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Abstract: After the first industrial revolution, urbanization level worldwide has increased rapidly.
As the largest developing country in the world, China has witnessed a rapid improvement in its
urbanization level in recent years. Nevertheless, the quality of urbanization has not been improved
simultaneously. The relationship between the level and the quality of urbanization has thus become
a hot topic for researchers. By introducing the concept and model of decoupling in the field of
resources and environment into the analysis of urbanization level and quality, this study evaluated
the relationship between urbanization level and urbanization quality of 285 prefecture-level cities
in China from 2005 to 2014. It was found that: (1) The urbanization level and urbanization quality
in China are unbalanced because the former is growing in a faster rate than the latter. The average
urbanization level of China has increased by 27.40% from 42.99% in 2005 to 54.77% in 2014, while the
increase of urbanization quality, however, is much slower with only 11.21% for the same period. It can
be concluded that China has paid more attention to urbanization level than urbanization quality.
(2) From 2005 to 2014, the relationship between China’s urbanization level and quality showed a total
of eight decoupling states, of which the main ones were strong negative decoupling (non-ideal state)
and growth negative decoupling (close to ideal state), accounting for 38.32% and 33.49% of the total
number of samples in China, respectively. (3) The change of urbanization level and urbanization
quality in China can be divided into two stages: for the first stage from 2005 to 2010, with rapid
improvement in urbanization level, and the other from 2011 to 2014, with rapid improvement in
urbanization quality. (4) Spatially, the areas with significant decoupling between urbanization level
and urbanization quality are mainly distributed in underdeveloped areas such as the west; and the
decoupling presents the spatial pattern of the highest in the west, the second in the middle, and the
lowest in the east.
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1. Introduction

In the late 18th century, the first industrial revolution brought about technological reform as well
as social change, promoting the rapid development of urbanization worldwide. By 2019, the world’s
urbanization level has reached 54%, including 82% in North America, 74% in Europe and 68% in
Oceania, and 49% and 43% in Asia and Africa [1]. The urbanization rates in developed countries
have been relatively high and stable. In recent years, the urbanization of developing countries
has made major contributions to the development of urbanization in the world. During 2008–2018,
China’s urbanization rate has seen an annual growth of 1.26% from 46.99% to 59.58%, while in Australia,
only a 0.01% annual growth from 84.94% to 86.01% [2].

On the one hand, urbanization promotes regional economic development [3], industrial
development [4] and sports culture communication [5]. While on the other hand, due to one-sided
pursuit of urbanization development speed, problems of poor urbanization quality in some regions
emerge. For example, urban slums appeared in India during its urbanization process. A study of
Mumbai found [6] that 23% of people in urban slums may have high-risk suffering from mental
disorders due to poor urbanization quality and other reasons. In addition, the investigation of health
facilities in Orissa area shows [7] that many health problems are caused by the unsound sanitation
facilities in the process of urbanization. In addition, unreasonable rapid urbanization will also have
many negative effects on the ecological environment. For example, rapid urbanization occupies a large
number of ecological land [8–10], causing water and air pollution [11,12], leading to the reduction of
biodiversity (such as the density decrease of bird and vegetation) [13], reducing the service function of
the ecosystem [14], and even causing the change of the global food structure [15]. The low quality
problem caused by the excessive pursuit of urbanization level intensifies the contradiction between
resources, environment and population, which is already severe and fragile. Therefore, to clarify
the quantitative relationship between the quality and the level of urbanization, and promote their
coordinated development, has become the key to solve the problems above.

The term “urbanization quality” is a comprehensive concept reflecting the quality of urbanization,
which corresponds to the level of urbanization [16,17]. The level of urbanization is generally expressed by
demographic indicators, i.e., the proportion of urban population to the total population [18,19]. However,
the quality of urbanization is expressed by a series of composite indicators reflecting the quality of
urbanization, which is far more complicated than the level of urbanization [20,21]. For the researches on
the early stage of urbanization, urbanization is generally understood as the population shift from rural to
urban areas, the expansion of urban area [22,23] and the enhancement of economic strength [24]. With the
deepening of research, researchers began to realize that urbanization is not a simple shift of population,
land and economy, but the shift of many lifestyles, cultures and values accompanying these shift
processes [25–27]. Therefore, they began to pay attention to the quality of urban life [28,29], and raised the
judging standard to judge the urbanization quality by the level of residents’ living standard. At present,
there are three types of internationally influential urbanization quality evaluation systems. One is the
index system established by the British geographer Cloke in the 1970s [30–33], which is composed of
16 indexes from the aspects of population, occupation, living environment and distance from the urban
center. The second is the urbanization quality evaluation system established by United Nations Centre for
Human Settlements (habitat), which is representative in the international urbanization quality evaluation
and mainly includes City Development Index (CDI) and Urban Indicators Guideline (UIG) [34–37].
The third is Index System of Urban Modernization, mainly including per capita GDP, the proportion
of tertiary industry in GDP, the proportion of non-illiterate population, and the proportion of added
value of agriculture in GDP [38–40]. At present, the research on the quality of urbanization mainly
focuses on the construction of an index system [21], comprehensive measurement [41], and coordinated
development of population, economy and land [17,29,42]. It can be seen that building a multi-index
system to assess the urbanization quality has been widely adopted in related researches.

Considering the close relationship between the level and the quality of urbanization, many
researchers have carried out related researches to reveal the impact of level on the quality. For example,
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Shuang [43] constructed the urbanization level evaluation system by 4 indexes of GDP, population
density, proportion of non-agricultural population and proportion of non-agricultural output value,
and constructed the urbanization quality evaluation system by 28 indexes from four aspects of economic
development, quality of life, social development and ecological environment. Then, they took Baoshan
District of Shanghai as an example to discuss the relationship between level and quality of urbanization.
Hu [44] firstly sought the optimal pattern of level and speed of urbanization by applying optimal
control theory, and then constructed the urbanization quality evaluation system by 31 index systems
from aspects including urbanization development coordination degree and sustainable development
level of urbanization. After that, Hu discerned the relationship between the urbanization level and
quality based on the coupling analysis of the two index systems. In general, there are relatively few
studies on the level and the quality of urbanization. In addition, the case areas for research are mostly
at a relatively small scale (for example, at the district/county level) rather than at the national scale.
Due to the huge regional differences, the conclusions obtained from small regions may not necessarily
be applicable in other regions.

Theoretically, overhasty urbanization will inevitably lead to a decline in urbanization quality.
However, possibilities exist that new technology and policy will bring about rapid development of
urbanization level at the same time of ensuring urbanization quality, i.e., achieving decoupling of the
level and the quality of urbanization. “Decoupling” theory was first put forward by the Organization
for Economic Co-operation and Development (OECD) [45]. At present, there are many researches on
decoupling; for example, some studied the relationship between energy supply and human development
in many countries over many years based on the decoupling index of energy footprint. It was found
that thanks to the improvement of energy efficiency, the energy supply and human development in
high-income countries and low-energy consumption countries have been decoupled [46]. In terms of
the decoupling between economic growth and carbon emissions, Wang et al. [47] analyzed the coupling
relationship between energy carbon emissions and economic growth in Guangdong Province by applying
Tapio decoupling model. It was found that Guangdong realized the decoupling of energy-related carbon
emissions and economic growth by adjusting the energy structure and industrial structure. Wu et al. [48]
analyzed the coupling trend of world economic growth and carbon dioxide emissions from 1965 to
2015 by adopting the decoupling elasticity analysis (TEA) and IGTX decoupling model. The results
showed that the decoupling degree of economic growth and carbon dioxide emissions was high in
developed countries, but was unstable and lacked regularity in developing countries. Li et al. [49]
studied the decoupling relationship between China’s urban economic growth and carbon emissions
from 2000 to 2015 focusing on the central plains urban agglomeration. The study found that among
the Central Plains of China, a small number of cities achieved strong decoupling, most cities achieved
weak decoupling, and some cities showed an irregular decoupling state. Zhang et al. [50] analyzed
the decoupling relationship between land use intensity and ecological environment by applying the
decoupling model. The study found that with the input of labor and capital, the land use intensity and
ecological environment in Gansu province of China have been decoupled. It can be seen that existing
researches have focused on the decoupling of economic growth and carbon emissions, economic growth
and pollution, and few have involved decoupling of the level and the quality of urbanization.

In summary, tremendous researches have been conducted in terms of the quality of urbanization as
well as the evaluation of urbanization level. However, few have been seen on quantitative measurement
of the synergy between urbanization level and urbanization quality. Qualitative or semi-quantitative
methods are mainly used in existing researches, and theories and methods of other fields are seldom
used. In addition, the existing researches on the relationship between the level and the quality of
urbanization are mostly carried out in small areas at the district or county level instead of macro
national level, which is not conducive to the systematic summary of the relationship between the
two. Therefore, by taking 285 prefecture-level cities as examples, and establishing a comprehensive
index system of urbanization quality and introducing the concept of “decoupling” in the field of
environment, this paper systematically evaluates the relationship between urbanization level and
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urbanization quality. Specifically, the research objectives of this paper are as follows: (1) systematically
evaluate the urbanization quality of 285 prefecture-level cities in China, and reveal the regional
differences of urbanization quality in China; (2) quantitatively evaluate the coupling relationship
between China’s urbanization quality and urbanization level by using decoupling model; (3) reveal
the regional differences between urbanization quality and urbanization level in China.

2. Method and Data

2.1. Measurement of Urbanization Level

At present, urbanization level is generally evaluated by population index or composite index, of
which the former one is most commonly used. In this study, urbanization rate is used as the single
index reflecting the urbanization level, i.e., the proportion of urban population to the total population:

U= Pu/P (1)

where U represents urbanization level, PU represents urban population, P represents total population.

2.1.1. Evaluation of Urbanization Quality

The quality of urbanization involves the fundamental changes of economic structure,
social structure, mode of production and lifestyle. In this paper, the urbanization quality is also
evaluated from these aspects. Based on the existing results [17,29,38–40,42] of comprehensive
measurement index system and following the principles of systematicness, integrity, effectiveness,
scientificity and operability, we constructed the urbanization quality evaluation index system involving
4 categories and 25 sub-categories. Among them, land urbanization quality indexes mainly reflect the
changes of regional landscape, economic urbanization quality indexes mainly reflect the changes of
economic structure, social urbanization quality indexes mainly reflect the changes of residents’ lifestyle,
and ecological urbanization quality indexes mainly reflect the changes of urban living environment.

The selection of indicators for evaluating the quality of urbanization in this study mainly
references previous researches. As a whole, the urbanization quality of this study mainly considers
four kinds of factors: land urbanization quality, economic urbanization quality, social urbanization
quality, and ecological urbanization quality. This assessment framework of urbanization quality
mainly references the research of Zhang and Wang [17]. In the research of Zhang and Wang,
they selected indicators to evaluate the quality of urbanization from four aspects: the suitability
of land urbanization, the economic benefits of urban land use, social benefits and ecological benefits.
Using this research framework, we selected 25 indicators from four aspects of land urbanization quality,
economic urbanization quality, social urbanization quality, and ecological urbanization quality to
evaluate the quality of urbanization. Among them, land urbanization quality mainly reflects the changes
of regional landscape and its impact on the quality of urbanization. Economic urbanization quality
is an important factor to measure the quality of urbanization, mainly reflecting the transformation
of the economic structure of the city. Social urbanization quality aims to reflect the social effects of
urbanization quality and reflect the changes in residents’ lifestyles. Ecological urbanization quality is
not only an important manifestation of the quality of life of residents, but also reflects the changes in the
urban living environment.

We have selected 25 indicators from the above four urbanization quality factors to evaluate the
urbanization quality (Table 1). For land urbanization quality, we mainly consider the indicators of
urban infrastructure construction and urban land structure [38]. For economic urbanization quality,
we mainly consider the urban employment, economic output and other indicators [39,40]. For social
urbanization quality, we mainly consider the indicators of urban residents’ medical treatment and
cultural life [38–40]. For ecological urbanization quality, we mainly consider the city’s ability to deal
with pollution and waste, and indicators of environmental protection investment [39,40].
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Table 1. Comprehensive evaluation index system of urbanization quality.

Classification Index Meaning

Land
urbanization

quality

Per capita built-up area (m2/person) Total urban population/built-up area

GDP output value per unit area (10,000 yuan/km2) Urban GDP/urban built-up area

Per capita public green space area (m2/person)
Urban public green space area/urban

non-agricultural population

Urban road area per capita (m2) Area of urban roads/total urban population

Economic
urbanization

quality

Employed population in secondary and tertiary
industries (10,000 person)

Population engaged in secondary and
tertiary industries

Proportion of tertiary industry population (%) Population engaged in tertiary
industry/total population

Proportion of secondary industry output value (%) Added value of secondary industry/GDP

Proportion of tertiary industry output value (%) Added value of tertiary industry/GDP

Total industrial output value (10,000 yuan)

Revenue from principal business of the
current period + cost price of goods in stock
at the end of the period − cost price of goods

in stock at the beginning of the period

GDP (10,000 yuan) Gross Domestic Product

Per capita GDP (yuan) Total output (total GDP, i.e., total output of
social goods and services)/total population

GDP growth rate (%)

The proportion of the increase within a
certain period of time in the market value of

all final products produced by the use of
production factors over the previous period

Social
urbanization

quality

Public financial revenue per capita (yuan) Total financial revenue/national population

Per capita public financial expenditure (yuan) Total financial expenditure/national
population

Per capita deposit in RMB (yuan)
Residents deposit in RMB in domestic
banking financial institutions and the

central bank/total population

Average wage of employees in service (yuan) The average amount of monetary wage per
employee in a certain period of time

Number of public library books per 100 person
(book/volume)

Number of books in public library
(volume)/urban population (100 person)

Number of college students per 10,000 person
(person)

College students (person)/urban population
(10,000 person)

Number of buses owned per 10,000 person (unit)
All kinds of buses in urban area
(unit)/population in urban area

(10,000 person)

Bed number owned per 10,000 person (beds) Total number of beds in urban
area/population in urban area (10,000)

Number of doctors owned per 10,000 person
(person)

Number of urban doctors/urban population
(10,000 person)

Ecological
urbanization

quality

Green area of built-up area (%) Total green land area in urban built-up
area/total land area in urban built-up area

Ratio of general industrial solid wastes utilized (%) Industrial solid waste comprehensive
utilization/industrial solid waste production

Centralized treatment rate of sewage treatment
plant (%)

Removal amount of pollution factors in
sewage/total amount of sewage

Harmless treatment rate of domestic waste (%) Quantity of waste handled by harmless
treatment/total domestic waste
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Multiple indexes are included in urbanization quality evaluation and the indexes vary in
information amount. This affected the comprehensive evaluation of urbanization quality and the
corresponding weights. In this paper, entropy method is adopted to determine the weight of
urbanization quality index and calculate the comprehensive score of urbanization quality. Determining
the weight by entropy method can not only overcome the randomness and presumption that are
unavoidable in subjective weighting method, but also effectively solve the problem of overlapping
information between multiple index variables.

Entropy method is a mathematical method used to judge the degree of dispersion of an index.
The greater the degree of dispersion, the greater the impact of this indicator on the comprehensive
evaluation. In information theory, entropy is a measure of uncertainty. The greater the amount of
information, the smaller the uncertainty and the smaller the entropy. According to the characteristics
of entropy, we can judge the randomness and disorder degree of an event by calculating the entropy
value, and can also use the entropy value to judge the degree of dispersion of an index. The greater
the degree of dispersion of the index, the better the index has for comprehensive evaluation, and the
greater the impact.

The steps for entropy method are as follows:
(1) Standardize the data: The initial data needs to be standardized as the indexes vary in dimensions

and magnitudes.
X′i j =

(
Xi j −min

{
X j

})
/
(
max

{
X j

}
−min

{
X j

})
(2)

where Xi j represents the initial value of the city number i and the index number j, X′i j represents the
value after standardization.

(2) Calculate the proportion (Yij) of the value of index number j of the city number i:

Yi j = X′i j/
m∑

i=1

X′i j (3)

(3) Calculate the entropy value (ej) of the index number j:

e j = −k
m∑

i=1

Yi j ln Yi j (4)

where k = 1/ ln m, and m represents the number of index.
(4) Calculate the coefficient of variation (Dj) of index number j:

D j = 1− e j (5)

(5) Calculate the weight (wj) of index number j:

w j = D j/
m∑

j=1

D j (6)

(6) Calculate the score of single index (Sij):

Si j = w j ×X′i j (7)

(7) Comprehensive score (Si) of urbanization quality of the city number i:

Si =
n∑
j

Si j (8)
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2.1.2. Decoupling Analysis

“Decoupling” originated in the field of physics. It originally referred to the phenomenon that the
response relationship between two or more physical quantities no longer exists in physics. At present,
it is widely used in the fields of resources and environment, economic development and environmental
pressure and agricultural policy. With the further development of decoupling theory, Tapio improved
the decoupling model, proposed eight decoupling types, and made an empirical study on urban traffic
in Finland [51]. In this paper, the decoupling model developed by Tapio is applied to the analysis of
urban level and urbanization quality. The formula for decoupling model of urbanization level and
urbanization quality constructed is as follows:

t(UDI, UDQI) = (∆%UDI/UDI)/(∆%UDQI/UDQI) (9)

where t (UDI,UDQI) represents the decoupling degree between the urbanization level and the
urbanization quality, UDI represents the urbanization level, UDQI represents the urbanization quality,
∆%UDI represents the change rate of the urbanization level, and ∆%UDQI represents the change rate
of the urbanization quality.

Based on the decoupling elasticity, the decoupling of urbanization level and urbanization
quality can be further divided into eight types and, namely weak negative decoupling, strong negative
decoupling, expansive negative decoupling, weak decoupling, strong decoupling, declining decoupling,
declining connection and expansive connection (Table 2). Among them, weak decoupling means
that both urbanization level and urbanization quality are rising in growth rate, and urbanization
quality growth rate is higher than urbanization level (Figure 1); weak negative decoupling means that
both urbanization level and urbanization quality are declining in growth rate, and the decline rate
of urbanization quality is greater than urbanization level; expansive connection represents that both
urbanization level and urbanization quality are rising in growth rate, and the rising rate is roughly
the same; declining connection means the urbanization level and urbanization quality are declining
in growth rate, and the decline rate is roughly the same; expansive negative decoupling means that
both the urbanization level and the urbanization quality are rising in growth rate, but the urbanization
level growth rate is greater than the urbanization quality; declining decoupling represents that both
the urbanization level and urbanization quality are declining in growth rate, and the decline rate of
urbanization level is greater than the quality of urbanization; strong negative decoupling means that
the growth rate of urbanization level continues to rise, while the growth rate of urbanization quality
is declining; strong decoupling means that the growth rate of urbanization quality continues to rise,
while the growth rate of urbanization level is declining.

Table 2. Decoupling classification.

Decoupling State
Growth Rate of

Urbanization
Level

Growth Rate of
Urbanization

Quality
Elasticity T

Negative
decoupling

Weak negative decoupling <0 <0 0 ≤ t < 0.8
Strong negative decoupling ≥0 <0 t ≤ 0

Expansive negative decoupling ≥0 ≥0 t > 1.2

Decoupling
Declining decoupling <0 <0 t > 1.2

Strong decoupling <0 ≥0 t < 0
Weak decoupling >0 ≥0 0 ≤ t < 0.8

Connection
Declining connection <0 <0 0.8 < t < 1.2
Expansive connection ≥0 ≥0 0.8 < t < 1.2

The eight decoupling types mentioned above are divided into three types: ideal state, close
to ideal state and non-ideal state. Among which, expansive connection is ideal state; expansive
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negative decoupling and weak decoupling belong to close to ideal state; strong negative decoupling,
strong decoupling, weak negative decoupling, declining decoupling and declining connection belong
to non-ideal state.
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2.2. Data Source

The data used in this research mainly come from China City Statistical Yearbook. The statistical
yearbook of 285 prefecture-level cities and the bulletin of national economic and social development
of prefecture-level cities were downloaded from the website of the National Bureau of Statistics of
China [50,52]. By going through these resources, data of urbanization level and urbanization quality
related to 285 prefecture-level and above cities are obtained. Part of the index data is obtained by
processing and calculating the data obtained from the statistical yearbook.

3. Results

3.1. Changes of Urbanization Level in China

In nearly 30 years of development after reform and opening up, China’s urbanization level has
been rapidly improved. The overall urbanization level in China reached 42.99% in 2005 and further
increased to 54.77% in 2014, achieving an increase of 11.78%. Seen from regional distribution of
urbanization level, it shows a gradual decline from east to central and then to west (Figure 2). In 2014,
Shenzhen, a city in the eastern region, was the highest in urbanization level as it reached 100%; however,
the city lowest in urbanization level was Longnan in the western region and rated 23.37%, less than a
quarter of Shenzhen.
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The urbanization rate from 0% to 100% are divided into nine sections to further analyze the
characteristics of urbanization level of prefecture-level cities in China (Table 3). It can be found after
analysis that: (1) The urbanization level in China is increasing in general, and urbanization level of
most cities has been steadily improved year by year with a few exceptions. In 2005, the number of
cities in the nine sections were 7, 47, 91, 63, 40, 15, 11, 9, and 3, respectively. In 2014, the numbers were
0, 4, 32, 92, 71, 49, 19, 15 and 6, respectively. In 2005, most cities fell into the urbanization rate section
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30–40%, accounting for 31.8% of the total cities but decreased to 11.1% in 2014. In 2014, most cities
fell into the urbanization rate section with 40–50%, accounting for 31.9% of the total cities, which was
increased from 22% in 2005. (2) Fewer cities fell into relatively low or high urbanization rate sections;
the proportion of cities in the range of 10–20% fell from 2.4% in 2005 to 0% in 2014; the proportion of
cities in the range of 90–100% increased from 1% in 2005 to 2.1% in 2014. (3) The most obvious change
in the number of cities is the range of 30–40%. The level of urbanization gradually shifts to 40–50% and
50–60%. In 2014, the city with urbanization level of 55% outnumbered that of 50% (Table 3).

Table 3. Number of prefecture-level cities at different levels of urbanization from 2005 to 2014 in China.

Urbanization Rate
Year

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

10%~20% 7 3 3 3 2 1 0 0 0 0
20%~30% 47 42 30 15 14 20 10 8 5 4
30%~40% 91 95 91 95 88 67 60 50 39 32
40%~50% 63 66 75 77 77 74 93 89 91 92
50%~60% 40 35 34 40 44 48 50 62 69 71
60%~70% 15 24 30 32 37 45 43 45 47 49
70%~80% 11 6 6 8 8 16 13 14 16 19
80%~90% 9 13 12 11 10 9 11 13 14 15

90%~100% 3 2 5 5 6 6 6 6 6 6

3.2. Change of Urbanization Quality

Generally speaking, the comprehensive score of urbanization quality in China shows an overall
growth trend from 2005 to 2014. Except for a slight decrease in some cities in 2008–2010, the rest of the
cities showed an upward trend in all years (Figure 3), and the national average score of urbanization
quality increased from 0.107 in 2005 to 0.119 in 2014.

In 2005, twelve cities including Dingxi, Shangluo, Suining, Longnan, Guigang, Lu’an, Baoshan,
Zhaotong, Suzhou (Anhui), Neijiang, Chongzuo and Laibin City, which are mainly distributed in the
central and western regions (Figure 3), had a comprehensive score of urbanization quality below 0.050;
and only Shenzhen, Shanghai, Beijing and Guangzhou had a comprehensive score of urbanization
quality over 0.300. These cities showed a dotted and centralized distribution in the Beijing-Tianjin-Hebei,
Yangtze River Delta and Pearl River Delta Urban Agglomerations.

The quality of urbanization improved in China in 2014. On the one hand, the number of cities
with the comprehensive score of urbanization quality below 0.050 has dropped to 3, namely Dingxi,
Guigang and Longnan; and on the other hand, the number of cities with the comprehensive score of
urbanization quality above 0.30 has increased to 8, namely Shenzhen, Shanghai, Beijing, Guangzhou,
Dongguan, Tianjin, Nanjing and Wuhan.

There are obvious regional differences in the quality of urbanization in China (Figure 3). Endowed
with superior location and high economic level, coastal cities in the eastern region mark have
higher urbanization quality scores. In the contrary, northwestern and southwestern cities with
relatively backward economic development tend to have lower scores. In 2014, among the cities with
comprehensive score of urbanization quality above 0.200, the eastern region accounted for 69.23%,
the central region accounted for 19.23%, and the western region accounted for 11.54%. The central
and western cities with the comprehensive score of urbanization quality below 0.200 accounted for
more than 67.95%. It can be seen that the cities with higher urbanization quality are distributed in
the eastern region, while the cities with lower urbanization quality are distributed in the central and
western regions, and the basic patterns show no significant change.
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3.3. Decoupling States

From 2006 to 2014, there are eight decoupling states in the relationship between urbanization
level and urbanization quality of cities at prefecture-level and above in China, among which, the main
decoupling states are strong negative decoupling and expansive negative decoupling, accounting
for 38.32% and 33.49% of the total sample number in China (Table 4), respectively. This shows that
both the level and quality of urbanization increase significantly, but on the whole, the growth rate of
urbanization quality is lower than that of urbanization level. Based on the relationship between the
growth rate of the level of urbanization and the quality of urbanization, the research period can be
divided into two stages: 2006–2010 and 2011–2014.

Table 4. Decoupling number.

Decoupling
State

Weak
Negative

Decoupling

Strong
Negative

Decoupling

Expansive
Negative

Decoupling

Declining
Decoupling

Strong
Decoupling

Weak
Decoupling

Declining
Connection

Expansive
Connection

2006 14 181 53 24 2 8 1 2
2007 9 71 114 2 18 53 1 17
2008 12 165 72 19 8 9 0 0
2009 9 41 129 4 14 61 0 27
2010 29 178 21 46 5 2 4 0
2011 8 82 125 10 28 23 0 9
2012 11 74 145 10 13 26 0 6
2013 11 117 94 5 17 25 1 15
2014 8 74 106 2 7 60 1 27

Stage I (2006–2010): It mainly experienced the process of strong negative decoupling—expansive
negative decoupling—strong negative decoupling—expansive negative decoupling—strong negative
decoupling (Figure 4). Strong negative decoupling and expansive negative decoupling are the main
decoupling types in this period. On average, there are more than 127 and 77 cities with strong
negative decoupling and expansive negative decoupling each year, respectively, accounting for 71.93%
in total. However, annually, on average, there are only 36 cities with strong decoupling and weak
decoupling, accounting for 12.63%, far less than that of strong negative decoupling and expansive
negative decoupling, and higher in fluctuation range. For example, in 2006, the cities of strong
decoupling and weak decoupling numbered 2 and 8, respectively, but in 2009, they numbered 14 and
61, respectively. It shows that, while the level of urbanization in China continued to increase during this
period, the quality of urbanization showed a fluctuating increase, and the increase rate of urbanization
quality was lower than that of urbanization level.

Stage II (2011–2014): Strong negative decoupling and expansive negative decoupling are also the
main decoupling types in this period (Figure 5). On average, there are more than 86 and 117 cities
with strong negative decoupling and expansive negative decoupling each year, respectively. On the
whole, compared with the previous stage, the number of cities with strong negative decoupling
decreased by 41, while that of expansive negative decoupling increased by 40. The proportion of strong
decoupling and weak decoupling increased from 12.63% in the previous stage to 17.45%. Among them,
the number of weak decoupling reached 60 in 2014, and the number of expansive connections reached
27. This shows that both the urbanization level and urbanization quality improved in China during this
period, dominated by the growth of urbanization level. However, compared with stage I, the growth
rate of urbanization quality in this period is more significant. For example, the number of cities whose
growth rate of urbanization quality is higher than the urbanization level in 2014 is 20.00% higher than
that in 2006.

The decoupling degree of urbanization level and quality in China has gradually increased
from east to west. In the west, the decoupling degree of urbanization level and quality is the
highest, the mutual promotion of the two is weak, and the improvement of urbanization level cannot
effectively drive the improvement of urbanization quality. The reason is that the level and quality
of urbanization in the western region are low due to the limitations of its own location conditions,
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economic development level and resources, and environment carrying capacity. In the process of
urbanization development, more attention has been paid to the improvement of urbanization level,
and the construction of urbanization quality is ignored, so the decoupling degree is most obvious.
On the contrary, compared with the western region, the eastern region has superior location conditions,
higher economic development level, and its urbanization level has been in a higher stage. In the
process of urban development, the level of urbanization is no longer the main goal, and more attention
tends to be paid to the improvement of the quality of urbanization. The improvement of urbanization
level can effectively promote the improvement of urbanization quality, so the degree of decoupling
is relatively low. The level and quality of urbanization in the central region lies in the middle of the
eastern and western regions; it is also the case for its decoupling degree of urbanization level and
urbanization quality because it is weaker than that of the western region, but stronger than that of the
eastern region.Sustainability 2020 11, x FOR PEER REVIEW 13 of 18 
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4. Conclusions and Discussion

We analyzed the decoupling status between urbanization level and urbanization quality in China.
The results show that the level and quality of urbanization have not been improved simultaneously in
China, and the growth rate of urbanization level is higher than that of urbanization quality. The level of
urbanization in China increased from 42.99% in 2005 to 57.35% in 2016, but the quality of urbanization
improves at a slower rate. The comprehensive score of national urbanization quality only achieved
an increase of 0.012 from 0.107 in 2005 to 0.119 in 2014. Moreover, the cities in ideal decoupling
type—expansive connection state—are less than 12 each year on average, accounting for only 4.02%.
The basic pattern of urbanization level and urbanization quality in the non-ideal state has not changed,
which is extremely challenging. In particular, the development mode of paying more attention to
urbanization level than urbanization quality has hindered the coordinated development of China’s
urbanization, resulting in frequent occurrence of strong negative decoupling types. Therefore, in the
process of urbanization construction, attention should be paid to the improvement of urbanization
quality while improving the urbanization level, ensuring them in an ideal growth state.

In China, the urbanization developed is mainly based on the coexistence of continuous growth of
urbanization level and fluctuating growth of urbanization quality. From 2006 to 2014, the relationship
between urbanization level and urbanization quality in China showed a total of eight decoupling
states, among which, the main ones are strong negative decoupling and expansive negative decoupling,
accounting for 38.32% and 33.49%, respectively, of the total national sample, showing the simultaneous
improvement of the urbanization quality and the urbanization level, and the growth rate of urbanization
quality is lower than that of urbanization level. Based on the relationship between the growth rate of
the level and the quality of urbanization, the research period can be divided into two stages: for the
first stage from 2006 to 2010, with rapid and obvious improvement in urbanization level, and relatively
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slow improvement in urbanization quality, and the other stage from 2011 to 2014, with rapid and
significant improvement in urbanization quality.

Spatially, the decoupling degree of urbanization level and urbanization quality in China is
gradually weakened from west to east. Significant decoupling areas are concentrated in the western
and other economically backward areas, and the decoupling rate in eastern region is lower. The different
degree of decoupling indicates the unbalanced development of urbanization in eastern, central and
western regions of China. For example, the urbanization level of Shenzhen in the eastern region
has reached 100%, the quality of urbanization in the eastern region is relatively high, and the three
cities of Shenzhen, Shanghai and Beijing that top the urbanization quality are all in the eastern region.
In 2014, the cities with expansive negative decoupling, weak decoupling and expansive connection
that represent increase in both the urbanization level and urbanization quality accounted for 67.72%
of the eastern region, among which, 27 cities were in expansive connection state. However, in the
western region, the cities with the lowest level of urbanization accounted for 23.37%, the cities with
strong negative decoupling, strong decoupling, weak negative decoupling, declining decoupling
and declining connection that represent decline in the urbanization level or urbanization quality
accounted for 78.57%, among which, four cities were in expansive connection state. Moreover, generally,
western cities rank low on the list of urbanization quality. The different degree of decoupling between
urbanization level and urbanization quality in eastern, central and western China shows that when the
urbanization level reaches a certain degree, eastern cities gradually attach importance to and mainly
aim at improving the quality of urbanization. On the contrary, due to the low level of urbanization,
the central and western cities attach more importance to and primarily aim at improving the level of
urbanization, lagging behind eastern cities in urbanization quality and finally, make improvements in
urbanization quality.

The decoupling analysis of urbanization level and urbanization quality can provide some new
ideas for sustainable urbanization research. The level of urbanization can reflect the speed of urban
development in a country or region, but it cannot effectively reveal the sustainability and rationality of
urban development. Our research can provide two references for sustainable urbanization research.
First, our research can provide some criterions for assessing the sustainability of urbanization.
According to the decoupling analysis of urbanization level and urbanization quality, we can find the
key areas of strong negative decoupling. In other words, these areas may have problems in sustainable
urbanization, and the direction and strategy of urbanization of these areas need to be adjusted in time.
Second, our research can reveal the shortcomings of the spatial layout of sustainable urbanization
and provide references for the rational arrangement of urban patterns. The spatial analysis of the
coordination between the level of urbanization and the quality of urbanization can help compare the
differences in sustainable urbanization development between different regions, and provide support
for further strengthening the coordinated development of sustainable urbanization.

Decoupling may not only exist between level of urbanization and the quality of urbanization
but also occur between urbanization and energy consumption. Researches have shown that China’s
urban energy consumption per capita is 1.8 times of the national average. In general, there will be
large-scale infrastructure construction in the early stages of urbanization, leading to an increase in
energy consumption. In the later period of urbanization, the urban economic structure changed and
the urban income increased. Thus, the availability of commercial energy for urbanization could also
increase. Therefore, the impact of urbanization on the total energy consumption is generally positive.
Specifically, the researchers’ conclusions on relationship between urbanization and energy consumption
are relatively consistent, that is, there is a long-term equilibrium co-integration relationship between
urbanization and energy consumption. The increase in the level of urbanization will bring about an
increase in energy consumption, but the elasticity index is not fixed. The development of science and
technology and the improvement of energy efficiency may make the elasticity index smaller.
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