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Abstract: China’s urbanization has received as much attention as its economic growth in recent years.
While rapid urbanization has promoted modernization and wealth creation, it has also brought many
problems and challenges. So, since 2014, the Chinese government has implemented a new urbaniza-
tion policy nationwide. However, few researchers have examined whether China’s new urbanization
policies promote sustainable urbanization. This paper evaluates the sustainable urbanization of
19 urban agglomerations in China using the elastic coefficient. The results indicate a significant
increase in the number of cities achieving sustainable urbanization since the implementation of
China’s new urbanization policy. The number has risen from 46 in the period of 2010-2015 to 71 in the
period of 2015-2021. Considering the impact of the new coronavirus on economy, there would have
been even more cities entering sustainable urbanization during the latter period. This indicates that
the new urbanization policy has a positive influence on the sustainable urbanization of China’s urban
agglomerations. The sustainable urbanization status is not static and changes with different policies
that are implemented in different time periods. Therefore, it is important to find useful policies
that can guide and enhance the urbanization process in these cities. In addition, cities that have a
sustainable urbanization status are not perfect. To address this issue, it is important to categorize and
implement targeted policies for cities experiencing both sustainable and non-sustainable urbanization.
Changes in a city’s size or urbanization rates are not related to the city’s sustainable urbanization
status. A larger city size does not indicate sustainable urbanization, and, similarly, cities with faster
urbanization rates do not exhibit a higher level of urbanization sustainability.

Keywords: sustainable urbanization; urban agglomerations; urbanization sustainability

1. Introduction

Urbanization is a complex phenomenon that is accompanied by the concentration of
population and economic activities in cities. Global urbanization has grown at an unprece-
dented rate in recent decades. According to a report by the United Nations [1], 55% of the
world’s population—4.2 billion people—live in cities. This trend is expected to continue,
with urban inhabitants projected to reach 9.7 billion people in 2050. The proportion of
the global population residing in urban areas is anticipated to increase to 68%. Rapid
urbanization has brought many benefits, including increased employment opportunities,
wealth creation, advancements in education and healthcare, as well as fostering innovation
and efficiency. Many economists view urbanization as a positive achievement in the path
to prosperity [2]. As emphasized by Glaeser [3], a 10% increase in urbanization is associ-
ated with a 61% increase in the GDP per capita. However, urbanization also brings many
challenges, including overcrowding, crime, epidemic diseases, the urban—rural dichotomy,
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China’s new

urbanization
policy

ecological conservation

poverty, and inequity [3-5]. The most prominent problem is the environmental degradation
that urbanization has resulted in, including phenomena such as global warming, reduced
tillage, and the pollution of air, soil, and water, along with biodiversity loss [6-8]. Therefore,
sustainable urbanization has become an inevitable choice for meeting the challenges posed
by urbanization.

China’s urbanization has received as much attention as its economic growth. Driven
by the manufacturing and service sectors, China’s urbanization experienced rapid growth
after the year 2000 [9]. In 2001, Nobel Prize winner Joseph Stiglitz asserted at a World
Bank conference that urbanization in China and high-tech development in the United
States would be two key factors profoundly influencing human development in the twenty-
first century. Many regional governments were significantly encouraged by this view.
From 2011 to 2013, a prevailing viewpoint in China suggested that the sole means of
maintaining high economic growth was to persist in accelerating urbanization [10]. Many
places planned various types of “new areas”, “new cities”, and “development zones”,
often exceeding the actual need for economic development and population growth [11].
This has led to the wastage of land resources and the creation of some ghost towns [12].
Other problems caused by rapid urbanization, such as rural hollowing, air and water
pollution, and environmental degradation, have made the Chinese government aware
of the necessity of taking certain measures. In March 2014, the Chinese government
released the national new urbanization plan (2014-2020) as a guiding framework for the
urbanization of the country. After 2020, the Chinese government proceeded to release the
national new urbanization plan (2021-2035) and issued a notice outlining initiatives aimed
at promoting new urbanization during the fourteenth five-year plan period (2021-2025).
The new urbanization is regarded as being more effective, inclusive, and sustainable,
distinct from traditional urbanization [13]. Scholars have conducted numerous studies
on China’s new urbanization. [14-18]. However, few studies have examined whether
China’s new urbanization is in line with the principle of sustainable urbanization or
whether China’s new urbanization policies promote sustainable urbanization. According to
UN—-HABITAT [19], “sustainable urbanization requires lasting economic growth, resulting
in reduced poverty and greater social inclusion, and taking account of the relationships
between rural and urban areas”. Figure 1 concludes that the main policy behind China’s
new urbanization may meet the requirements for sustainable urbanization. For example,
in terms of lasting economic growth, the new urbanization plan proposes to increase
the sustainability of cities, including the support for urban industrial development and
employment, the optimization of urbanization space structures, the improvement of public
services, and scientific urban planning and construction. In this study, we evaluated this
newe urbanization from the perspective of sustainable urbanization.
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Figure 1. The main policy of China’s new urbanization.
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Urban agglomerations have been the primary areas of urban population growth
and GDP creation [1]. A study by Fang [20] found that, in China, urban agglomerations
contribute to 72% of the country’s urban population and generate 80.05% of its GDP on
just 29.12% of the country’s land area. However, urban agglomerations are also disaster
zones of environmental pollution. In 2014, they were responsible for discharging 73% of the
nation’s wastewater, 72% of the nation’s exhaust, and 65% of the nation’s solid waste [6].
Urbanization in urban agglomerations has a significant impact on the implementation of
the new urbanization policy in China. The Chinese government has planned 19 different
types and levels of urban agglomerations, designating them as the primary areas for
promoting sustainable urbanization [21]. In this paper, we will evaluate the dynamic
sustainability performance of Chinese urban agglomerations from 2010 to 2021, assessing
their sustainable urbanization status both before and after the implementation of the new
urbanization policy. This analysis aims to reveal whether the new urbanization in China is
progressing in a sustainable manner.

Despite the Chinese government'’s release of the new urbanization plan in March 2014,
numerous local governments commenced preparations for their local new urbanization
plans at different paces. Consequently, many local governments only unveiled their local
new urbanization plans either by the end of 2014 or in 2015. Furthermore, following
Chinese custom, most plans follow a five-year cycle. Therefore, we selected 2015 as the
pivotal year to examine the implementation period of the new urbanization plan.

The remainder of this paper is organized as follows: Section 2 outlines the literature
review of this study. Section 3 provides an introduction to the study area and methods.
Section 4 presents the results obtained. Section 5 discusses the main findings. Finally,
Section 6 presents the main conclusions.

2. Literature Review
2.1. Studies on Sustainable Urbanization

Since sustainable urbanization was adopted by UN—HABITAT [19] as an effective
ways to achieve Target 11 of the Millennium Development Goals, it has attracted in-
creased attention and has become an important research area. Regarding the notion of
sustainable urbanization, Pivo [22] pointed out that sustainable urbanization refers to
an urbanization way that follows the principles of sustainability. Drakakis-Smith and
Dixon [23] presented a framework for understanding the components of sustainable ur-
banization, encompassing economic, social, environmental, demographic, and political
dimensions. UN—HABITAT [19,24] summarized sustainable urbanization as a dynamic,
multi-dimensional process incorporating environmental, social, economic, and political in-
stitutional sustainability. It aims to addresses poverty, inequality, climate change, and other
global challenges by creating economic, social, and environmental value. Rasoolimanesh
et al. [25] conducted a comparison between sustainable cities and sustainable urbanization,
emphasizing that sustainable urbanization focuses on the process of achieving the appro-
priate conditions in which environmental, economic, social, and governance sustainability
are given equal attention.

In recent years, some scholars have attempted to develop quantitative methods to eval-
uate sustainable urbanization. For example, Shen et al. [26] introduced an alternative model
for assessing sustainable urbanization by examining the relationship between urbanization
and urban sustainability. Zhang [27] proposed a bi-dimensional matrix model to illustrate
theoretical and practical patterns of sustainable urbanization practices in the urban-rural
transition process. Shen et al. [28] optimized the modeling of the above through the use of
elasticity coefficients and a new-type McKinsey matrix to evaluate sustainable urbanization.
Fang et al. [29] adopted a spatio-temporal coupling coordinated development model to
evaluate sustainable urbanization in the Shandong Peninsula. Their conclusion emphasized
that increasing the level of coupling-coordinated development is conducive to maintaining
sustainable urbanization. In China, new-type urbanization is regarded as a sustainable
urbanization mode. It is designed to solve existing urbanization challenges and emphasize
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a sustainable people-centered approach [14]. Some scholars have attempted to establish a
system of indicators for evaluating the level of new urbanization from the perspectives of
economic, social, demographic, and environmental urbanization [15-18]. However, current
researchers have not reached a uniform consensus on the assessment of the level of new
urbanization. Different scholars may use a variety of indicators and methodologies, leading
to the absence of a standardized criteria in evaluating new urbanization. For main indicator
systems and methods for the assessment of sustainable urbanization are shown in Table 1.

Table 1. Indicator systems and methods of sustainable urbanization evaluation.

Indicator Dimensions Methodology/Mode Reference

Socioeconomic, Environmental, Institutional

Capacity, Coordination, Ecological and

Environmental Potential, and Welfare Growth Elasticity coefficient; VuR-VuS coordinate. [26]
Potential
Social, Economic, and Environmental Bi-dimensional matrix model. [27]

Elastic coefficient

Economic, Environmental, and Social model; McKinsey matrix model. [28]
Quality of Built Environment and Environmental  Spatio-temporal coupling coordinated development
[29]
Pressure (CCD) model.
Urbanization, Resources, and Environmental Coordinated development index. [30]
Environmental Ecological footprint and biocapacity. [31]
Environmental and Social Human development; 1F1dex and ecological [32]
footprint.
. Combination of spatial assessment of ecosystem
Ecological services’ demand and nature-based solutions. [33]
Ecological Ecological capacity. [34]

Research efforts on sustainable urbanization are also exploring reasonable solutions
to related policy issues. In India, Verma et al. [35] suggested building high-speed rails to
promote the sustainable urbanization of cities. Through case studies in Bangladesh and
China, Roy [36] and Xu et al. [37] found that sustainable urbanization goals can be achieved
through effective urban planning. Xiong et al. [38] proposed public—private partnerships as
a governance response to achieve sustainable urbanization in China. Yang et al. [39] and
Wau et al. [40] argued that the ESG ratings of companies and monetary policy adjustments
can be used in practice to promote new urbanization. Ochoa et al. [4] conducted a study on
185 best practices for sustainable urbanization worldwide. They identified that community
engagement, capacity building, education, partnerships, and job creation are important
for urban sustainable development. The policies for sustainable urbanization encompass a
broad spectrum, ranging from macro to micro levels. These policies encompass natural-
based, environmental, social, and economic solutions, emphasizing the comprehensive and
integrated nature of strategies.

2.2. Studies on Urban Agglomeration

Urban agglomerations are concentrated urbanized areas that represent highly devel-
oped forms of integrated cities [41]. Numerous studies have been conducted on urban
agglomerations. Early research efforts primarily focused on discussions of the notion of
agglomerations, the identification of boundaries, analyses of their formation process, and
examinations of their development patterns [42—44]. As research progressed, scholars
shifted their focus towards examining the linkages and divisions between cities within
urban agglomerations. These studies included economic linkages, population mobility
logistics, tourism, finance, accessibility, and coordinated development [45-48]. However, as
urban agglomerations undergo growth and development, numerous challenges and issues
become more evident. Indeed, scholars began to pay attention to the sustainable devel-
opment of urban agglomerations, such as industrial wastewater discharge reduction [49],
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vulnerability assessment [50], carbon emissions [51], environmental quality assessment [52],
sustainability performance evaluation, etc. [53].

The discussion above suggests that the existing studies are multifaceted, including
global, national, and regional scales. However, few studies have been conducted on the
sustainable urbanization performance of urban agglomerations. To address this research
gap, this paper aims to assess the dynamic sustainable urbanization status of 19 urban
agglomerations in China.

3. Study Area and Methods
3.1. Study Area

Based on the thirteenth five-year plan for the economic and social development
of the People’s Republic of China and the urban agglomeration plans released by the
government, our research focuses on the evaluation of the sustainable urbanization status
within 19 urban agglomerations in China (Figure 2). Taking into account data availability,
this paper only investigates 200 prefecture-level cities in urban agglomerations. In 2021,
urban agglomerations accounted for 82.5% of China’s GDP and comprised 73.7% of the
country’s population. As major population and economic agglomerations in China, the
sustainable urbanization of these urban agglomerations is of particular importance to
the country.

Legend
Provincial boundaries

— Nationnal boundaries

7] Urban agglomeration
Study area

Figure 2. Nineteen urban agglomerations in China.

3.2. Data Source

The data were primarily sourced from the following references: China City Construction
Statistical Yearbook (2011-2022), China City Statistical Yearbook (2011-2022), China Population
and Employment Statistics Yearbook (2011-2022), the statistical yearbooks of twenty-three
provinces, five autonomous regions, and four municipalities (2011-2022), and the EPS
(Economic Prediction System) data platform. The missing values for some years were filled
in by interpolation.

3.3. Methods
3.3.1. The Elastic Coefficient Method for Assessing Sustainable Urbanization

This paper adopts the elastic coefficient proposed by Shen et al. [28] to evaluate the
sustainable urbanization status of 19 urban agglomerations in China. The equation utilized

is presented as follows:
Esu = (Aus)/(Aur) 1)
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where Esu is the elastic coefficient, Aus denotes the variation in a city’s urbanization
sustainability during the study period (the detailed calculation process is described in
Section 3.3.3), Aus = usy; — usy, Aur indicates the change in a city’s urbanization rate,
namely, Aur = ury — ury, while t2 and t1 are the study time points.

The value of Esu can be either positive or negative, presenting eight scenarios in Shen
et al. [28], which are detailed in Table 2.

Table 2. The eight scenarios of Esu.

S1: Esu > 1 with Aur >
0& Aus>0

S2: Esu > 1 with Aur < S3: Esu =1 with Aur=Aus >  S4: Esu =1 with Aur = Aus <
0& Aus<0 0 0

This scenario suggests a
sustainable urbanization
status where us increases at a
faster rate than ur.

This scenario suggests an
unsustainable urbanization
status, with us
decreasing at a faster rate than

This scenario suggests an
unsustainable urbanization
status where both ur and
us are decreasing at the same

This scenario suggests a
sustainable urbanization
status, with both ur and us
increasing at the same rate.

ur. rate.
S5: 1> Esu > 0 with Aur > S6: 1 > Esu > 0 with Aur < S7: Esu< 0 with Aur > S8: Esu < 0 with Aur <
0& Aus>0 0& Aus<0 0& Aus<0 0& Aus>0

This scenario suggests an
unsustainable urbanization
status, with ur increasing at a
faster rate than us.

This scenario suggests an
unsustainable urbanization
status where us is decreasing
at a faster rate than ur.

This scenario suggests an
unsustainable urbanization
status, with ur
increasing while us decreases.

This scenario suggests a
sustainable status, with ur
decreasing and us increasing.

3.3.2. Measurement of Urbanization Rate

The urbanization rate (ur) is measured by the proportion of people residing in cities
and towns compared to the total population. The formula for this calculation is the

following:

Up

ur = Tp x 100% (2)

where Up denotes the urban population, and Tp is the total population.

3.3.3. Measurement of Urbanization Sustainability

(a)

Indicator System

The scientific assessment of urbanization sustainability is a prerequisite for govern-
ments to formulate reasonable policies. Numerous studies have been conducted on urban-
ization sustainability, and indicator-based systems are popular approaches. These systems
often utilize single composite indicators such as the ecological footprint (EF), the green
city index (GCI), the city development index (CDI), the human development index (HDI),
and the happy planet index (HPI) [54]. The system of indicators used for evaluating the
sustainability of urbanization in cities, including the pressure-state-response (PSR) frame-
work set of indicators and the set of indicators based on the United Nations’ Sustainable
Development Goals (SDGs) framework, plays a crucial role in assessing the sustainability of
urbanization [55]. Indicators that denote sustainability are usually organized into three di-
mensions: environment, economy, and society. As pointed out by Harris [56], if individual
component systems cannot function properly, the entire system cannot be sustainable. In
this paper, we align ourselves with the mainstream of sustainability and select 27 indicators
from economic, social, and environmental dimensions (Table 3).
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Table 3. The indicators selected for measuring urbanization sustainability.
Dimension Indicator [Code] Unit Type Description/Measure Weight Source
GDP per capita (S1) CNY N GDP/population 00333  Statistical Yeg;fg;’k of Chinese
Growth rate of GDP % + (GDPt2 — GDPt1)/GDPtl 0.0333 Statistical Yea(l?ook of Chinese
per year (S2) Cities
Social labor CNY/ . Statistical Yearbook of Chinese
productivity (53) person * GDP/population 0.0667 Cities
Ratio of added value
of the tertiary o . Added value of the tertiary 0.0333 Statistical Yearbook of Chinese
industry to the GDP ? industry/GDP ’ Cities
(54
Per capita retail sales . o .
of consumer goods CNY . Total retail sales o{ consumer 0.0333 Statistical Yeu?'l?ook of Chinese
(S5) goods/population Cities
Disposable income per capita =
Economy urban residents” disposable
1 income per capitax ratio of o .
Per capita disposable CNY N urban population + rural 0.0667 Statistical Yeu.rb‘ook of Chinese
income (56) . S . Cities
residents’ disposable income per
capita x ratio of rural
population
eiatelﬁcﬁiiseczln Statistical yearbooks and
pe o Fiscal expenditure on science statistical bulletins of all the
science and e * and technology /GDP 0.0333 rovinces and regions of
technology to GDP 8y P ¢ reg
China
(57)
Statistical yearbooks and
Number of patents . Number O.f patents grant.ed by statistical bulletins of all the
Unit + patent administration during the 0.0333 . -
granted (S8) . provinces and regions of
study period .
China
Ratio of urban-registered
Citv-registered unemployed persons to the total
yres o number of urban employees and Statistical Yearbook of Chinese
unemployment rate %o - he urb . d 0.0556 Citi
(S9) the urban-registere: ities
unemployed persons at the end
of the study period.
Urban workers’ basic pension
insurance participants/city
Social insurance o population x 50% + workers’ Statistical Yearbook of Chinese
Yo + . L 0.0556 o
coverage rate (510) basic medical insurance Cities
participants/city population x
50%
Income ratio between Per capita disposable income of . .
city and rural % - urban residents/per capita net 0.0556 Statistical Yeu?’b'ook of Chinese
’ . . Cities
residents (S11) income of rural residents
Ratio of teachers to
students in primary o + Number of teachers/students in 0.0278 Statistical Yearbook of Chinese
and middle schools ¢ primary and middle schools ’ Cities
Society (512)
Number of college Number of college Statistical Yearbook of Chinese
students per 1000,000 person + students/po ulat%on 0.0278 Cities
population (513) pop
An estimate of the average
Life expectancy (S14) year + number of years a person of a 0.0278 Report on t he development of
- . Chinese people
given age can expect to live
Number of licensed Number of licensed Statistical Yearbook of Chinese
doctors per 10,000 person + doctors/population 0.0278 Cities
population (S15) pop
Ratio of population using water e
Water coverage rate o L Statistical Yearbook of Urban
(S16) Yo + to total pop;lrlea:son in urban 0.0278 Construction in China
Ratio of the population using .
Gas coverage rate o L Statistical Yearbook of Urban
(S17) Jo + gas to the total population in 0.0278 Construction in China
urban areas
Water consumption Bulletin of water resources’
p Ton/CNY - Total water consumption/GDP 0.0278 statistics of all the provinces

per unit GDP (S18)

and regions of China
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Table 3. Cont.

Dimension Indicator [Code] Unit Type Description/Measure Weight Source
Industrial sulfur . )
dioxide emissions per Ton/CNY - Total SO2 emissions/GDP 0.0278 Statistical Yegirt};s:k of Chinese
unit of GDP (519)
Electricity o .
consumption per unit 10’02(1)\]1?\’}1/ Electricity consumption/GDP 0.0278 Statistical YEg;l;gsk of Chinese
of GDP (S20)
Annual mean The arithmetic mean of the St§t1§t1ca1 year'books and
- 3 . statistical bulletins of all the
concentration of (ug/m°>) - average PM2.5 concentration for 0.0278 rovinces and regions of
PM2.5 (521) each day of the year. P China &
Centralized treatment . Volume of sewage treated /total Statistical Yearbook of Urban
rate of wastewater Yo +  volume of sewage discharged x 0.0278 Construction in China
treatment plants (522) 100%
Domestic garbage Domestic garbage harmless Statistical Yearbook of Urban
R harmless treatment % + treatment/domestic waste 0.0278 LT .
Environment Construction in China
rate (523) generated
Ratio of industrial Industrial solid waste
solid waste o + comprehensively 0.0278 Statistical Yearbook of Urban
comprehensively ? utilized / general industrial solid ’ Construction in China
utilized (S24) waste generation
Ratio of fiscal Fiscal revenue and
expenditure on Fiscal expenditure on expenditure bulletins and
environmental % + . P . 0.0278 statistical yearbooks of all the
. environmental protection/GDP . .
protection to GDP provinces and regions of
(525) China
. Green area of urban .
Per capita green area m2 + parks /urban population + 0.0556 Statistical qurbogk of Urban
(S26) . . Construction in China
urban transient population
Per capita water cubic me- Bulletin of water resources’
resources (S27) ters/person + Water resources/population 0.0556 statistics of all the provinces

and regions of China

In the economic dimension, we selected eight indicators, considering five categories:
economic growth (S1, 52), development quality (S3), structural optimization (54, S5),
income growth (56), and scientific and technological investment and innovation (S7, S8).
For social sustainability, nine indicators were chosen from six categories: employment
status (59), social security (510), urban-rural income gap (S11), education (512, S13), health
(514, 515), and infrastructure provision (516, 517). In the environmental pillar, we selected
ten indicators, considering three categories: resource consumption and pollution emissions
(518, 519, S20, and S21), pollution control and protection (S22, 523, S24, and S25), and per
capita resources (526, S27).

(b) Aggregation

In this paper, we first tried to use the entropy method to determine the weights. How-
ever, the weights were not satisfactory. Consequently, we opted to adopt methodologies
similar to those employed by the United Nations in the SDG index. An equal weight of
0.33 was subjectively assigned to each dimension of urbanization sustainability—economic,
social, and environmental. This assignment underscored the equal importance of all three
dimensions. Subsequently, we assigned an equal weight to each category in the economic,
social, and environmental dimensions, respectively. The main steps were as follows:

Step 1: Normalize the input values of the indicators to eliminate bias.

Positive:

Xij = (Xij — min{X;}) / (max{X;} — min{X;}) 3)

Negative:

Xij = (max{X;}) = Xij/ (max{X;} — min{X;}) 4)

Xij is the value of the jth indicator in the ith year, and min{X]-} and max{Xj} are the
minimum and maximum values of the jth indicator in all years.
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Step 2: Calculate the evaluation score of each single indicator.
Sij = W, x X;j )
where W; is the weight of indicator .
Step 3: Calculate the comprehensive evaluation score in year i.
S; = Z;’ Seij + Ssij + Senij (6)

where 7 is the number of indicators, and S, Ssj, and S,,;; represent the values of the
sustainability indexes in the economic, social, and environmental dimensions, respectively.

4. Results
4.1. Urbanization Rate Change in China’s Urban Agglomerations

Urban agglomerations are the most-urbanized geographic regions in China. In 2010,
approximately 511.8 million people resided in urban areas of urban agglomerations, a
number which increased to 713.3 million in 2021. Simultaneously, the proportion of the
population residing in urban areas in China’s urban agglomerations increased from 53.5%
to 68.5%, approximately 3.8% higher than the national urbanization rate (Figure 3).

70 -

—®&— urban agglomerations =

[ | —e— China /./
65 | e

Urbanization rate (%)

50

| L 1 " 1 " 1 L 1 L 1 L ]

2010 2012 2014 2016 2018 2020 2022

Year

Figure 3. Changes in urbanization rate in Chinese urban agglomerations.

Figure 4 indicates that cities in urban agglomerations have experienced, over time,
very different urbanization rates across the geographic regions observed. Among the
200 cities, the lowest urbanization rates in 2010 were observed in Dingxi (23.4%) and
Suihua (26.3%), while the highest rates were in Shenzheng and Kelamayi (each 100%),
followed by Wulumugi (96.9%). In the urban agglomerations analyzed, only 22 cities
had urbanization rates surpassing 70%, and most of them were economically developed
coastal cities, resource cities, or provincial inland capital cities. Sixty-four cities reported
urbanization rates between 50% and 70%, while eleven cities exhibited urbanization rates
below 30% (Figure 4a). In 2015, the median urbanization rate in China’s urban agglomera-
tions increased from 47.2% to 55.1%, with almost all the cities having urbanization rates
exceeding 30% (Figure 4b). The urbanization rate exceeded 70% in 39 cities within urban
agglomerations, while 92 cities recorded rates between 50% and 70%. This rapid increase
in the urbanization rate was also accompanied by a significant rise in urban dwellers. In
2015, the urban agglomerations comprised 7 megacities (more than or around 10 million
inhabitants), 22 large cities (5 to 10 million inhabitants), and 144 medium-sized cities (1
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to 5 million inhabitants). In 2021, 65 cities in urban agglomerations reported urbaniza-
tion rates exceeding 70%, and 116 cities recorded urbanization rates between 50% and
70% (Figure 4c). The number of megacities increased to 12, including Beijing, Shanghai,
Shenzhen, Chengdu, Chongqing, Guangzhou, Wuhan, Tianjin, Suzhou, Xi’an, Hangzhou,
and Zhenzhou. Shanghai and Chongqing stood out as the most populous, each with over
20 million inhabitants residing in urban settlements.
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Figure 4. Spatial changes in urbanization rate in Chinese urban agglomerations.

Different patterns of urbanization can be observed in the 19 urban agglomerations..
The Beijing-Tianjin—-Hebei, Yangtze River Delta, Peral River Delta, Liaodong Peninsula,
and Northern Tianshan urban agglomerations currently exhibit high levels of urbanization
but with a slowing growth rate. Additionally, 52.3% of the cities in these agglomerations
have an urbanization rate exceeding 70% (Figure 4). The Central Plain, Harbin—-Changchun,
and Southern Guangxi urban agglomerations exhibit the lowest urbanization rates (below
60%) due to their comparatively less-robust economic development compared to the urban
agglomerations on the eastern seaboard.

4.2. The Change in Urbanization Sustainability in Chinese Urban Agglomerations

By applying Formulas (3)-(6), introduced in the previous section, the urbanization sus-
tainability value of Chinese urban agglomerations can be calculated (Figure 5). As shown
in Figure 5, the synthesized value of the urbanization sustainability in Chinese urban
agglomerations increased in the time period ranging from 2010 to 2020. The urbanization
sustainability value rose by approximately 24.2%, increasing from a score of 0.3952 in 2010
to 0.4907 in 2021. Among the three dimensions, environmental sustainability contributed
the largest share, accounting for approximately 41% of the total, followed by social sus-
tainability at 39% and economic sustainability at 20%. Economic sustainability witnessed
the highest increment, rising from a score of 0.0668 in 2010 to 0.1143 in 2021, representing
a 71.2% increase. Meanwhile, social sustainability and environmental sustainability only
grew by 15% and 14.3% between 2010 and 2020.
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Figure 5. Changes in urbanization sustainability in Chinese urban agglomerations.

Substantial spatial heterogeneity occurred in the urbanization sustainability values
across these cities. At the city level, 98.5% of all 200 cities scored between 0.3 and 0.49 in
the urbanization sustainability value for the year 2010. In 2010, only one city (Beijing) had
an urbanization sustainability value above 0.5, while the bottom two cities, Anshun and
Baiying, both had sustainability values below 0.3 (Figure 6a). Beijing, as the capital city,
performed well in both social and economic sustainability. In contrast, Anshun and Baiyin
scored low in all the dimensions due to their poor performance in many aspects. Taking
Anshun as an example, the industrial sulfur dioxide emissions per unit of GDP was the
highest, at 63.4 Ton/CNY, and the per capita green area was the lowest, with only 1.2 m?

in 2010.
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Figure 6. Spatial changes in urbanization sustainability in Chinese urban agglomerations.



Land 2024, 13, 412

12 of 21

In 2015, the urbanization sustainability value on the city scale ranged from 0.3394 to
0.5565, with a mean value of 0.4310. Thirteen cities had urbanization sustainability values
above 0.5, with Hangzhou being the highest (0.5565). The majority of the cities with high
urbanization sustainability values were located in the Yangtze River Delta urban agglom-
eration (Figure 6b). These cities benefit from advantageous locations and well-developed
transportation facilities, playing important roles in the Yangtze River Delta urban agglomer-
ation, which hosts globally important industries specialized in electronics, automobiles, and
machineries [57]. Many cities in the Yangtze River Delta urban agglomeration ranked at the
top in terms of their economic and social sustainability performance in 2015. In 2015, 68%
of these cities scored between 0.4 and 0.59 in urbanization sustainability, with none scoring
below 0.3. However, Baoding, Dazhou, Dandong, Lvliang, Yibin, Tieling, Anshan, and
Changchun presented a decreasing sustainability value between 2010 and 2015. Most of the
cities experiencing a decline in sustainability were old industrial cities with slow economic
growth, and their social or environmental sustainability values decreased during the period
from 2010 to 2015. If we take Tieling as an example, the growth rate of the GDP was only
—6.2% in 2015, compared to the 16% measured in 2010, and the social insurance coverage
rate dropped from 52.2% in 2010 to 32.7% in 2015. With population growth and industrial
development, the water resources per capita decreased from 1320 cubic meters/person in
2010 to 429.1 cubic meters/person in 2015, while the annual mean concentration of PM2.5
and the electricity consumption per unit of GDP both increased in this period.

In 2021, the urbanization sustainability values of Beijing, Guangzhou, Shanghai,
Hangzhou, and Suzhou all exceeded 0.6, with Beijing once again leading with a score of
0.6169. Since 2015, these cities have implemented a series of new urbanization measures,
resulting in a significant increase in sustainability. For example, Beijing has focused on
developing its economy by strengthening original innovation, promoting core technology
research, and developing “high-precision and top grade” industries. In 2018, the R&D
investment and number of invention patents per 10,000 people in Beijing ranked first in
the country. Another 67 cities scored between 0.5 and 0.59, and 128 cities scored between
0.4 and 0.49 in their urbanization sustainability values in 2021, while none of the cities
scored below 0.4. Between 2015 and 2020, all the cities except for Fushun demonstrated
stable improvements in their urbanization sustainability values. Twenty-five cities, such as
Xiangtan, Yibin, Zigong, Mudanjiang, Shangqiu, and Yuxi, experienced the fastest growth
in their sustainability values, with growth rates exceeding 20% (Figure 6¢).

All the urban agglomerations studied experienced an increase in their urbanization
sustainability values from 2010 to 2021 (Figure 6, Table 4), and most agglomerations demon-
strated a faster urbanization sustainability growth in 2015-2021 than in 2010-2015. The new
urbanization plan emphasizes urban agglomerations as an important form of urbanization,
supported by an extensive accommodation capacity and safeguarded by institutional in-
novation. Many regions have adopted policies to promote the integrated development of
urban agglomerations. For example, the Chengdu-Chonggqing urban agglomeration has
accelerated its transport connectivity, with an average of more than 200 direct passenger
trains per day. The municipal governments of the two provinces have jointly issued an im-
plementation plan for the high-quality joint development of the automobile and electronic
information industries. Chengdu and Chongging have jointly delineated the ecological
protection red line and carried out cross-border river pollution prevention and “zero waste
city” construction. Zhang et al. [58] classified 19 urban agglomerations in China according
to their developmental stages (Table 4). As Table 4 shows, urban agglomerations in their
mature stage exhibited the highest value of sustainability, followed by urban agglomera-
tions in their late growth stage, early growth stage, and primary stage. This suggests that
the more mature the urban agglomeration, the higher its level of urbanization sustainability.
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Table 4. The development trends of urbanization sustainability in urban agglomerations at different
development stages.

Devglt‘;lg’;“e“t Urban Agglomerations 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pearl River Delta 04638 04699 04912 04924 04906 04995 05064 05173 05241 05339 05295 0.5469

Mature stage Yangze River Delta 04286 04358 04556 04547 04672 04796 04911 05013 05118 05268 05348 05535
Beijing-Tianjing-Hebei ~ 04016 04093 04172 04141 04208 04301 04397 04596 04674 04731 04770 0.4913

Shandong Peninsula 04163 04277 04407 04402 04551 04511 04636 04700 04774 04822 04854 0.5044

Late growth ~ West Coast 04125 04217 04393 04333 04398 04509 04553 04602 04684 04864 04860 0.4958
g Liaodong Peninsula 04179 04246 04406 04419 04334 04267 04239 04415 04473 04458 04479 04593
Central Changjiang 03819 03884 04074 04062 04174 04267 04363 04492 04550 04706 04744 0.4961
Chongqing-Chengdu  0.3741 0.3850 0.3953 0.3890 04026 04013 04109 04251 04395 04558 0.4609 0.4760

Northern Tianshan 04108 04212 04435 04415 04546 04482 04574 04625 04775 04844 05010 0.4976

Guanzhong 03514 03632 03774 03705 03767 03848 03889 04002 04035 04183 04178 0.4389

Early growth Central Plain 03600 03617 03778 03752 03909 03966 04040 04253 04333 04490 0.4480 0.4671
e Central Shanxi 03779 03786 03934 03899 03963 03961 04089 04157 04283 04384 04396 0.4488
Harbin-Changchun 03967 04003 04179 04134 04110 04099 04268 04246 04458 04544 04527 0.4658

Southern Guangxi 03891 04004 04156 04212 04236 04303 04393 04576 04622 04713 04689 0.4868

Northern Ningxia 03690 03666 03775 03799 03887 03903 04050 04127 04268 04426 04424 04537

Central Yunnan 03694 03699 03762 03653 03919 03909 03984 04049 04153 04375 04321 0.4482

Farly stage Lanzhou—Xining 03226 03419 03592 03619 03741 03861 04023 04116 04132 04285 04273 04376
Central Inner Mongolia 04098 04297 04414 04275 04436 04494 04545 04488 04611 04648 04636 04818

Central Guizhou 03428 03547 03713 03859 03981 04121 04288 04376 04491 04592 04570 0.4503

4.3. Dynamic Sustainable Urbanization of Chinese Urban Agglomerations from 2010 to 2021

According to Equation (1), this paper calculated the elasticity coefficients in 2010-2015,
2015-2021, and 2010-2021 and identified the sustainable urbanization scenarios for each
city. By comparing the analysis results with the scenario analysis presented in Table 2, the
dynamic status of sustainable urbanization in 200 cities can be reported (Figure 7).
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Figure 7. Spatial changes in sustainable urbanization status (scenarios) in Chinese urban agglomera-
tions in 2010-2021.

From 2010 to 2015, the urbanization rate increased in all the cities except for Shen-
zhen, Zhongshan, Shanghai, Kelamayi, Mudanjiang, Urumgi, and Tongling. Cities in the
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Liaodong Peninsula experienced a significant increase in their urbanization rate, with all
their Aur values increasing by more than 20%. The urbanization sustainability increased
in all the cities except for Chaozhou, Baoding, Dazhou, Dandong, Luliang, Yibin, Tieling,
Anshan, and Changchun. Tianmen, Anshun, Baiyin, Zhuhai, Anqging, and Kaifeng ex-
hibited significant increases in their urbanization sustainability, although these cities are
dispersed across different urban agglomerations. As shown in Figure 7a, the statuses of
sustainable urbanization in the study area can be divided into four categories (S1, S5, S7,
and S8). During the surveyed period (2010-2015), the urbanization processes in 46 cities
were sustainable. Among them, 39 cities, including Beijing, Tianjin, and Nanjing, belonged
to scenario S1, while Shanghai, Tongling, Shenzhen, Zhongshan, Mudanjiang, Urumgqji, and
Kelamayi belonged to scenario S8, in Table 2. Among them, the cities with the highest abso-
lute values of Esu were Shenzhen, Zhuhai, Guangzhou, Foshan, Shanwei, Xiamen, Beijing,
Zhongshan, and Shanghai, all of them with absolute values of Esu > 6. However, 77% of
cities had been engaging in unsustainable urbanization processes, with 145 cities belonging
to scenario S5 and 9 cities to scenario S7. This indicated that urbanization sustainability
increased in most cities between 2010 and 2015, with the ur increasing faster than the us.

During the surveyed period, from 2015 to 2021, the level of urbanization increased
in all the cities except for Shenzhen, Zhongshan, Kelamayi, and Tianmen. Among them,
34 cities, such as Urumgqi, Zhangjiakou, and Chuzhou demonstrated dramatic growth in
their urbanization rates, with all of their Aur > 10%. Urbanization sustainability increased in
all the cities except for Fushun during this period. The Aus in 79.5% of the cities was higher
than that observed during the period of 2010-2015. The statuses of sustainable urbanization
between 2015 and 2021 can be categorized into four categories (S1, S5, S7, and S8). Fushun
fell under S7, while Shenzhen, Zhongshan, Qianjiang, and Kalamayi belonged to S8. The
remaining 67 and 128 cities belonged to S1 and S5, respectively. The identified scenarios
presented in Figure 7b suggest that 71 cities entered a sustainable urbanization process
during the period of 2015-2021. The absolute values of Esu in Shenzhen, Shanghai, Foshan,
Beijing, and Xiamen were higher than five during this period, indicating that urbanization
sustainability in these cities was continuously increasing, while their urbanization rate had
not changed significantly. During the surveyed period, from 2015 to 2021, the urbanization
process in 64.5% of the cities was unsustainable. Most of these cities belonged to S5,
indicating that, although both the urbanization sustainability (us) and the urbanization
rate (ur) were increasing, the urbanization rate increased faster than the urbanization
sustainability from 2015 to 2021. Figure 7c indicates the sustainable urbanization scenarios
of the cities in the study area, showing different statuses throughout the entire time period
from 2010 to 2021. The status of sustainable urbanization of these cities is divided into three
categories (S1, S5, and S8). Forty-seven cities entered a sustainable urbanization process,
while the urbanization process in 153 cities was unsustainable during the whole surveyed
period (2010-2021).

On the urban agglomeration scale, only the urbanization of the Yangze River Delta (S1),
Pearl River Delta (S1), and Northern Tianshan (S8) urban agglomerations was sustainable
in 2010-2021. In addition, the West Coast, Lanzhou—Xining, Harbin-Changchun, and
Beijing-Tianjing—Hebei urban agglomerations experienced sustainable urbanization during
the surveyed periods of 2010 to 2015 and 2015 to 2021 (Table 5).



Land 2024, 13, 412 15 of 21
Table 5. Sustainable urbanization scenarios for urban agglomerations in 2010-2021.
Urban Agglomerations Esu Scenarios Esu Scenarios Esu Scenarios
(2010-2015) (2010-2015) (2015-2021) (2015-2021) (2010-2021) (2010-2021)

Beijing-Tianjing-Hebei 0.4796 S5 1.0408 S1 0.7583 S5
Yangze River Delta 1.1958 S1 1.0181 S1 1.0839 S1
Pearl River Delta 2.1181 S1 1.5495 S1 1.7519 S1
Central Changjiang 0.5845 S5 0.7390 S5 0.6696 S5
Chongqing—Chengdu 0.3449 S5 0.7792 S5 0.5834 S5
Liaodong Peninsula 0.0424 S5 0.6361 S5 0.1599 S5
Shandong Peninsula 0.4771 S5 0.7663 S5 0.6182 S5
West Coast 1.0894 S1 0.8335 S5 0.9347 S5
Central Plain 0.4535 S5 0.7661 S5 0.6198 S5
Harbin—Changchun 0.1027 S5 1.1646 S1 0.3928 S5
Guanzhong 0.3867 S5 0.5786 S5 0.4863 S5
Southern Guangxi 0.8733 S5 0.6956 S5 0.7609 S5
Northern Tianshan —0.2117 S8 1.7215 S1 —0.5859 S8
Central Shanxi 0.2278 S5 0.6825 S5 0.4510 S5
Central Inner Mongolia 0.6785 S5 0.4405 S5 0.5457 S5
Central Guizhou 0.7536 S5 0.3498 S5 0.5344 S5
Central Yunnan 0.2686 S5 0.5626 S5 0.4330 S5
Lanzhou-Xining 1.0911 S1 0.5395 S5 0.7485 S5
Northern Ningxia 0.3661 S5 0.6472 S5 0.5426 S5

5. Discussion
5.1. Dynamics of Sustainable Urbanization Status

From 2010-2015 to 2015-2021, the sustainable urbanization status of 119 cities re-
mained unchanged. Among them, 21 cities, including Beijing, Tianjin, and Nanjing, main-
tained a sustainable urbanization status (S1 or S8), while 98 cities, including Shijiazhuang,
Qinhuangdao, and Zhangjiakou continued to have an unsustainable urbanization sta-
tus (55). At the same time, 81 cities changed their sustainable urbanization status from
2010-2015 to 2015-2021 (Table 6). Table 6 shows that the status of sustainable urbanization
in a city is not static. It changes with the implementation of different policies in different
time periods. This finding was in line with the results of Shen et al. [28], who observed
highly dynamic sustainability performances of urbanization among BRICS countries. There-
fore, when studying the sustainable urbanization of cities, the choice of the study period
is very important. Even if a city’s urbanization status appears to be unsustainable over a
longer period, it is important to shorten the study period to reveal potential differences. So,
if the city in question exhibits a sustainable urbanization status during the shortened study
period, it is necessary to study the policies adopted by the government during this period.
These useful policies can be employed to guide the city’s sustainable urbanization in the
future. In addition, research conducted on different scales may lead to different results in
the evaluation of sustainable urbanization. Therefore, it is necessary to conduct focused
studies on different scales and recommend appropriate policies.

Moreover, cities that have obtained a sustainable urbanization status are not without
challenges. They also have many problems that need to be improved to maintain said
sustainable urbanization. For example, Beijing experienced severe haze events in the
winters of 2013-2016, with PM2.5 levels significantly exceeding the standard value [59].
Since 2013, the Beijing’s government has implemented a series of measures to deal with
the haze. These initiatives include planting billions of trees in the north and northwest
of Beijing, shutting down coal-fired power plants, promoting cleaner heating, gradually
phasing out older motor vehicles, and encouraging the use of new energy vehicles and
public transportation. As a result of these measures, the annual average PM2.5 concentra-
tion in Beijing decreased from 89.5 to 33 micrograms per cubic meter between 2013 and
2021. This remarkable achievement has been acknowledged by the United Nations as the
“Beijing Miracle”. Therefore, it is necessary to categorize cities undergoing sustainable and
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unsustainable urbanization and propose targeted policies to effectively promote sustainable
urban development.

Table 6. Cities changes in sustainable urbanization status (scenarios) from 2010-2015 to 2015-2021.

Change in Scenarios Number City
S7—S1 3 Yibin, Dandong, Chaozhou
S58—S1 1 Shanghai
Tangshan, Cangzhou, Changzhou, Yancheng, Taizhou, Jinhua, Maanshan, Dongguan,
Jingzhou, Ezhou, Huanggang, Yichang, Tianmen, Xiangyang, Xiangtan, Hengyang,
S5.551 45 Yueyang, Yiyang, Loudi, Jingdezhen, Xinyu, Pingxiang, Chengdu, Mianyang, Meishan,
Leshan, Zigong, Neijiang, Huludao, Qingdao, Binzhou, Dezhou, Linyi, Pingdingshan,
Bozhou, Qigihar, Siping, Tongchuan, Yuncheng, Beihai, Yulin, Taiyuan, Ordos, Taiyuan,
Erdos, Yuxi, Shizuishan
S7—S5 6 Baoding, Dazhou, Anshan, Tieling, Changchun, Lvliang
58—55 3 Tongling, Mudanjiang, Urumgqi
S5—S57 1 Fushun
S5—58 1 Qianjiang
Wuxi, Hangzhou, Ningbo, Shaoxing, Hefei, Zhaoqing, Huizhou, Wuhan, Huangshi,
S1—S5 21 Xianning, Ziyang, Luzhou, Jinan, Dongying, Quanzhou, Zhanjiang, Maoming, Haikou,

Guiyang, Baiyin, Xining

Esu

5.2. Change in City Size and Sustainable Urbanization Status

This section further explores the following question: does a faster city size growth
contribute more to sustainable urbanization? By utilizing urban population to represent a
city’s size, this paper analyzes the correlation relationship between changes in a city’s size
and sustainable urbanization status (the elastic coefficient Esu) using Pearson’s correlation
analysis. The results indicate that the correlation coefficients between the change in a city’s
size and Esu for urban agglomerations in the years 2010-2015, 20152021, and 20102021 are
0.0107, 0.0002, and 0.0006, respectively (Figure 8). These correlation coefficients, all below
0.50, indicate that there is no significant corresponding relationship between the change in
a city’s size and Esu. The expansion of a city’s size does not indicate that urbanization is
progressing toward a sustainable status.
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Figure 8. Relationship between Esu and the change in a city’s size.

For example, between 2010 and 2015, 151 cities experienced population size increases
but failed to enter a sustainable urbanization scenario. Conversely, Jieyang, Shanwei, and
Mudanjiang, cities which experienced a decrease in their urban population size, demon-
strated sustainable urbanization scenarios from 2010 to 2015. During the surveyed period
(2015-2021), 119 cities experienced population size increases but exhibited unsustainable
urbanization scenarios. Nine cities, including Beijing, Tianjin, Qianjiang, Tianmen, Yiyang,
Pingxiang, Siping, Tongchuan, and Erdos, witnessed declines in their population size while
engaging in sustainable urbanization scenarios. These results are consistent with scholars’
research indicating that the concentration of a large population in cities leads to urban
sprawl, traffic congestion, the urban heat island effect, inadequate facilities, and a decline
in residents’ standard of living, ultimately impacting the sustainability of cities [7].
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5.3. Urbanization Growth Rate and Sustainable Urbanization Status

This section further explores whether rapidly urbanizing cities can be more sustainable.
From 2010 to 2015, Dalian exhibited the fastest-growing urbanization rate, with an average
annual increase of 5.2%, followed by Dandong, Panjin, Yingkou, and 25 other cities, all
experiencing average annual increases of more than 2%. Additionally, 53 cities had average
annual increases in their urbanization rates between 1.5% and 2%. However, despite this
rapid urbanization, all these cities exhibited unsustainable urbanization scenarios during
the study period. The situation in 2015-2021 was similar to that in 2010-2015. The difference
was that the cities with a faster growth in their urbanization rates changed. Forty-four
cities experienced an average annual growth rate exceeding 1.5%, but they all presented
unsustainable urbanization in 2010-2015. From 2010 to 2021, the cities with an average
annual growth rate of urbanization above 1.5% also engaged in unsustainable scenarios.
This paper further investigated the correlation relationship between the change in a city’s
urbanization rate (Aur) and sustainable urbanization status (the elastic coefficient Esu) using
Pearson’s correlation analysis. The results indicated that the correlation coefficients between
the Aur and Esu for urban agglomerations in the years of 2010-2015, 2015-2021, and
2010-2021 were 0.017, 0.096, and 0.025, respectively (Figure 9). These coefficients indicate
that there is no corresponding relationship between the Aur and Esu. Rapid urbanization
brings economic prosperity but also poses enormous challenges. If a government fails to
address them effectively, these challenges will hinder the sustainable development of cities.
These findings were in line with the results of Almulhim and Cobbinah [60] in Saudi Arabia,
who found that inadequate urban planning makes rapid urbanization a fundamental threat
to sustainable urbanization.
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Figure 9. Relationship between Esu and Aur.

5.4. The New Urbanization Policy and Sustainable Urbanization of Urban Agglomerations

The results of this study indicated a significant increase in the number of cities achiev-
ing sustainable urbanization since the implementation of China’s new urbanization policy.
From 2010 to 2015, 46 cities in China’s urban agglomerations achieved sustainable urban-
ization, and the number increased to 71 during 2015-2021, an increase of 25 cities. In terms
of the change in the urbanization sustainability values, 159 cities experienced a greater
increase in Aus during 2015-2021 compared to the period from 2010 to 2015. The Esu
exhibited a similar pattern, with approximately 70% of cities experiencing a significant
increase between 2015 and 2021 compared to the period of 2010 to 2015. During the period
of 2015-2021, specific indicators of social sustainability exhibited promising trends: 60% of
cities experienced a reduction in their registered unemployment rate, and 95% witnessed
a decrease in the income disparity between urban and rural residents. Additionally, 53%
of cities observed an increase in the ratio of teachers to students in primary and middle
schools. Moreover, 85% of cities witnessed a rise in the number of college students per
million population, and 96% reported an increase in the number of licensed doctors per mil-
lion population. Moreover, it is noteworthy to consider the impact of the novel coronavirus
pandemic. A study conducted by Duan et al. [61] reveals that the Chinese industry and
services sectors were severely affected, resulting in a 3.5% reduction in China’s economic
growth in 2020. It is plausible that more cities would have entered a sustainable urbaniza-
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tion status had they not been impacted by the pandemic. Therefore, it can be concluded that
the implementation of the new urbanization policy promotes the sustainable urbanization
of cities in Chinese urban agglomerations.

6. Conclusions

This study evaluated the sustainable urbanization status of urban agglomerations
in China using the elastic coefficient proposed by Shen et al. [28]. The results indicate a
consistent upward trend in the synthesized value of urbanization sustainability across
Chinese urban agglomerations from 2010 to 2020. Urban agglomerations in their mature
stage exhibited the highest sustainability values, followed by those in their late, early, and
primary growth stages. Throughout the study period, the majority of cities experienced
a continuous increase in their urbanization sustainability values, particularly with a sig-
nificant progress being observed between 2015 and 2021. During the surveyed period
(2010-2015), sustainable urbanization processes were observed in 46 cities, a number which
increased to 71 in the subsequent period, from 2015 to 2021. However, when investigating
the entire time period from 2010 to 2021, only 46 cities maintained a sustainable urbaniza-
tion status. This result revealed that the status of sustainable urbanization is dynamic and
changes with the implementation of different policies in different time periods. Therefore,
it is important to find out which policies are adopted by a government during a sustainable
urbanization period, as these policies can be further utilized to guide the urbanization
process of the city in the future. Moreover, cities with a sustainable urbanization status
also face various challenges and issues. It is necessary to categorize cities undergoing
sustainable and unsustainable urbanization and propose targeted policies to effectively
promote sustainable urban development. This paper examined the relationships between
changes in a city’s size or urbanization growth rate and sustainable urbanization, separately.
The results indicated that there is no correspondence between them. A larger city size does
not indicate sustainable urbanization, and, similarly, cities with faster urbanization rates
do not exhibit a higher sustainability.

Since the implementation of China’s new urbanization policy, most cities witnessed
notable improvements in their urbanization sustainability from 2015 to 2021, surpassing
the progress observed in the period from 2010 to 2015. Simultaneously, there has been a
substantial increase in the number of cities entering sustainable urbanization processes
after 2015. Considering the impact of the new coronavirus, it is anticipated that more
cities would have entered a sustainable urbanization process had they not been affected.
Consequently, the implementation of the new urbanization policy promotes the sustainable
urbanization of Chinese urban agglomerations. However, there are still many problems
and challenges. Economic sustainability remains low in many cities. Therefore, it is
crucial to increase the vitality of the economic development of a city in the future to
ensure lasting economic growth. There is no correlation between changes in a city’s size
or urbanization rate and its sustainable urbanization status. Therefore, in promoting the
process of this new urbanization, it is not possible simply to pursue the expansion of a
city’s size or increase the rate of urbanization. The urban agglomerations in the eastern
region have a relatively high level of economic and social sustainability and will need to
control population growth in their megacities and strengthen environmental protection
and governance. The urban agglomerations in central and western China need to accelerate
their scientific and technological innovation, rely on comparative advantages, develop
modern industries, coordinate the division of functions between cities, and enhance the
vitality of the economic development of their urban agglomerations.

In this study, we primarily employed the subjective empowerment method and statis-
tical data to evaluate the effect of China’s new urbanization policy from the perspective
of sustainable urbanization. Future research endeavors could focus on employing the
objective empowerment method and expanding the theoretical framework between new-
type urbanization policies and sustainable urbanization outcomes. Moreover, the Chinese
government has implemented three batches of new urbanization pilot areas, encompass-
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ing two provinces and over two hundred cities and towns, since 2014. It is necessary to
select typical cases from these pilot areas to study the effects and sustainability of this new
urbanization at the provincial, city, county, and town levels.
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