

Total retail sales of consumer goods Per capita urban road area

Proportion of technology expenditure in
fiscal expenditure Per capita green area of public places

Public
Services

Number of hospitals

Ecology

Wastewater discharge

Number of primary and secondary schools Sulfur dioxide emissions

Number of public buses Emission of smoke and dust

Number of public post offices Recovery rate of industrial solid waste

Number of public books owned by every
hundred people Green coverage rate in built-up area

Number of internet users

3.2. Method

In order to study the spatiotemporal evolution status of internal coordinated development of
urbanization in China, this paper first undertakes standardized processing of indicator system with
Range Normalization Method, and then uses the Entropy Method to calculate development degree
of the economy, public services, population, ecology and space. Afterwards, the Coupling and
Coordination Model is used to calculate the coupling and coordination degree of internal coordinated
development of urbanization in China, and the coupling and coordinated development status of
urbanization internal subsystems of 283 cities is acquired. Finally, the Exploratory Spatial Data Analysis
is used to study the regional spatiotemporal evolution status of internal coordinated development of
urbanization in 283 cities from the perspective of spatial and temporal evolution.

3.2.1. Range Normalization Method

Based on the data, we built the matrix X=(xij)m×n, i=1,2 . . . . . . ,n, j=1,2 . . . . . . ,m, where xij is
the j-th indicator of i-th City, m is the total indicator numbers, and n is the city numbers. The range
normalization method is then used to standardize the initial data because the dimensions, units and
attributes of all of the indicators in the indicator system are different.

x′ij =
xij −minxj

maxxj −minxj
(If the data are positive) (1)

x′ij =
maxxj − xij

maxxj −minxj
(If the data are negative) (2)

where max xj and min xj are the maximum and minimum values of the j-th indicator, respectively.
Then, the new matrix, X′ij = (x′ij)m×n

, is built by using the standardized data.
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3.2.2. Entropy Method

Originally used in physics, Entropy is a concept from the field of thermodynamics that is mainly
used to reflect the degree of chaos within the system. In 1948, the concept of entropy was introduced
into information theory by Shannon [66]. The entropy method can be used to analyse the discrete
degree of each indicator in multi-index system and calculate the comprehensive evaluating value
of the system. The core of the entropy method is to determine the index weight of each indicator
by highlighting the indicator differences within the system. If there is a greater discrete degree for
an indicator, it means that this indicator has a greater impact on the multi-index system. Therefore,
according to the discrete degree of each indicator, the weight of each indicator can be calculated, and
finally, the comprehensive evaluation degree will be calculated. The Entropy method has already been
used for analysis in a lot of fields, such as economy [67], environment [68,69], urbanization [70] or
comprehensive fields [71].

In order to estimate the internal coordinated development of China’s urbanization, the
development degree of the economy, public services, population, ecology and space need to be
calculated. Because each subsystem contains a lot of indicators, in this paper, we used an entropy
method that could reflect the importance of each indicator in the indicator system. At the beginning,
all the standardized data will be formed into matrix X′. Then, the entropy ej corresponding to the j-th
indicator in the matrix X′ is calculated by:

ej = −
1

ln m∑m
i=1 pij ln pij (3)

pij = x′ij/∑m
i=1 x′ij, i = 1, 2, . . . , n; j = 1, 2, . . . , m (4)

The formula for the entropy weight is:

wj = (1− ej)/∑n
j=1 (1− ej) (5)

The comprehensive evaluation function of urbanization of i-th city in t-th year is:

fi(Ut) = ∑m
j=1 W ′jty

′
ijt (6)

Similarly, the development degree of the economy, public services, population, ecology and space
can also be calculated by: fi(Ukt), k = 1,2 . . . . . . ,5.

3.2.3. Coupling and Coordination Model

This paper uses the internal coordination degree to evaluate the degree of internal coordinated
development of urbanization in China. The internal coordination degree should be calculated on the
basis of coupling degree that is calculated by the following formula:

C =
5 5
√

fi(U1t)× fi(U2t)× fi(U3t)× fi(U4t)× fi(U5t)

fi(U1t) + fi(U2t) + fi(U3t) + fi(U4t) + fi(U5t)
(7)

where C is the coupling degree that represents the interaction ability of the economy, public services,
population, ecology and space. Generally, the value of C is between 0 and 1. This indicates that there is
a strong interaction if C tends towards 1 and a weak interaction if C tends towards 0.

However, from the coupling degree, it is impossible to judge whether the subsystems are related
at a higher or lower level, although it can reflect whether there is close relationship among all the
subsystems. For example, if the development degree of each subsystem in urbanization is at a low
level, the coupling degree is also higher. However, this does not mean that there is a coordinated
relationship. Thus, the coordination model is introduced as follows:

D =
√

C× T (8)
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where D is the coordination degree and T is the comprehensive coordination index. The range of D is
similar to C. When D is equal to 1 or 0, it means that the five elements are coordinated or uncoordinated,
respectively. Generally, when 0 < D ≤ 0.3, it indicates that they are in a weak coordination level; when
0.3 < D ≤ 0.5, it indicates that they are in a weaker-to-medium coordination level; when 0.5 < D ≤ 0.8,
they are in a medium-to-high coordination level; 0.8 < D ≤ 1, they are in a high coordination level.
D will close to 1 when the five subsystems infinitely developed in a synchronous manner.

The comprehensive coordination index T can be calculated by the following formula:

T = ∑5
k=1 αk fi(Ukt) (9)

where the sum of αk, the contribution of five elements, is equal to 1. This paper argues that there is the
same contribution from the five elements in the urbanization indicator system. Here, we set αk as 0.2.

3.2.4. Exploratory Spatial Data Analysis

Global spatial autocorrelation analysis and hot spot analysis are used in this paper in order to
explore the spatial correlation of the coupling and coordination degrees of five elements of urbanization.
Global spatial autocorrelation can be calculated by the following formula:

Moran’s I =
∑n

i=1 ∑n
j=1 wij(xi −

−
X)(xj −

−
X)

S2∑n
i=1 ∑n

j=1 wij
(10)

where Moran’s I is the global spatial autocorrelation index, w is the spatial weight matrix, X is the value

of the attribute,
−
X is the mean and S2 is the variance. Normally, Moran’s I ranges from −1 to 1. There is

no spatial correlation among all the regions when it tends towards 0 and a positive or negative spatial
correlation when it tends towards 1 or −1.

Hot spot analysis is used to explore the high-value or low-value agglomeration state of
coordination degree.

G∗i (d) =

n
∑
j

ωij(d)Yj

n
∑
j

Yj

(11)

After standardized processing of Gi*(d), the standard form is:

Z(G∗i ) =
G∗i − E(G∗i )√

var(G∗i )
(12)

where E(Gi*) is the expected value of Gi* and var(Gi*) is the variance. The hot spot zone can be formed
according to the value of Z.

3.3. Data Source

The data used in this paper range from 2007 to 2016, as reported in the China City Statistical
Yearbook 2008–2017. This paper selected only 283 Chinese cities as the research focus because there
were many missing data for other cities in the yearbook.

4. Results and Discussion

4.1. Temporal Trend of the Coupling and Coordination Degrees

The curves of the average coupling degree and the coordination degree of urbanization of 283 cities
from 2007–2016 are exhibited in Figure 1. As seen in the figure, we found three characteristics. First,
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the coupling and coordination degrees of China’s urbanization were at a low level for a long time.
Specifically, the average coupling degree, changing between 0.409 and 0.509, was just 0.458 in a 10-yr
period, and the average coordination degree, changing between 0.280 and 0.341, was just 0.314. Second,
the coordination degree was always smaller than the coupling degree. The disparity was 0.144 on
average and fluctuated between 0.123 and 0.168 during the 10-yr period. This result indicated that
there was a characteristic of long-term differentiation of internal coordinated development of China’s
urbanization. Third, the coupling and coordination degrees of urbanization displayed a stable trend.
Both of the coupling and coordination curves presented the lowest points in 2007 and the highest
points in 2016, with an average annual growth of 2.46% and 2.23%, respectively.

Overall, the changing trend of China’s urbanization coordination was closely related to the relative
policies. Before 2014, the policies emphasized population urbanization rather than urbanization
quality. However, with the implementation of the China’s National Plan on New Urbanization
(2014–2020), the comprehensive development of urbanization was considered in order to avoid
problems, such as the excessive use of agricultural land, inefficient economic growth, and inadequate
investment infrastructure.
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Figure 1. The coupling and coordination degrees in 2007–2016.

4.2. Analysis on Coordination Types

By taking 0.1 as the interval, the range of the coordination degree from 0 to 1 was divided into ten
types from the lowest to the highest, with the range of type I of (0, 0.1). The data from 4 years—2007,
2010, 2013 and 2016—were entered into the analysis. Table 2 shows the city numbers in each type for
the four years.

Table 2. Number of cities in ten types from 2007 to 2016.

Year I II III IV V VI VII VIII IX X

2007 0 8 195 65 11 2 2 0 0 0
2010 0 0 167 89 22 3 1 1 0 0
2013 0 0 124 115 33 7 2 2 0 0
2016 0 0 98 136 34 10 3 2 0 0

We found that there were two characteristics of China’s coordination. First, there were few cities
in each type with higher or lower coordination degrees. Specifically, there were no cities in types
I, II, IX and X within the reported years, except for 8 cities in type II in 2007. Comparatively, most
cities were in type III and type IV, ranging from 0.2 to 0.4. The proportions of these two types in all
283 cities over the four study years were 91.87%, 90.46%, 84.45% and 82.69%, respectively. Second, the
numbers in the types with higher coordination degrees increased from 2007 to 2016. Specifically, the
numbers in type III decreased, while the numbers in types IV, V and VI increased gradually. This result
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indicated that the joint improvement of internal coordinated development of urbanization in most
cities contributed to an increase of the average coordination degree. Furthermore, it also denoted that
a long period is needed to achieve urban development with joint improvement of the economy, public
services, population, ecology and space.

4.3. Spatial Autocorrelation Analysis

Table 3 shows the Moran’s I of the coupling and coordination degrees that explained the spatial
autocorrelation of the 283 cities from 2007 to 2016.

As seen in Table 3, each Moran’s I is greater than 0 and passes the significance test at 1% during
the 10-yr period. This finding indicated that a positive spatial correlation existed across all of the cities,
and there was a local agglomeration in the space. In other words, the findings presented a spatial
structure of binary distribution; i.e., cities with higher coupling and coordination degrees agglomerate
each other in the process of urbanization development, and those with lower degrees displaying a
similar distribution.

Moreover, the spatial agglomerative effect of the coupling and coordination degrees of China’s
urbanization was gradually increasing. The Moran’s I of the coupling degree was just 0.196 in 2007 and
reached 0.228 in 2016, while the Moran’s I of the coordination degree was 0.230 in 2007 and reached
0.260 in 2016. Comparatively, the Moran’s I of the coupling degree was always smaller than the Moran’s
I of the coordination degree throughout the study period. This finding fully demonstrated that the
binary distribution among all of the cities was becoming more and more apparent in the process of
China’s urbanization.

Table 3. Moran’s I of the coupling and coordination degrees in 2007–2016.

Degree Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Coupling
degree

Moran’s I 0.196 0.191 0.176 0.197 0.205 0.214 0.212 0.223 0.214 0.228
Z value 5.326 5.207 4.800 5.363 5.552 5.793 5.732 6.023 5.784 6.175
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Coordination
degree

Moran’s I 0.230 0.226 0.202 0.228 0.227 0.228 0.229 0.230 0.244 0.260
Z value 6.292 6.192 5.541 6.227 6.198 6.221 6.245 6.628 6.661 7.071
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

4.4. Hot Spot Analysis

The correlation coefficients of the 283 cities were calculated by using the hotspot analysis method
in order to recognize the regional location that contributed the most to the spatial autocorrelation.
In this study, we calculated the Getis-Ord G* that was divided into four parts by the Jenks natural
breaks optimization. The scatter maps of hot spots in 2007, 2010, 2013 and 2016, including hot spot zone,
sub-hot spot zone, sub-cold spot zone and cold spot zone, were generated by ArcGIS (Version 10.2,
Environmental Systems Research Institute, United States) (Figure 2).

On the whole, the spatial distribution of the internal coordination degree of China’s urbanization
exhibited two characteristics. First, it presented a stepped spatial distribution from 2007 to 2016.
The regions with higher internal coordination degrees were mainly concentrated in the eastern
coastal regions of China, followed by the central regions, while the agglomeration of lower internal
coordination degrees was most obvious in the western regions of China. Second, the multi-centre
agglomeration diffusion of the internal coordinated development of urbanization was obvious in
2007–2016. The hot spot zone was predominately distributed in three regions: the Beijing-Tianjin-Hebei,
the Yangtze River Delta and the Pearl River Delta. Because these three regions were surrounded by the
sub-hot spot zone, we can conclude that these three regions could play an important role in promoting
the coordinated and balanced development of urbanization to the surrounding regions.

From the perspective of spatiotemporal evolution, the spatial distribution of the internal
coordinated development of China’s urbanization did not clearly change, with only small changes
occurring in a few regions. In terms of the evolution from the hot to the cold zones, the internal
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coordinated development of urbanization in northeast China was gradually weakening over the past
ten years, with obvious change from a sub-cold spot zone to a cold spot zone on a large scale. Similarly,
Erdos, Xinyang, Suizhou, Xiangyang and their surrounding areas gradually moved into a cold spot
zone. The internal coordinated development of urbanization in these regions presented an imbalanced
trend. In terms of the evolution from the cold to the hot zones, cities in southwestern Shandong
Province, northwestern Jiangsu Province, Urumqi and Karamay in the Xinjiang Autonomous Region
shifted from a sub-cold spot zone into a sub-hot spot zone. The internal coordination in these regions
strengthened gradually during the 10-yr period.

We found that there are different reasons for the disparities of the internal coordination degree of
urbanization across various cities. China’s mega-cities, predominately located in Beijing-Tianjin-Hebei,
the Yangtze River Delta and the Pearl River Delta, are relatively developed in terms of economy,
urban planning, population migration, public services and ecological protection. Although other
cities of eastern China had the same situation, such as rapid economic development, large population
migration, and urban area expansion, the most important problem of urbanization development
was the ecological environment deterioration that lowered the urbanization quality. For the cities
in China’s central regions, the economic development was mainly promoted by the land expansion
that often resulted in ignoring the public services. Because the rapid economic development did
not effectively match the supply of social public services, the internal coordinated development of
urbanization in central regions was weak compared with that of the eastern regions. Comparatively,
the internal coordinated development of urbanization in the cities of the western regions was relatively
low because of the lagged economic development.
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4.5. Analysis on the Growth Rate of the Internal Coordination Degree of Urbanization

Although the internal coordination degree of some cities decreased gradually, we found that the
average growth rate of the internal coordination degree of urbanization of the 283 cities increased
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during the 10-yr period. Figure 3 shows the quartered map of the average growth rate. It can be
seen that the growth rate of the internal coordination degree presented an obvious pattern of a dotted
distribution; i.e., the internal coordinated development of urbanization displayed a different growth
trend across all of the cities. On the whole, the growth rate of the internal coordination degree of
urbanization in western regions was higher than that in central and eastern regions, especially in
some cities of Gansu, Xinjiang, Guizhou and Szechwan. In contrast, the growth rate in the cities of
northeastern China was relatively lower.Sustainability 2018, 10, x FOR PEER REVIEW  12 of 17 
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5. Discussion

According to the analysis result above, the internal coordinated development of urbanization in
China has obvious features of spatiotemporal evolution. Generally, it not only conforms to the general
regulations of the urbanization process, but it also relates to the policies of each stage. However,
different spatial areal distributions of internal coordinated development of urbanization in China lie in
the different growth speeds of each subsystem. According to the connotation transition of urbanization,
the urbanization in China transfers its focus from population transfer to the development quality from
2007 to 2016. In 2007, the economic policies in China mainly focused on the development towards
large and medium size cities, such as Inform of Developing Surplus Rural Labor Current Employment and
Opinions on Developing Transfer Employment of Surplus Rural Labor, the purpose of which is to achieve
the economic growth with population transfer to ensure economic development and city expanding of
large and medium size cities. The urbanization rate of Chinese population exceeded 50% for the first
time in 2011. Afterwards, the urbanization process in China further emphasized on the decisive role of
the market on resource allocation. The internal coordinated development of urbanization has begun to
attract attention, and great importance has also been attached to the quality of development. In 2014,
China issued the National Plan on New Urbanization (2014–2020) and the Opinions on Further Promoting
the Reform of the Household Registration System, which indicated that the urbanization in China had
ushered in a new development stage that focuses on the quality of urbanization. Meanwhile, with
the introduction of the policies for migrant workers to return home to start businesses and obtain
employment and policies to promote nearby and local urbanization in various places (especially in the
western regions), the development of urbanization in the western regions has been rapidly accelerated.

The specific policies on such areas as land, population and environment are undergoing change
as China gradually transforms its urbanization development goal into focus on the quality of internal
coordinated development of urbanization. For example, in the area of education, the Chinese
government is constantly exploring and fine-tuning policies on guaranteeing the education of migrant
children, so as to gradually solve the problems such as enrollment in different places and educational
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equity. At the same time, the state has also provided substantial support to education in China’s
western region to solve the problem of unfair distribution of educational resources. In the area
of medical care, China began to promote a new rural cooperative medical scheme nationwide in
2006, extended the basic medical insurance system to cities and towns in 2007, established the goal of
universal medical insurance in 2009, and gradually achieved comprehensive health insurance coverage.
Medical infrastructure has witnessed significant improvement. In the area of land, with the rapid
expansion of urbanization and urban space, the Chinese government has successively rolled out
relevant policies such as Decision on Deepening Reform of Strict Land Management, Notice on Promoting
the Economical and Intensive Use of Land, and Opinions on Strengthening the Protection of Cultivated
Land and Improvement, so as to gradually improve the basic system of the market allocation of land
resources. In terms of population mobility and employment, China has put more emphasis on the
role of the market in the allocation of labor resources during the urbanization development. Policies
have been introduced to promote home-bound entrepreneurship and employment. In particular,
the state has provided the support for the economic development of the western region, which has
narrowed down the differences between urban and rural development in different regions. In terms of
ecological environment, China is gradually adapting to the new concepts and trends of modern urban
development during its urbanization. It is emphasized that through the construction of green modes
of production, lifestyle and consumption, ecological civilization has been fully integrated into urban
development over the years in order to promote urban green development.

6. Conclusions

Based on the indicator system of the internal coordination degree of China’s urbanization, the
range normalization method, entropy method, coupling and coordination models and exploratory
spatial data analysis were used to analyse the internal coordination degree, spatial distribution and
spatiotemporal evolution by using the data of 283 cities from 2007 to 2016. According to the results of
this research, we found the following.

First, the internal coordination degree of China’s urbanization has been at a low level for a
long time, but it displayed a gradually increasing trend. Although the average internal coordination
degree was only 0.314, while the proportion of cities ranging between 0.2 and 0.4 was greater than
80% from 2007 to 2016, the situation of uncoordinated urban development is improving gradually.
The improvement in the internal coordinated development of urbanization is not caused by the obvious
increase in a few cities. In contrast, the common improvement in the internal coordination degree in a
number of cities contributes to the continuous improvement in the average level among the 283 cities.

Second, there is a positive spatial correlation of the internal coordinated development of China’s
urbanization, and the spatial agglomeration effect was gradually strengthened during the 10-yr period.
The internal coordination degree of China’s urbanization displayed the spatial distribution of a stepped
pattern, with a higher degree in the eastern regions of China and a lower degree in the western regions.
In addition, the internal coordinated development of urbanization also presented the pattern of a
multi-centre agglomeration and diffusion. Specifically, the regions of the highest internal coordination
degree of urbanization were located in the Beijing-Tianjin-Hebei region, the Yangtze River Delta and
the Pearl River Delta, with the regions of lower internal coordination degree of urbanization spreading
around these three regions.

Third, the spatial distribution of the internal coordinated development of China’s urbanization
did not change on a large scale, but rather, changed in several small regions over the ten year period.
The internal coordination degree of urbanization in the cities of northeastern China, Erdos in the
Inner Mongolia Autonomous Region, Xinyang in the Henan Province, and Suizhou and Xiangyang in
the Hubei Province gradually weakened, while the internal coordination degree of urbanization in
the cities in the southwestern Shandong Province, northwestern Jiangsu Province and Urumqi and
Karamay in the Xinjiang Autonomous Region strengthened over the ten years. The growth rate of
the internal coordination degree of China’s urbanization displayed a pattern of dotted distribution.
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The growth rate of the internal coordination degree in the cities of China’s western provinces, such
as Gansu, Xinjiang, Guizhou, and Sichuan, had clearly increased, and the growth rate of the western
region was higher than that of the central and eastern regions.

Through the above analysis, it can be concluded that although population migration, economic
growth and spatial expansion have made great contributions to China’s urbanization development,
internal contradictions have been increasing for a long time, such as the ecological environment
deterioration, unbalanced public services and unreasonable spatial planning. Overall, there are a
number of reasons why the internal coordination degree of urbanization is different across the 283 cities
in China. Although the economic development and social services in the eastern region are better
than those in other regions, the ecological environment problems, which last for a long time, result in
an imbalanced development of urbanization. In addition to the above reasons, weak public services
are another reason for the internal uncoordinated development of urbanization in the central region
of China. The western region has advantages in terms of the ecological environment; however,
urbanization levels in terms of economic development, population flow, social services and other
aspects are relatively weak.

Therefore, China’s urbanization development needs to be further adjusted according to the
internal coordinated development of different regions. In the future, the development of urbanization
in Beijing-Tianjin-Hebei Region, Yangtze River Delta and Pearl River Delta shall focus on accelerating
the transformation of economic development mode, especially on circular economy mode, so as to
achieve comprehensive improvements by constantly making up for their own deficiencies. As for
the urbanization development of cities in Liaoning, Hebei, Shandong, Jiangsu, Zhejiang, Fujian and
Guangdong provinces located around the above three regions, we shall not only pay attention to
the speed and scale of urbanization development, but also strengthen the upgrading and promotion
of basic public services within these regions, and focus more on the social and ecological effects of
urbanization. The cities in the northeast and central provinces represented by Heilongjiang, Jilin,
Shanxi, Henan, Hubei, Hunan and Jiangxi shall speed up the innovation of systems and mechanisms,
gradually release the potential of urbanization development by orderly promoting the mobility of
urban population, and focus on achieving the healthy development of urbanization by improving the
equalization of urban and rural public services. The vast majority of cities in Western China shall further
improve the spatial development potential for urbanization, accelerate the new-type industrialization
development on the premise of quality assurance, and promote the development of urbanization
systems into dense urban areas that agglomerate industry and population through improving economic
development and attracting the concentration of human, financial and material resources.

This paper has some shortcomings, although it clearly explains the temporal and spatial
distribution and the evolution of the coordinated development of urbanization in China. For example,
due to the missing statistical data in 283 cities, the constructed indicator system lacks some important
indicators, such as urban population ratio and PM 2.5, etc. However, the lack of these variables will
not affect the credibility of the results in this study to a large extent. In addition, the discussion part
of this paper is only carried out from a qualitative point of view. On the basis of this paper, further
exploration of the driving forces that affect the coordinated development of urbanization in China
from the perspective of econometric analysis will be an important part of future research.
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