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Abstract: China’s rapid urbanization has attracted wide international attention. However, it may
not be sustainable. In order to assess it objectively and put forward recommendations for future
development, this paper first develops a four-dimensional Urbanization Quality Index using weights
calculated by the Deviation Maximization Method for a comprehensive assessment and then reveals
the spatial association of China’s urbanization by Exploratory Spatial Data Analysis. The study leads
to three major findings. First, the urbanization quality in China has gradually increased over time,
but there have been significant differences between regions. Second, the four aspects of urbanization
quality have shown the following trends: (i) the quality of urban development has steadily increased;
(ii) the sustainability of urban development has shown a downward trend in recent years; (iii) the
efficiency of urbanization improved before 2006 but then declined slightly due to capital, land use,
and resource efficiency constraints; (IV) the urban–rural integration deteriorated in the early years
but then improved over time. Third, although the urbanization quality has a significantly positive
global spatial autocorrelation, the local spatial autocorrelation varies between eastern and western
regions. Based on these findings, this paper concludes with policy recommendations for improving
urbanization quality and its sustainability in China.

Keywords: urbanization quality; urbanization quality index; sustainable urbanization; assessment;
deviation maximization method; spatial autocorrelation; China

1. Introduction

After 200 years of development, urbanization is undergoing an important transformation—its
center of gravity has shifted from developed countries to the developing world [1]. In particular,
China’s rapid urbanization has attracted international attention [2]. The level of urbanization increased
from 17.92% in 1978 to 58.52% in 2017 [3], which has surpassed the world average of 54.74% [4]. If the
current trend holds, China’s urban population is estimated to exceed 1 billion people in the next two
decades, which is presaged to cause a surge in China’s consuming capacity [5]. China’s urbanization,
which was identified by Joseph E. Stiglitz, as one of the two main forces shaping the world in the 21st
century, has had a profound impact on China’s economy as well as the world economy [6]. However,
China’s urbanization has also faced several distinctive problems in comparison with other countries.

Before going into details of these China-specific issues, it is very helpful to examine the
contemporary debate on “urbanization” and how it is defined. Due to the complexity of the
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urbanization process, the focus of urbanization varies in different fields of study. From a demographic
point of view, urbanization refers to the gradual increase in the proportion of people living in
urban areas [7]. From a geographical point of view, urbanization emphasizes the transformation
of non-urban areas into urban areas and the resulting spatial transfer of population and economic
activities [8]. From an economic point of view, urbanization is defined as the upgrading of industrial
and infrastructure, in which agricultural activities are gradually transformed into non-agricultural
activities [9]. In short, although urbanization does not have a standard definition, it has been commonly
recognized as a dynamic, multi-dimensional socio-spatial process, involving economic development,
social transformation, cultural dissemination, ecological conservation, geographical layout, urban
governance, and a series of related issues in addition to the migration from rural to urban areas [10,11].

Due to the complexity, some scholars suggested that “urbanization quality” should be used
to replace “urbanization level” in assessing urbanization [12–15]. This is because, in terms of the
urbanization process, quality refers to the development of urban functionality and the extent to which
it can meet the current and future needs of its citizens [16]. In consideration of this, many studies
have emphasized the fairness, efficiency, and sustainability of urban development and put forward the
concepts of “harmonious city,” “eco-city,” “sustainable city,” “green city,” “compact city,” and “smart
city” [17–21]; all these concepts are essentially similar to the urbanization quality mentioned above.

Based on the understanding of urbanization quality, the problems in the process of China’s
urbanization are obvious. First of all, the unique Household Registration System has caused
“incomplete urbanization” [22]. When the Chinese Communist Party came into power in 1949,
it established a Household Registration System to control people′s movement between rural and
urban areas. Individuals were categorized as “rural residents” or “urban residents” based on their
birthplace, and their children inherit the parents’ status no matter where they are born or where
they live [23]. With the rapid development of cities, hundreds of millions of rural residents come to
work and live in the city as migrant workers, but they are barred from acquiring an “urban resident”
registration, which means they cannot enjoy the same welfare benefits as registered urban residents
in terms of medical treatment, public education, and social security. However, according to the
regulations, migrant workers who work and live in cities for more than six months will be counted
as “urban residents” in the calculation of the level of urbanization [3]. This inconsistency leads to
“incomplete urbanization.” In 2017, only about 589 million out of 813 million Chinese urban dwellers
have registered as urban residents, that is, the complete level of urbanization is 42.35% [3].

Moreover, China’s urbanization significantly deviates from the coordinated mutual development
of urban and rural areas due to the attention and importance given to urban development. Because of
this uneven development, the income gap between urban and rural households has continued to
expand and caused a series of unhealthy growth issues: (i) urban disease: excessive concentration and
population growth in metropolises, resulting in traffic congestion and environmental degradation;
(ii) rural disease: a shortage of produce funds and public services due to the capital restrictions, a high
proportion of weak and old labor in rural areas, and a large number of young rural laborers flown to
cities; (iii) social disease: the expanding income gap between urban and rural areas leading to more
intensified social conflicts, and higher occurrence of mass incidents and crimes [24].

In addition, the local government’s “land financing” leads to urban overexpansion. In developed
countries, due to the high population density, limited living space, and heavy traffic in cities, people
tend to live in the suburbs. Urban expansion is a market-driven outcome [25]. By contrast, China’s
urban expansion is mainly led and monopolized by the local government. To meet the expenditure and
achieve GDP growth goals, land sale has been a ready and single solution. Land revenue represents
a major source of local revenue, accounting for 60–80% of the local government’s total revenue [26].
However, too much land for sale has diverted urban development from its planning, resulting in
overexpansion and waste of resources. More seriously, the loss of a large amount of high-quality arable
land may lead to risks associated with food security and the environment.
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Furthermore, China’s urbanization has ignored ecological conservation and sustainable use of
nonrenewable natural resources because of the strong emphasis placed on economic development,
as measured purely by GDP. Such an overemphasis on economic development has resulted in repeated
construction, overcapacity, waste of resources, and serious environmental pollution [11].

The root of the above problems is the neglect of the complexity of the urbanization process.
In China, the government pays too much attention to the increase of the proportion of urban population,
but ignores the quality of urbanization. As we discussed above, urbanization is a multi-dimensional
concept, so to make a reasonable judgement an Urbanization Quality Index (UQI) should be established.
Although much effort is being spent examining China’s urbanization, it is clear that there is no shortage
of controversy and the quantitative assessment is difficult [27]. There are two critical problems to be
solved: one is designing an appropriate index system; the other is identifying a perspective on the
study of dynamic evolution.

In a provincial panel data context, the purpose of this paper is to design a comprehensive UQI for a
better understanding of how far China’s urbanization has gone and to put forward policy implications.
The rest of the paper is organized as follows. The next section will shed light on how to build a
comprehensive index of urbanization by summarizing the existing literature. Next, the paper will
introduce the research data and methods. This will be followed by a discussion of evolutionary trends
and spatial characteristics of China’s urbanization. Finally, the paper will conclude with a highlight of
major findings and some policy implications.

2. A Comprehensive Urbanization Quality Index

The idea to design a comprehensive index to assess the quality of urbanization was initially
proposed by Japanese scholars Hattori, Kagaya, and Inanaga in 1960. They specialized in urbanization
studies and designed a five-dimensional index covering city size, location, economic activities,
employment, and population growth to assess urban development [28].

Since then, with the concept of “sustainable development” being introduced, sustainable
urbanization was promoted as a solution to existing urban problems, because it emphasizes continuous
improvement to the quality of urban life in various areas such as ecology, culture, politics, infrastructure,
and social and economic development. Moreover, such improvements should not increase the burden
of future generations [19]. The United Nations Habitat then developed the City Development Index and
the Urban Indicators Guidelines. The former consists of five sub-indices: city product, infrastructure,
waste, health, and education [29]. The latter includes shelter, social development and eradication of
poverty, environmental management, economic development, and governance [30].

Moreover, “quality of life” is another significant index of urbanization quality. The World Summit
for Social Development at Copenhagen in 1995 pointed out that the ultimate goal of urban development
is to improve the quality of life [31]. Therefore, many scholars began to study the quality of life in
urban areas [32,33]. The European Union (EU) has released a survey called “Perception of Quality
of Life in European Cities” every three years since 2004. The survey monitors and compares the
quality of local life from four aspects by 22 indicators, including public transport, health care services,
employment opportunity, air quality, etc. [34].

In addition, other researchers have conducted broader studies from a different point of
view. Yanitsky, Caprotti, and Childers et al. focused on ecological cities and pointed out
that an eco-city is built on the foundation of ecology principles, where there is balanced social,
economic, and environmental development; highly efficient use of resources, energy, and information;
and a sustainable, ecologically virtuous circle of human settlement [18,35,36]. UN-Habitat and
Pan engaged in research into harmonious cities and stated that a harmonious city should satisfy
three aspects: spatial harmony, social harmony, and environmental harmony, which means a
balance of appropriate economic and population growth; equality and justice in health care,
education, and employment; and the reasonable consumption of natural resources during urban
development [17,37]. Artmann et al. conducted research into smart–compact–green cities and
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considered that the indicator-based smart-compact-green city framework can be characterized
through smart environment, smart multi-functionality, smart government, and smart governance [20].
Gradinaru et al. built a four-dimensional framework including efficient built-up development,
conservation of agricultural land, landscape preservation, and human perception to assess the efficiency
of the planning process and urbanization patterns [38].

Although extensive research has been devoted to the assessment of urbanization quality and we
are far from reaching a consensus about UQI, there are some interesting findings: (I) urbanization
quality involves the overall coordinated development of the internal system of a city. It includes
the economic, social, and ecological development of the city as well as the city’s infrastructure and
living conditions [18,19,28–30,34–37]; (II) The urbanization quality emphasizes the sustainability
of urban development. It not only pays attention to the current conditions of cities, but also
introduces the concepts of “green,” “ecological,” and “harmonious,” emphasizing the economic,
social, and environmental sustainability in the process of urbanization [17–20,29,30,35–37]; (III) The
urbanization quality stresses the efficiency of urbanization. Especially from the perspective of planning,
scholars are very concerned about whether the urban expansion is under control and whether the
urban construction meets the expectations of planning [20,38].

Therefore, this paper will fully consider the above three aspects in designing the UQI. However,
as we discussed earlier, China’s urbanization is distinctive. The Household Registration System has led
to urban–rural segmentation; meanwhile, the government has implemented policies that give excessive
importance to urban development, resulting in an imbalance between urban and rural development.
The ultimate goal of urbanization is to achieve urban–rural integrated development [12], thus the UQI
should also consider the balance of rural and urban development.

So far, we have constructed a four-dimensional framework of UQI. First is the quality of urban
development, which is the core content of urbanization. The purpose of urbanization is to promote
economic and social development and improve people’s living standard [14]. Therefore, the quality of
urban development should include the economic, social, and ecological development of the city
as well as the city’s infrastructure and living standards. Second is the sustainability of urban
development, which reflects the potential of urban development. It measures whether the city’s
economic development is benefited, whether the social burden is too heavy, and whether environmental
protection is implemented. Third is the efficiency of urbanization. If urbanization is viewed as a
process of input and output, the input includes capital, labor, land, energy and other natural resources
and the output is the quality of urbanization [39]. The literature [20,38] may only consider the input
of land and capital from the urban planning angle, but other inputs are equally important. Fourth is
the urban–rural integration. The ultimate goal of urbanization is to achieve consistency in production
and lifestyle between urban and rural areas. Specifically, urban and rural residents can earn the same
income, consume the same products, and enjoy the same public services.

Based on the analysis, this paper subdivides the four primary indexes into several secondary
indexes and selects some appropriate indicators for each secondary index (Table 1).
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Table 1. Indicators and their weights of urbanization quality.

Primary Indexes Secondary Indexes Indicators Weight

The Quality of Urban
Development

Economic Development

real per capita GDP (yuan) 0.0116
per capita government revenue (yuan) 0.0140
the level of urbanization (%) 0.0196
the secondary industry added value (% of GDP) 0.0134
the tertiary industry added value (% of GDP) 0.0152
GDP growth rate (%) 0.0184

Social Development

social security expenditure (% of GDP) 0.0155
hospital beds per 10,000 population (bed) 0.0092
physicians per 10,000 population (person) 0.0137
books per 100 population (copies) 0.0059
college students per 100,000 population (person) 0.0118
unemployment rate (%) 0.0236

Ecological Environment
SO2 emissions per 10,000 GDP (kg) 0.0369
waste water discharge per 10,000 GDP (ton) 0.0376
solid waste production per 10,000 industrial added value (ton) 0.0380

Living Standard

urban per capita disposable income (yuan) 0.0147
per capita household saving (yuan) 0.0075
urban Engel coefficient (%) 0.0142
urban population density (person/sq. km) 0.0255
per capita electricity consumption (Kwh/person) 0.0075

Infrastructure
per capita area of paved road in city (sq.m.) 0.0179
buses per 10000 population (unit) 0.0157
per capita area of green land (sq. m) 0.0124

The Sustainability of
Urban Development

Economic Sustainability

total investment in fixed assets (% of GDP) 0.0475
total retail sales of consumer goods (% of GDP) 0.0209
total value of import and export (% of GDP) 0.0153
transaction value in technical markets (% of GDP) 0.0137

Social Sustainability social burden coefficient (%) 0.0357
science, education, culture and health expenditure (% of GDP) 0.0161

Environmental environmental protection expenditure (% of GDP) 0.0209

Sustainability
environmental system staff (% of total population) 0.0189
industrial pollution control investment (% of industrial added
value) 0.0198

green covered area (% of completed area) 0.0112

The Efficiency of
Urbanization

Labor Productivity per employee GDP (yuan) 0.0130

Capital Productivity ICOR (%) 0.0334

Land Use Efficiency GDP per sq. km (10,000 yuan) 0.0125
employment per sq. km (person) 0.0176

Resource Efficiency
energy consumption per 10,000 GDP (tons) of SCE) 0.0324
electricity consumption per 10,000 GDP (Kwh) 0.0343
water supply per 10,000 GDP (tons) 0.0368

The Urban–Rural
Integration

Income Consumption
Integration

per capita income gap 0.0407
per capita consumption gap 0.0395

Public Service
Integration

primary schools’ student–teacher ratio gap 0.0372
secondary schools’ student–teacher ratio gap 0.0234
per 10,000 population medical personnel gap 0.0260
per 10,000 population hospital beds gap 0.0331

Note: (i) The last column shows the weight of each indicator that calculated in the section 4. (ii) ICOR (incremental
capital output ratio) is a metric that assesses the marginal amount of investment capital necessary for an entity
to generate the next unit of production. Overall, a higher ICOR value is not preferred because it indicates that
the entity’s production is inefficient. ICOR is calculated as: ICOR = Annual Investment

Annual Increase in GDP . (iii) Urban rural income
(consumption) gap is the ratio of rural per capita income (consumption) to urban per capita income. (iv) Due to the
data limitations, we could not include all indicators that should have been included.

3. Materials and Methods

3.1. Sampling Design

This paper collects a provincial panel dataset in China from 1985 to 2015 (1985, 1990, 1995, 2000,
and annually from 2005 to 2015). It contains data for all indicators collected in 30 provinces and the
national aggregate. We excluded four regions (Hong Kong, Macao, Taiwan, and Tibet) for lack of
data. This dataset is collected from China Statistical Yearbooks, China City Statistical Yearbook, China
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Energy Statistical Yearbook, China Environmental Yearbook, and China Rural Statistical Yearbook 1986–2016.
By using this panel data, the study can demonstrate evolutionary trends and spatial characteristics of
urbanization quality, which differs from previous studies based only on cross-sectional data.

3.2. Methods

3.2.1. Deviation Maximization Method

This paper uses the Deviation Maximization Method developed by Guo [40]. The advantage
of this method is that all the weights are calculated from the characteristics by using all the values
both across all regions and across all time periods. Thus, the weights objectively reflect both the
geographical and evolutional differences of the data, and avoiding any human subjective preferences.
Moreover, it ensures all weights will stay the same over time.

The Urbanization Quality Index (UQI) is calculated by the following formula:

yi(tk) = ∑m
j=1 ωjxij(tk), (i = 1, 2, . . . , 3 ; j = 1, 2, . . . , m ; k = 1, 2, . . . , T.) . (1)

In this paper, region i includes 30 provinces and the national aggregate; j represents the
46 indicators; year tk includes 1985, 1990, 1995, 2000, and annually from 2005 to 2015; ωj is factor
weight to be calculated in the procedure below; xij(tk) is the value of indicator j in region i in year tk,
yi(tk) is the composite index of urbanization quality for region i in year tk.

Step 1 is to normalize the indicators into comparable units using Min–Max scaling. The Min–Max
scaling maximizes the overall difference among the assessed indicators and is the most suitable
dimensionless method for Deviation Maximization Method [41]. If index value xij is positive,
namely, higher value is preferred, such as real per capita GDP and GDP growth rate, then it is
normalized as x′ij =

xij−mj
Mj−mj

. If index value xij is negative, namely, a smaller value is preferred, such as

unemployment rate and SO2 emissions per 10,000 GDP, then it is normalized as x′ij =
Mj−xij
Mj−mj

. In which,

mj = min
{

xij
}

, Mj = max
{

xij
}

. After this normalization, all x′ij are between 0 and 1 and represent the
difference from the most desirable value possible.

Step 2 is to calculate the weight for each indicator ωj. The principle of determining the weight
factor ωj is to maximize the difference among assessed regions as far as possible, which is to maximize

e2 =
T
∑

k=1

n
∑

i=1
(yi(tk)− y)2, where y = 1

T

T
∑

k=1

(
1
n

n
∑

i=1

m
∑

j=1
ωjxij(tk)

)
= 0. As a result,

e2 = ∑T
k=1 ∑n

i=1(yi(tk))
2 = ∑T

k=1

[
WT HKW

]
= WT ∑T

k=1 HKW = WT HW, (2)

in which, W = (ω1, ω2, . . . , ωm)
T , H =

T
∑

k=1
Hk is a m × m symmetric matrix, Hk = XT

k Xk,

(k = 1, 2, . . . , T) and Xk =

 x11(tk) . . . x1m(tk)
...

. . .
...

xn1(tk) . . . xnm(tk)

. It can be proved that if WWT = 1, e2 reaches

maximum when W is the eigenvector corresponding to the largest eigenvalue of matrix H.
Step 3 is to substitute the ωj calculated in Step 2 into Equation (1) to calculate the UQI yi(tk) for

region i in year tk.

3.2.2. Exploratory Spatial Data Analysis

Exploratory Spatial Data Analysis includes visual and quantitative methods to summarize a
variable’s spatial properties [42]. Moran’s I and LISA are two key indexes to perform this analysis.
The former is used for employing global spatial autocorrelation from the whole study area; the latter is
used for assessing local spatial autocorrelation from a local level.
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Moran’s I is given below:

I =

n
n
∑

i=1

n
∑

j=1
µij(xi − x)

(
xj − x

)
(

n
∑

i=1

n
∑

j=1
µij

)
n
∑

i=1
(xi − x)2

, (3)

in which I is a global spatial correlation coefficient. It ranges from −1 to +1, with +1 indicating a strong
positive spatial autocorrelation, 0 indicating a random or no correlation, and −1 indicating a strong
negative spatial autocorrelation. n = 30 is the number of study regions. µij is the matrix of space
weights; xi is the UQI in region i; and x is the average UQI in all regions.

The local value of a LISA is computed as follows:

Ii =
n2

∑
i

∑
j

µij
×

(xi − x)∑
j

µij
(
xj − x

)
∑
j
(xi − x)2 (4)

For each location, the LISA values illustrate the correlation among adjacent regions and the
significance of this correlation. There are five possible correlations: High–High reflects locations with
high values among high-value neighbors; Low–Low reflects locations with low values among low-value
neighbors; Low–High reflects locations with low values among high-value neighbors; High–Low reflects
locations with high values among high-value neighbors; Not significant reflects no correlation among
adjacent regions.

4. Results and Implications

This paper uses Matlab2015b to process data and calculate the weight of each indicator (Table 1),
to obtain the Urbanization Quality Index (UQI) of 30 provinces and the national average.

4.1. The Trend of Urbanization Quality

As shown in Figure 1, the national UQI rises from 0.54 to 0.66, which means the urbanization
quality in China has slowly improved from 1985 to 2015. The gap of urbanization quality among the
30 provinces has narrowed. This is because the national UQI was ranked 9th among the 30 provinces in
1985, but dropped to 17th in 2015. This shows that the more urbanized regions no longer significantly
lift the national average so that the national average is much more toward the median.

Sustainability 2018, 10, x FOR PEER REVIEW  8 of 18 

 
Figure 1. The composite index of urbanization quality in China from 1985 to 2015. Note: In order to 
show the graph clearly, the values of ecological environment and resource efficiency are reduced by 
10 times; therefore, the data in the graphs can only reflect the trends and are not comparable in scale. 

First, the quality of urban development has a clear upward trend, indicating a good 
development in the cities. The reasons can be summarized as follows according to Figure 2a. Since 
China’s economic reform, the urban infrastructure in China has improved dramatically, which 
creates a solid foundation for economic and social development and raises the living standard. 
However, there are also some hidden dangers to urban development. The slowdown of economic 
growth after 2008 indicates that China’s economic development has entered a new period of sluggish 
growth. The challenge of China’s economic development at this stage is to carry out economic reform, 
and upgrade the industrial structure [43]. There is great uncertainty about whether China will face 
prosperity from a successful transition or a downturn from a failed transition. In addition, the 
ecological environment improved slightly during the early period of economic reform, but has hardly 
improved since then. In recent years, all major cities in China have struggled with pollution. As 
China’s Environmental Status Bulletin 2016 reports, 75.1% of cities did not meet the air quality 
guidelines in 2016. Therefore, it is an important and difficult task to improve the quality of the 
ecological environment in cities. 

Second, the sustainability of urban development had ups and downs before 2010, but has 
declined ever since. As shown in Figure 2b, economic sustainability has always been declining, yet 
social and environmental sustainability have risen slowly. After these two forces played out, the 
overall sustainability of urban development declined. Although urbanization has developed rapidly 
since China’s economic reform, it lacks sustainability. There may be two reasons. Firstly, China’s 
economic development in the past relied, to a large extent, on large-scale investment, demographic 
dividends, and net export surpluses due to cost advantages; however, as the economic development 
entered a new stage, the advantages of promoting economic growth in the past were gradually lost. 
If there is not a new impetus, economic development will not be sustainable [44]. Secondly, with the 
improvement of living standards, people still place higher demands on public services, social 
security, and environmental quality although social and environmental sustainability has improved. 
In particular, the arrival of an aging society has posed unprecedented challenges to the existing social 
security system and the frequent haze has aroused the concern of the whole nation [45,46]. Therefore, 
it is imperative to enhance socially and environmentally sustainable development. 

Third, the efficiency of urbanization has not changed significantly. It improved slightly before 
2006 and then declined slowly. When zooming in on the four aspects shown in Figure 2c, the labor 
productivity has been continuously improving, the land use and resource efficiency has not changed 
much, and the capital productivity has deteriorated. The reason can be summarized as follows. The 
improvement of labor productivity in China may be closely related to two factors. The first is a 

0.54 0.52 0.54 0.59 0.61 0.62 0.63 0.63 0.63 0.64 0.65 0.65 0.65 0.66 0.66
0.30

0.40

0.50

0.60

0.70

0.80

0.90

1985 1990 1995 2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

co
m

po
si

te
 in

de
x

UQI The Quality of Urban Development
The Sustainability of Urban development The Efficiency of Urbanization
The Urban-Rural Integration

Figure 1. The composite index of urbanization quality in China from 1985 to 2015. Note: In order to
show the graph clearly, the values of ecological environment and resource efficiency are reduced by
10 times; therefore, the data in the graphs can only reflect the trends and are not comparable in scale.
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When zooming in on the four aspects of urbanization quality individually (Figure 1), there are
some more interesting findings.

First, the quality of urban development has a clear upward trend, indicating a good development
in the cities. The reasons can be summarized as follows according to Figure 2a. Since China’s economic
reform, the urban infrastructure in China has improved dramatically, which creates a solid foundation
for economic and social development and raises the living standard. However, there are also some
hidden dangers to urban development. The slowdown of economic growth after 2008 indicates that
China’s economic development has entered a new period of sluggish growth. The challenge of China’s
economic development at this stage is to carry out economic reform, and upgrade the industrial
structure [43]. There is great uncertainty about whether China will face prosperity from a successful
transition or a downturn from a failed transition. In addition, the ecological environment improved
slightly during the early period of economic reform, but has hardly improved since then. In recent
years, all major cities in China have struggled with pollution. As China’s Environmental Status Bulletin
2016 reports, 75.1% of cities did not meet the air quality guidelines in 2016. Therefore, it is an important
and difficult task to improve the quality of the ecological environment in cities.

Second, the sustainability of urban development had ups and downs before 2010, but has
declined ever since. As shown in Figure 2b, economic sustainability has always been declining,
yet social and environmental sustainability have risen slowly. After these two forces played out,
the overall sustainability of urban development declined. Although urbanization has developed
rapidly since China’s economic reform, it lacks sustainability. There may be two reasons. Firstly,
China’s economic development in the past relied, to a large extent, on large-scale investment,
demographic dividends, and net export surpluses due to cost advantages; however, as the
economic development entered a new stage, the advantages of promoting economic growth in
the past were gradually lost. If there is not a new impetus, economic development will not be
sustainable [44]. Secondly, with the improvement of living standards, people still place higher demands
on public services, social security, and environmental quality although social and environmental
sustainability has improved. In particular, the arrival of an aging society has posed unprecedented
challenges to the existing social security system and the frequent haze has aroused the concern
of the whole nation [45,46]. Therefore, it is imperative to enhance socially and environmentally
sustainable development.

Third, the efficiency of urbanization has not changed significantly. It improved slightly before
2006 and then declined slowly. When zooming in on the four aspects shown in Figure 2c, the labor
productivity has been continuously improving, the land use and resource efficiency has not changed
much, and the capital productivity has deteriorated. The reason can be summarized as follows.
The improvement of labor productivity in China may be closely related to two factors. The first is a
widening income gap between urban and rural areas and a large amount of rural surplus labor moving
to the cities, achieving the optimal allocation of labor resources [47]. The second is the popularization
of compulsory education: the expansion of higher education has greatly improved the productivity
of the labor force. According to China’s statistics, the number of migrant workers increased from
19.12 million in 1978 to 286 million in 2017 [3], while the average schooling years increased from
7.1 years in 1987 to 10.6 years in 2015 and the number of college students per 100,000 population
increased from 179 in 1987 to 2524 in 2015 [48]. Land use efficiency has always been at a low level,
which is likely related to “land financing.” According to the study, local governments intervene
in the operation of the land market through differentiated land price policies for the purpose of
achieving their GDP goals and increasing fiscal revenue, resulting in the over-supply of land [49].
The resource efficiency is affected by a number of complex factors, such as the industrial structure,
technology, energy structure, input prices, investment, etc. In the past three decades, the improvement
of technology and the increase of resource prices may improve the resource efficiency to a certain extent.
However, China is still in the middle stages of industrialization. The energy-intensive industries that
mainly consume steel, cement, and other basic raw materials account for a large proportion of the
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economy. The coal-based energy structure has not fundamentally changed [50]. All these may lead to
low resource efficiency. As a result of interaction, the resource efficiency in China has been at a low
level of stability. The main reason for the continuous decline in capital productivity may be excessive
investment leading to diminishing returns of scale. According to international experience, investment
accounts for an average of 20% to 30% of GDP in developing countries. However, investment has
contributed an average of 38.3% of China’s economic growth in the past four decades; this figure is as
high as 51.9% after 2000 [51]. Such long-term and large-scale investment has caused management risk
and inefficient allocation of capital [52].

Fourth, the urban–rural integration shows a trend of improvement after the deterioration of
the first two decades—that is, the gap between urban and rural areas expanded before 2005 but
narrowed after that. Specifically, as shown in Figure 2d, the income consumption gap between urban
and rural areas first expanded and then narrowed. The public services gap began to shrink but has
been expanding since 2011. In this regard, a reasonable explanation is the following. In the early
days of economic reform, the government put forward an economic development policy that allowed
some regions to get rich first and then help others get rich later. Under this policy, the government
strongly supported the development of developed regions, and the city gained more opportunities.
As a result, the gap between urban and rural areas started to widen. However, with the continuous
development of the economy, policymakers realized that the widening urban–rural gap may cause
social instability and unsustainable economic development. Therefore, the government has proposed
a strategy of “coordinating urban and rural development” and has formulated a series of policies
to promote rural development since 2002 [53]. The implementation of these policies has curbed the
expansion of the urban–rural gap; after several years of adjustment, the urban–rural gap began to
narrow and urban–rural integration gradually improved.
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4.2. The Spatial Difference of Urbanization Quality

In order to characterize the distribution of urbanization quality, this paper divides urbanization
quality into several categories. There has been no standard evaluation for urbanization quality.
Therefore, this paper divides the urbanization quality into five categories according to the normal
distribution rules and each level has an interval of 0.05. Since the minimum and maximum UQI across
regions is 0.40 and 0.81, therefore the average of UQI is 0.605. Suppose the medium quality category
ranges from 0.58 to 0.63, of which 0.605 is the average; we classify urbanization quality into five
categories: low quality (<0.53), low to medium quality (0.53–0.58), medium quality (0.58–0.63), medium to
high quality (0.63–0.68) and high quality (>0.68). By applying the results of four selected years 1985,
1995, 2005, and 2015 to ArcGIS, we obtain four spatial difference maps (Figure 3). The average and
difference of UQI of 30 provinces and the nation average are shown in Table 2.

From an overall point of view, the urbanization quality in China’s provinces has improved from
1985 to 2015, but there are also some differences between regions (Table 2 and Figure 3). In terms of the
level of development, which is reflected by the average UQI, Beijing and Shanghai have the highest
UQI, with an average UQI of 0.68 or above, which is in the high quality category; Ningxia and Guizhou
have the lowest UQI, with an average UQI of below 0.53, which is in the low quality category. In terms
of speed of development, which is reflected in the difference of UQI, the five fastest developing regions
are Beijing, Shandong, Tianjin, Sichuan, and Chongqing, yet the five slowest regions are Xinjiang,
Qinghai, Ningxia, Yunnan and Anhui.

These results can be analyzed on the basis of geographic location. Beijing and Shanghai are
China’s political and economic centers, respectively. Shandong and Tianjin are important ports of entry.
Sichuan and Chongqing are the hubs of science, technology, and trade in the southwest region. Due to
the geographical and policy advantages, all these provinces have experienced balanced development in
each dimension across our study period. As a consequence, urbanization results in higher quality of a
faster speed. In contrast, Ningxia, Guizhou, Xinjiang, Qinghai, and Yunan are remote and have weaker
economic foundations, backward infrastructure, and limited industrial development. All these regions
have disadvantages in the four aspects of urbanization. Taking Xinjiang and Qinghai as examples,
both show a trend of continuous declination in the efficiency of urbanization and the sustainability of
urban development. In conclusion, the geographic location is an important factor affecting the quality
of urbanization.

Table 2. The average and difference of UQI from 1985 to 2015.

Provinces Avg. Diff. Provinces Avg. Diff. Provinces Avg. Diff.

Beijing 0.72 0.21 Heilongjiang 0.62 0.16 Shaanxi 0.58 0.12
Shanghai 0.70 0.15 Hubei 0.62 0.12 Chongqing 0.58 0.17

Tianjin 0.67 0.18 The Nation Average 0.60 0.10 Guangxi 0.57 0.13
Jiangsu 0.66 0.15 Hunan 0.60 0.15 Xinjiang 0.56 0.02

Zhejiang 0.65 0.15 Hebei 0.60 0.15 Yunnan 0.56 0.10
Guangdong 0.65 0.17 Inner Mongolia 0.59 0.12 Gansu 0.54 0.16
Shandong 0.64 0.18 Henan 0.59 0.14 Qinghai 0.53 0.09

Fujian 0.63 0.14 Jiangxi 0.59 0.16 Guizhou 0.52 0.14
Jilin 0.62 0.13 Sichuan 0.59 0.18 Ningxia 0.5 0.09

Hainan 0.62 0.12 Shanxi 0.58 0.12
Liaoning 0.62 0.12 Anhui 0.58 0.11
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From a regional point of view, the urbanization quality in the eastern coastal areas is superior
to that in the central and western regions. Chronologically speaking, from 1985 to 1995, only Beijing,
Shanghai, Tianjin, and Jiangsu reached the medium to high quality category; the rest of the provinces
were in the low to medium quality or below categories. The provinces in the low to medium quality category
were mainly concentrated in the eastern coastal areas, such as Jilin, Liaoning, Heilongjiang, Zhejiang,
Shandong, Fujian, and Guangdong, and the provinces in the low quality category were located in the
central and western regions. In 2005, the number in the medium quality category and above provinces
increased to eighteen as Tianjin, Liaoning, Jiangsu, Zhejiang, Fujian, Shandong, and Guangdong all
reached the medium to high quality category; Beijing and Shanghai entered into the high quality category,
while most central provinces were in the medium quality category and the western regions were in the
low to medium quality category except Sichuan, which is medium quality. In 2015, among the eleven
eastern provinces, eight reached the high quality category except for Hebei, Liaoning, and Hainan;
among the eight central provinces, seven were in the medium to high quality category except for Shanxi,
while the western provinces varied a lot, in which Inner Mongolia, Chongqing, and Sichuan were in
the medium to high quality category, Qinghai and Ningxia were in the low to medium quality category
and the rest of the provinces were in the medium quality category. In general, the spatial difference of
urbanization quality is significant and shows a cluster distribution to a certain extent.

4.3. The Spatial Association of Urbanization Quality

4.3.1. Global Spatial Autocorrelation Analysis of Urbanization Quality

This paper uses GeoDa1.10 to calculate Moran’s I in the selected years 1985, 1995, 2005, and 2015
to conduct the global spatial autocorrelation analysis. Table 3 shows the Moran’s I of urbanization
quality and its four aspects.

It is apparent that all Moran’s I are positive and the Z scores are larger than the critical value (1.96)
at the 95% confidence level, indicating that the urbanization quality in China has a positive global
spatial autocorrelation every year, which means the urbanization quality in each province is affected
by its neighbor provinces. The Moran’s I of urbanization quality was the largest in 2005, indicating
the strongest spatial autocorrelation, while it decreased slightly in 2015. As for the four aspects of
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urbanization quality, the Moran’s I of urban–rural integration is generally larger than the other three
aspects, which means urban–rural integration has the strongest spatial autocorrelation among the four
aspects, yet the Moran’s I of the sustainability of urban development is generally smaller than the
other three aspects, which means it has the weakest spatial autocorrelation among the four aspects.

Table 3. The Moran’s I of urbanization quality from 1985 to 2015.

1985 1995 2005 2015

Moran’s I Z P Moran’s I Z P Moran’s I Z P Moran’s I Z P

the urbanization
quality 0.269 2.57 0.005 0.432 3.93 0.002 0.498 4.44 0.001 0.453 4.04 0.002

the quality of urban
development 0.353 3.27 0.001 0.364 3.45 0.002 0.403 3.74 0.001 0.321 3.00 0.006

the sustainability of
urban development 0.123 1.43 0.079 0.258 2.49 0.014 0.277 2.55 0.011 0.200 2.08 0.025

efficiency of
urbanization 0.396 3.71 0.003 0.307 2.95 0.006 0.243 2.59 0.014 0.363 3.38 0.002

urban–rural
integration 0.124 1.41 0.084 0.453 3.89 0.001 0.453 4.07 0.001 0.514 4.67 0.001

4.3.2. Local Spatial Autocorrelation Analysis of Urbanization Quality

Moran’s I examines the global spatial autocorrelation of urbanization quality from the whole
study area, but fails to reveal the spatial heterogeneity at a local level. Therefore, LISA is used to assess
the local clustering of urbanization quality. Figure 4 is LISA cluster maps for urbanization quality at
the 95% confidence level in the selected years 1985, 1995, 2005, and 2015. Several conclusions can be
drawn from these maps.Sustainability 2018, 10, x FOR PEER REVIEW  13 of 18 
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From the point of view of historical evolution, 50% of the provinces have an unchanged spatial
correlation during the study period, indicating that most provinces have a relatively stable spatial
correlation in urbanization quality, among which Shanghai, Jiangsu, Zhejiang, and Fujian are always
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in the High–High cluster areas (i.e., high-quality development has a positive spillover effect on its
neighbor’s urbanization process), while Gansu is always in the Low–Low cluster areas (i.e., low-quality
development has a negative impact on its neighbor’s urbanization process).

From the point of view of spatial distribution, the High–High cluster areas are mainly concentrated
in the eastern coastal areas, and its number increased from four provinces in 1985 to seven in
2015, forming a linkage area with obvious spillover effects. Due to the advantages for resources,
transportation, the environment, and preferential policies, the urbanization quality in these areas is
significantly higher than that of the central and western regions. These areas have become important
growth poles that stimulate the progress of urbanization in the surrounding areas.

The Low–Low cluster areas are mainly distributed in the western regions. Shaanxi and Yunnan
escaped the Low–Low cluster in 2015, but Xinjiang and Qinghai fell into the Low–Low cluster. The main
reason may be that the formers vigorously develop cultural tourism to promote the development of
cities by virtue of the advantages of natural resources. However, the latter, due to their geographical
disadvantages and the failure to fully exploit and utilize regional resources, have had a relatively
backward development.

The Low–High cluster areas are mainly located in Hebei, Anhui, Jiangxi, and Guizhou.
Hebei province is lower in urbanization quality compared with its surrounding regions of Beijing
and Tianjin. The main reason is that Beijing and Tianjin are superior in terms of capital, resources,
and policies since Beijing is the capital of the nation and Tianjin is the economic center of Bohai Bay Rim.
Hebei province has always played a supporting role by providing capital, labor, and other resources to
the other two areas, resulting in “siphon effects” in regional development [54]. For Anhui and Jiangxi,
they showed a Low–High cluster characteristic in 2005, indicating that the eastern coastal areas have not
only failed to promote urbanization in their neighboring inland provinces, but may even have squeezed
their development opportunities to some extent. Guizhou, relative to its neighboring provinces, is
disadvantaged in terms of resources and development opportunities, thus the urbanization process
is slow.

The High–Low cluster areas include Xinjiang, Hubei, and Sichuan. Xinjiang, as a communications
center of the ancient and modern Silk Road, relying on its mineral resources, agriculture,
and geographical advantages, was significantly more advanced in urban development than the
surrounding areas before 2005; however, it was sluggish after that and fell to the same level as the
surrounding area. Hubei, located in central China, relying on the geographical advantages and the
relatively developed industrial foundation as well as abundant human resources, is superior to the
surrounding areas in terms of urbanization quality. Sichuan transferred from the Low–Low cluster to
the High–Low cluster for two reasons. In addition to the geographical advantages and abundant natural
resources, the successful transfer may be more due to policies. In 1993, Chengdu, the capital of Sichuan
province, was established as southwest China’s science and technology, commerce, and financial center,
and its transportation and communication hub. Subsequently, Sichuan has been the first choice for
where to build a reform pilot area for China’s Western Development Campaign since 1999. In addition,
Sichuan is embracing unprecedented new opportunities for encountering with the policies of the Belt
and Road and Yangtze River Economic Belt. The superposition of various policies and opportunities
promoted the improvement of the urbanization quality in Sichuan.

5. Conclusions

In consideration of the inconsistency between China’s current officially announced level of
urbanization and the challenges to achieve and sustain actual urbanization quality, this paper constructs
a four-dimensional Urbanization Quality Index, which includes the quality of urban development,
the sustainability of urban development, the efficiency of urbanization, and the urban–rural integration
to analyze the urbanization quality in China from 1985 to 2015. The paper first uses the Deviation
Maximization Method to derive weights for a comprehensive assessment of the urbanization quality
and then reveals its spatial association by the Exploratory Spatial Data Analysis.
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The main findings are as follows. First, according to the analysis of spatial differences based
on the composite index (UQI), this paper concludes that the urbanization quality in China has
gradually increased over time, but there have been significant differences between regions—that
is, the urbanization quality in the eastern coastal areas was superior to that in the central and western
regions. The geographic location is an important factor that affects the urbanization quality. Second,
according to the analysis of the trends based on the secondary indexes, this paper draws on the
four aspects of urbanization quality: (i) the quality of urban development has steadily increased,
but two of its secondary indexes, economic development and ecological environment, need to be
further improved; (ii) the sustainability of urban development has shown a downward trend in recent
years due to a continued decline in economic sustainability; (iii) the efficiency of urbanization has
declined slightly due to capital, land use and resource efficiency constraints; (iv) the urban–rural
integration deteriorated in the early years, but then improved over time because policies to narrow the
gap between urban and rural areas were implemented well. Third, according to the analysis of spatial
association based on the composite index (UQI), this paper found that the urbanization quality among
the 30 provinces has a significant positive global spatial autocorrelation. However the local spatial
autocorrelation varies from eastern to western, that is, the High–High cluster areas in the eastern coastal
areas enlarged over time, while the Low–Low cluster areas in the western regions experienced dynamic
change; the Low–High cluster areas were mainly located in the Hebei, Anhui, Jiangxi, and Guizhou and
the High–Low cluster areas were in Xinjiang, Hubei, and Sichuan.

Based on these findings, this paper concludes with policy recommendations for improving
urbanization quality in China. First, since urbanization is a complex process involving population,
economics, social issues, culture, environment, geographical development, etc., all these aspects should
be taken into consideration when improving the urbanization quality. According to our research,
the urbanization quality in China improved slowly due to the emphasis on the urban economic
development and infrastructure, but ignored other aspects, such as social issues, environmental
concerns, energy use and capital efficiency, urban–rural integration, and sustainability. Consequentially,
these ignored aspects dragged down the overall improvement of the urbanization quality. Thus,
policy makers should make it clear that urbanization involves not only economic development but
also the other important aspects mentioned above. During the process of urbanization, people should
be placed at the center, and the social problems related to them should be solved preferentially.
The government should promote the social integration of migrant workers by carrying out a series
of reforms on household registration, land transfer, social security, and other effective systems,
and modernize the lifestyle of migrant workers through improving public services. In this way,
migrant workers will benefit from complete urbanization. Moreover, the efficiency and sustainability of
urbanization should be given more attention. The government should improve the efficiency of capital,
land, and energy utilization through technological and institutional innovations and cut down on
waste and pollution through industrial structural upgrading. Furthermore, the urban–rural integration
should be emphasized. The government should guide the investment transfer to rural infrastructure
and public services, lay out transportation networks between city and country, and optimize the
allocation of industries and resources between urban and rural areas to achieve urban–rural integration.

Second, due to the obvious regional differences in the urbanization quality, each region should
formulate a differentiated urbanization strategy based on its own characteristics. According to the
results, the spatial difference of urbanization quality is largely determined by the natural resources
endowments and policies. Therefore, each region should fully tap into its own advantages and adapt
to local conditions. Specifically, eastern regions were the first experimental areas of economic reform
by virtue of their advantageous location. The export-oriented development model has promoted
the growth of a large number of labor-intensive enterprises and absorbed the rural surplus labor
force to the maximum extent. Next, urbanization should focus on industrial structural upgrading.
By building green cities, smart cities, or compact cities [20], the eastern regions will gradually form a
sustainable urban circle with obvious advantages and a strong spatial correlation. The central regions
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have advantages in terms of transportation and resources, as they are a junction that connects east and
west and south and north, which is an important driving force for their urbanization. The rich mineral
resources and grain output have also laid a solid foundation for urbanization. Afterward, the foci of
urbanization should be to scientifically guide the return of migrant workers, expand the existing urban
agglomeration, and increase the radiation effect of the big cities in the region. However, the western
regions lack natural resources and the internal motivation of urbanization. The policy factor is the
driving force of urbanization. Therefore, the western regions should seize the opportunity, exploit
the comparative advantages of labor and capital, and develop characteristic agriculture, tourism,
labor-intensive light industries, and service industries that are compatible with the local resources and
environment, to gradually narrow the gap with the central and eastern regions.

Third, for the evident spatial correlation of the urbanization quality, the promotion of urbanization
quality should focus on the synergy effect between regions. Based on the results, the urbanization
quality not only has a significant global spatial autocorrelation, but also forms four types of local
clusters. In reality, China has currently formed an urban development pattern dominated by the urban
agglomeration of the Yangtze River Delta, the Pearl River Delta, Beijing–Tianjin–Hebei, the middle
reaches of the Yangtze River, and Chengdu–Chongqing. Therefore, the synergy effect between the
regions is not only supported by theory, but also rooted in practice. In terms of specific policies,
the top-level design should be given the first priority. The government should draw up regional
long-term development strategies based on location characteristics and resource endowments to
form an urban spatial structure with complementary functions and regional linkage. Moreover,
a common goal for regional development is important. By setting a common goal, the regions can
systematically deal with the problems of regional development imbalance, resource constraints, etc.
Finally, good opportunities can multiply the synergy effect. China is conducting the three strategies
of One Belt and One Road, the coordinated development of Beijing–Tianjin–Hebei, and the Yangtze
River Economic Belt. The grand strategies will form a regional development pattern: the east leading,
the central rising, the northeast revitalizing, and the west developing. If the government seizes these
opportunities, urbanization will benefit from the synergy effect.
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