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Empirical study on urban
sustainable development model
based on identification of
advantages and disadvantages

Lili Zhang*, Di Su, Wenhao Guo and Siyao Li

School of Maritime Economics and Management, Dalian Maritime University, Dalian, China

Promoting the sustainable development of cities and unifying ecological,
economic, and social benefits are of great significance to the long-term
development of the country. Taking the macro level as the starting point,
this paper constructs a hierarchical identification model of urban personality
advantage characteristics from the perspective of sustainable development.
To identify, classify and compare the sustainable urban development models,
SPSS was used to analyze the weights of the dominant characteristics of
various cities in China. First, according to the identification model, the
individual advantages of each city are identified hierarchically; Secondly, all
feature weights are clustered, and finally, the sustainable development patterns
of different cities are discussed according to the clustering results, and relevant
countermeasures are proposed. The comparison shows that each city has its
advantages and disadvantages in sustainable development, and these cities
have not been able to implement the concept and policies of sustainable
development well. Given these problems, this paper recommends grasping
the main force, gradually solving and improving the weaker links in sustainable
development, and reducing the imbalance in development. In the context of
sustainable development strategies, the development of Chinese cities in a
virtuous circle is of great significance.

sustainable development model, strengths identification, model analysis, urban
sustainability, clustering

Introduction

With the increasing urbanization of the world, sustainability is an essential direction
for urban development in the world today. The first and most critical stage in promoting
sustainable urban development is identifying models for sustainable urban development.
The so-called urban sustainable development model is an economic growth model that
focuses on long-term development, which measures the status of urban development
based on the concept of sustainable development. It is of great theoretical and practical
significance to promote the process of sustainable development, encourage sustained
and rapid economic growth, achieve comprehensive, coordinated, and sustainable
development, and achieve inclusive urban growth.
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The strengths and weaknesses of a city are determined
by differences in urban characteristics and challenges. The
existing urban sustainable development model analysis uses a
uniform index weight. It does not examine the model from
the perspective of respecting the advantages of individual cities,
which inevitably ignores the differences in the advantages
and disadvantages of each city, resulting in exclusion between
cities. This study studies the sustainable development model of
cities from the perspective of individual advantages, based on
the guiding ideology most conducive to identifying exemplary
behaviors of urban development. The Indicator System for
Urban Sustainable Development was established as a means
and tool to measure and evaluate the status of sustainable
urban development models. In this paper, a clustering algorithm
based on individual advantage recognition is used to create an
index system for urban sustainable development. The data of
102 prefecture-level cities and 4 municipalities directly under
the central government are collected, taking the sustainable
development of Chinese cities as the research object. Gain a
thorough understanding of China’s existing urban sustainability
model. Therefore, based on the identification of advantages and
disadvantages of the urban sustainable development model. On
the one hand, it can identify the advantages and disadvantages
of each city, cultivate advantages, and avoid shortcomings, on
the other hand, it is conducive to each city to understand
the current situation of its sustainable development model,
and according to the suggestions given in this article, find the
direction of future efforts, and achieve rapid improvement of the
level of sustainability.

Literature review

The evaluation of sustainable urban models based on
advantage recognition mainly solves two problems: one is how
to express the macro values of social groups for a particular
characteristic; On the other hand, based on conforming to the
macro values of social groups, how to identify the advantages
that reflect the most outstanding value of cities, and based
on identifying unique advantage gifts, how to analyze and
coordinate the development model of urban agglomerations.

As an essential space for sustainable evaluation, urban
indicators are based on the dimensions of economy, people’s
livelihood, resources, consumption, and governance. Due to
the wide range of sizes, the indicator system is too complex.
The selection of urban sustainable development indicators
among the many complex indicators mainly depends on the
understanding of the value of the indicators and the mastery
of the characteristics of the city. There are two commonly used
indicators for evaluating sustainable urban development: single
and composite.

Over the past few decades, sustainability metrics have
been at the forefront of many political, academic, scientific,
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and community debates. Beginning with agenda 21’s call for
sustainable development, the United Nations Commission
on Sustainable Development (CSD) published a list of 140
indicators covering the social, economic, environmental,
and institutional dimensions of sustainable development
(Commission on Sustainable Development, 2001). Sustainability
evaluation mainly relies on a single indicator and a
comprehensive indicator system. In terms of a single index,
traditional indices such as ecological footprint (EF) (Ahmed
et al,, 2021), ecological sustainability index (ESI), welfare index
(WI), environmental vulnerability index (EVI), environmentally
adjusted gross domestic product (EDP), sustainable economic
welfare index (ISEW), human development index (HDI),
urban development index (CDI) (Molinaro et al, 2020),
green GDP, national happiness index and other classic indices
(Wang and Chen, 2019; Yang et al, 2020) have been widely
used. Although the standardization of a single indicator is
conducive to comparison and research, it is less flexible and
does not reflect the performance of urban development.
Therefore, the researchers constructed a composite indicator
system to assess sustainable development. The composite
index, which is different from a single indicator, that is, the
construction of an indicator system, is one of the most used
methods for evaluating sustainable urban development. Cappai
et al. (2019) established indicators from environmental and
socio-economic related components and developed practical
sustainability assessment tools. Lowery et al. (2020) considers
sustainable development in rural areas and the impact of
natural resources on sustainable development, especially
in the forestry and fisheries industries, and establishes an
assessment index system for sustainable cities. At the same
time, scholars at home and abroad have also conducted relevant
research on how to evaluate and promote the sustainable
development of cities in specific fields. Gunnarsdottir et al.
(2020), Llorca et al. (2020), and Karjalainen and Juhola
(2021) explore the sustainable development of cities from the
perspective of transport systems, energy sustainability, and land
use, respectively.

In short, the evaluation indicators of sustainable cities are
diverse, covering all aspects of urban development, such as
economic, environmental, social, sustainable infrastructure
and policy systems, etc. Still, the comprehensive indicator
system easily masks specific sustainable development
issues in the evaluation, and the comparability between
the indicator systems is weak. Based on satisfying the
principle of constructing an indicator system, this paper fully
considers the development connotation of sustainable cities.
It comprehensively weighs the interrelationship between
various indicators, including whether they are duplicated, poor
correlation, and whether the indicators are suitable for all
cities in China. Therefore, the indicator system constructed in
this paper can provide a guiding idea for sustainable research
involving many cities.
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Indicators and methods of urban
sustainable development evaluation

Indicator system

Although the evaluation index system for sustainable cities is
gradually developing, how the indicator system can scientifically
evaluate different types of cities, how to improve the flexibility
and stability of the indicator system still need to be studied.

Based on evaluating a wide range of regions across
the country, a set of scientific, fair, and in line with the
concept of sustainable urban development is established from
five dimensions: economic development, social and people’s
livelihood, resources, environment, and policies. The economy
is the premise of the inclusive development of a city, and it is
also a necessary premise of urban development. Considering
the degree of urban economic development, industrial structure,
and urban openness to the outside world, to make urban
development more inclusive, this paper selects indicators such
as per capita GDP (yuan), the proportion of tertiary industry
(%), and science and technology expenditure (10,000 yuan); The
comprehensive content of urban development involves the basic
life of urban residents, education, medical care, environment,
health employment, safety, and other aspects, of which the
supply of water and electricity is one of the most basic living
conditions of residents, so the total amount of water resources
(10,000 cubic meters), gas household consumption (10,000 cubic
meters), and the total amount of gas supply (10,000 cubic
meters) are selected to measure the basic living conditions
of residents; For higher education investment, everyone can
enjoy a higher level of development platform, and it is also
an important part of urban development and social progress.
Therefore, the expenditure on education (10,000 yuan), the
number of college students per 10,000 people (people), and
the collection of books in public libraries (10,000 volumes) are
selected as indicators to measure the development of education;
The level of medical services reflects the socio-economic
development of a city from the side, but also reflects the ability
of the city to provide medical services for residents, so the
number of hospitals, health centers (persons) and the number
of practicing or assistant physicians (persons) are selected;
The premise of sustainable development is the harmonious
coexistence of man and nature, emphasizing that the ecological
environment and human settlement environment can bring
comfort to the residents’ lives, so this paper selects the green
coverage area of the built-up area (hectares), the proportion of
urban construction land in the municipal area (%), the park
green area (hectares), the urban construction land area (square
kilometers) and the comprehensive utilization rate of general
solid waste (%) to reflect the urban ecological environment,
and selects industrial sulfur dioxide emissions (tons), industrial
soot dust emissions (tons), The centralized treatment rate of
sewage treatment plants (%) and the harmless treatment rate
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of domestic waste (%) reflect the urban living environment;
To a certain extent, the unemployment rate also reflects the
happiness of residents, so the number of registered unemployed
people (people) in cities and towns is selected to reflect the
employment of the labor force; The sharing of development
results reflects the living conditions that the results of the urban
development process can provide to people, that is, residents can
enjoy the social environment brought about by the sustainable
development of the city, so the number of urban workers’ basic
old-age insurance participants (people), the number of urban
workers’ unemployment insurance (people) and the number of
urban workers’ basic medical insurance participants (people)
are selected to reflect the social environment. Each evaluation
index is a key element in forming a sustainable city, and
the “inclusive” and “sustainable” level of economic growth of
106 cities at the prefecture level and above in China is more
comprehensively and objectively revealed through the indicator
system. Therefore, the selection of indicators is related to the
evaluation results, so when selecting indicators, comprehensive
trade-offs are required. In this case, under the conditions
of existing data collection techniques, people build indicator
systems based on the logical analysis of the purpose factors, and
use the information that can be collected to express the level
of the purpose variables that people care about but cannot be
directly obtained from multiple aspects.

With the continuous improvement of the analysis method
of “structural equations,” people can not only quickly establish
an indicator system that expresses the characteristics of things,
but also ensure the “independence” between the same indicators
in the established indicator system. Features consist of a series
of complex hierarchical events, and low-level attributes tend to
have observable features, gradually forming higher-level abstract
qualities. In general, characteristics are expressed through a
system of indicators. The hierarchy of the indicator system is
essential for feature recognition, bridging the gap between the
underlying behavioral metric data that can be easily obtained
through observation and other means and the unobservable
advanced behavior that is expected to be understood. To ensure
the universality of the index system in terms of structure, this
paper studies the indicator system with a multi-layer design,
such as the three-layer structure (Figure 1).

Evaluation methodology

A complete sustainability evaluation process includes, in
addition to the construction of the indicator system, the
determination of evaluation criteria, data processing, indicator
weights are given, and the selection of evaluation methods. The
methods and tools for assessing sustainability are rich, specific,
and diverse, and can be divided into two categories, subjective
and objective, according to the different ways of assigning
weights to indicators; subjective methods mainly include the
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FIGURE 1

Urban sustainable development evaluation index system
Delphi method, hierarchical analysis (Lee and Xue, 2021), fuzzy are more cities belonging to a specific pattern, the development
optimization method (Han and Ruan, 2003), fuzzy cluster pattern reflected by the cluster point is the dominant pattern.
analysis method, etc., and objective methods mainly include Reflecting the common issue of cities, the adjustment or
entropy value method, principal component analysis (Liu et al., guidance strategy is targeted according to its actual connotation.
2020), etc. The hierarchical analysis method is more subjective Among them, the key to achieving advantage identification
and not easy to be convincing. The fuzzy comprehensive is to build a mathematical model that can identify individual
evaluation method is complicated to calculate, and when the advantageous characteristics.
index set is too large, the phenomenon of super fuzzy will
occur, causing the evaluation failure. Considering the multi- (1) Based on the ith city, the model to identify the
objectives of the urban sustainable development evaluation advantageous characteristics of the pk grassroots
index system and the accuracy of the evaluation results, this indicators of each city from the perspective of the kth
paper adopts the SPSS clustering method based on identifying indicator of the middle level is:
strengths and weaknesses. It focuses on 14 modules, such as
innovation drive, structure optimization, education and culture,
social security, health, land resources, total water resources, Pk 5

. e . ind? (x:. x*) = 2 (K .
energy consumption, and wastewater utilization, etc. It involves mindy (xix*) = E W,'kj(xkj = Xikj)
urban areas’ “economic development,” “people’s livelihood, =1
“resources and environment,” and “sustainable development.” Pk

. s.t: E Wi = 1
It covers five aspects: “economic development,” “people’s ikj
livelihood,” “resources and environment,” “energy consumption /

., « . Wi, > 0,i=1,2,---n,j=1,2,--- 1
and emission,” and “governance and protection.” It not only ikj = > J=L2pe ()
improves the content of the evaluation system, but also analyzes
the sustainable development model of Chinese cities. Where:

Based on the data of n groups of indicators, the xj; denotes the outstanding value of the jth grassroots
advantageous characteristics of each city in each n group in indicator under the kth subindex of the intermediate layer. It is
the highest level evaluation indicators and each intermediate also necessary to standardize the obtained data again to ensure
level evaluation indicator are obtained, respectively. Cluster the authenticity of the group identification results.
analysis is conducted with each indicator as a criterion to xjkj denotes the evaluation value of the jth grassroots
identify the advantages of each city under different indicators, indicator of the ith city under the kth subindex of the
to classify them, and to make a specific analysis of different middle layer.
development patterns of urban clusters. Each cluster point wikj denotes the weight of x;x;, and its optimal solution wj;
represents a favorable characteristic of a city cluster. If there is the dominant characteristic of the city’s grassroots indicators
Frontiersin Sustainable Cities 04 frontiersin.org
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obtained from the perspective of the kth indicator in the middle
layer based on the ith city according to the optimization method.

Based on the Kuhn-Tucher principle, the optimal solution of
model (1) is: (a) when there exists a component of the indicator
of the ith city that reaches the ideal value, the weight of the
indicator corresponding to the component that reaches the ideal
value sums to 1, and the weight of the indicator that does not
reach the ideal value is 0; (b) when the value of the indicator
of the ith group of cities does not reach the ideal value, the
weights are:

2
(XZJ — x,»kj)
1

S

=1 (o —xig)?

sk
Wikj
i =

L2, -nj=1,2,-pg 2)

(2) Cluster analysis

The k-means algorithm takes k as a parameter. It divides
n objects into k clusters so there is a high degree of similarity
within clusters and a low degree of similarity between clusters.
k-means algorithm is processed as follows: first, k objects are
randomly selected, each object initially representing the mean
or center of a cluster; for each remaining object, it is assigned
to the nearest cluster according to its distance from the center
of each cluster. The mean of each cluster is then recalculated.
This process is repeated until the criterion function converges.
Usually, a squared error criterion is used, which is defined
as follows.

3)

n
E=) Y p-x

i=1 pCXikj

Here E is the sum of the squared errors of all objects in the
database, and p is the point in space, X; is the average of the
clusters x;y;. This objective function makes the generated clusters
as compact and independent as possible, and the distance metric
used is the Euclidean distance.

Application example—An empirical
study of sustainable city model
identification in China

Evaluation index system

In this paper, 102 prefecture-level cities and 4 municipalities
directly under the central government in mainland China are
used as sample data. The evaluation index system draws on the
research results of previous literature and contains a total of 26
specific evaluation indicators, as shown in Table 1.
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Research on the sustainable
development of Chinese cities based on
the analysis of individual advantage
characteristics

In this paper, the innovation index data of 31 regions in
China in 2015 were selected for analysis. The data were obtained
from the 2015 and 2016 China Statistical Yearbook, China City
Statistical Yearbook, and “China Science and Technology Paper
Statistical Analysis Database.”

The standardized data of each region are used to calculate
the weight values of individual advantageous characteristics
by Formulas (1) and (2), and a total of 106 sets of weight
vectors can be obtained. The results are shown in Tables 2,
3. By analyzing the weight coefficients, it can be found that
when a region has individual advantageous characteristics in
a specific indicator, the weight value of that indicator will
also be more significant. In contrast the weight values of
other indicators are smaller, which indicates that the analysis
of individual advantageous characteristics can suggests that
the individual advantageous characteristics of the evaluated
area can be fully reflected through individual advantageous
characteristics analysis. Then, 106 sets of weight vectors are
clustered by k-means clustering. Finally, the 106 cities were
divided into five categories.

Analysis of urban sustainable
development patterns

The cluster analysis of sustainable urban development
evaluation is to facilitate the identification of the advantages and
disadvantages of sustainable urban development, to analyze and
coordinate the development model of urban agglomerations.
Based on the clustering analysis results of the sustainable
development level of the sample cities, the 106 cities were
divided into 5 categories according to the top index weights, and
the clustering results are listed in Table 4.

Through the top-level indicators: economic development,
social and livelihood, resources and environment, consumption
106
and

and emission, and governance and protection,

cities advantageous characteristics clustered

analyzed to obtain five categories of urban sustainable

were

development patterns. Top-level clustering results are shown
in Table 5. The proportion of cities in each category to
the total sample size was used to judge whether they
were mainstream models. Since the calculation process of
advantage identification is carried out from the perspective
of the most favorable group performance, the advantages
analyzed should continue to be carried forward. At the
same time, the disadvantages identified should be given
sufficient attention.
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TABLE 1 Urban sustainable development evaluation index system.

Level 1 indicators Level 2 indicators

Economic development Z; Innovation driven Y,
Structure optimization Y,

Stable growth Y3

10.3389/frsc.2022.894658

Level 3 indicators

Science and technology expenditure (billion yuan) X;
Share of tertiary sector in GDP (percentage) X,

Number of registered unemployed persons in urban areas (persons) X3

Gross regional product (billion yuan) X,

Gross regional product growth rate (percentage) Xs

Gross regional product per capita (yuan) X

Society and people’s livelihood Z, Education culture Y4

Education expenditure (billion yuan) X;

Number of college students per 10,000 people (persons) Xs

Public library collections (million books) Xg

Social security Ys

Number of urban workers’ basic pension insurance participants (persons) X;o

Number of urban employees covered by unemployment insurance (persons) Xi;

Number of urban workers’ basic medical insurance participants (persons) Xi,

Health and wellness Y¢

Number of hospitals, health centers (pcs) X3

Number of practicing or assistant physicians (persons) X4

Resource environmentZ; Land resources Y7

Greening coverage area of built-up area (hectares) X5

The proportion of urban construction land in the area of the municipal district (percentage) X;¢

Park green space area (hectares) X;7

Urban construction land area (square kilometers) X;g

Water resources Yg

Consumption emissions Z Energy consumption Yo

Total water resources (million cubic meters) X9

Gas household consumption (million cubic meters) X5o

Total gas supply (million cubic meters) X,

Major pollutant emissions Y1

Industrial sulfur dioxide emissions (tons) X3,

Industrial smoke and dust emissions (tons) X3

Governance protection Zs Wastewater utilization Y
Solid waste disposal Y1,

Waste disposal Y1,

Analysis of results

(1) Comprehensive development content type: 11 cities were
classified as Category C. They have better economic growth and
resources and environment, and also have weaker advantages
in terms of social livelihood and consumption emissions. They
can provide urban residents with better quality production
and living conditions in all of the above aspects, and their
inclusive development is more comprehensive, with balanced
and steady progress in all aspects. However, this group of
cities has to a certain extent, damaged the environment and
neglected to develop economic governance and protection. To
achieve sustainable development in the future, these cities need
to strengthen the construction of ecological civilization.

(2) Economic development: Category B cities (including
Guangzhou and Liupanshui) are very strong in economic
but
problems. They can improve the quality of sustainable living by

development, have relatively environmental severe
improving municipal infrastructure construction, improving
residents’ lifestyles, upgrading road systems, etc. And vigorously
building a green urban environment to promote sustainable

urban construction.
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Centralized treatment rate of sewage treatment plants (percentage) X,4
General industrial solid waste comprehensive utilization rate (percentage) X,s

Household waste disposal rate without harm (percentage) X,¢

(3) Shared development results: According to Table 4, 84.9%
of cities have adopted the D-city sustainable development model,
indicating that most cities focus on environmental management
and protection in the process of economic development, but
lack advantages in economic development, social livelihood,
resources and environment, consumption and emissions. This
group of cities has a relatively good ecological environment.
It can promote sustainable city building by advocating for
residents to engage in low-carbon living and consumption,
changing their lifestyles, improving the efficiency of living
resources use, increasing energy-saving facilities such as energy-
efficient buildings and green transport systems, and focusing
on future development potential. Class A cities (including
Chonggqing and Lanzhou) have advantages in terms of social
livelihood and, consumption and emissions, high quality of
education. The city has a good infrastructure, an increased
wellbeing index, and a robust industrial economy, all of which
contribute to a very inclusive city. Good social welfare and
a more inclusive city will significantly enhance the city’s
attractiveness, speeding up the concentration of rural people
in the city and attracting quality foreign businesses, ultimately

frontiersin.org


https://doi.org/10.3389/frsc.2022.894658
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Zhang et al.

TABLE 2 Top-level weight vectors (some cities).

10.3389/frsc.2022.894658

Economic Society and Resource Consumption Governance

development people’s livelihood environment emissions protection
Beijing 0.25 0.25 0.25 0.25 0
Tianjin 0.016960942 0.002072419 0.001140906 0.000652657 0.979173076
Shijiazhuang 0.00616597 0.004798984 0.002835883 0.002122307 0.984076856
Tangshan 0 0 0 0 1
Qinhuangdao 0 0 0 0.5 0.5
Langfang 0.022271045 0.009837734 0.00817905 0.004425062 0.955287108
Shenyang 0 0 0 0 1
Dalian 0 0 0 0 1
Benxi 0 0 0 0 1
Panjin 0 0 0 0 1
Changchun 0 0 0 0 1
Jilin 0.130606354 0.102689834 0.066391623 0.049349766 0.650962422
Siping 0.141295894 0.120866739 0.074668355 0.058830637 0.604338375
Songyuan 0.000506087 0.000378587 0.000238256 0.000189827 0.998687243
Harbin 9.06E-05 7.26E-05 3.43E-05 2.30E-05 0.99977949
Qitaihe 0.004460534 0.003979328 0.002550697 0.002015449 0.986993992
Shanghai 0.5 0 0 0 0.5
Nanjing 0 0 0 0 1
Wuxi 0 0 0 0 1
Xuzhou 0 0 0 0 1
Changzhou 0 0 0 0 1
Suzhou 0 0 0 0 1
Lianyungang 0 0 0 0 1
Yangzhou 0 0 0 0 1
Sugian 0 0 0 0 1
Hangzhou 0 0 0 0 1
Ningbo 0 0 0 0 1
Huzhou 0 0 0 0 1
Shaoxing 0 0 0 0 1
Jinhua 0.011864022 0.006831657 0.003726877 0.002957377 0.974620066
Quzhou 0 0 0 0 1
Taizhou 0 0 0 0 1
Hefei 0 0 0 0 1
Wuhu 0.052327689 0.008068512 0.005262512 0.003726473 0.930614814
Huangshan 0 0 0 0 1
Fuzhou 0.020233228 0.006420689 0.003912733 0.002514685 0.966918664
Xiamen 0 0 0 0 1

contributing to the sustainable urban development of society as a
whole. This group of cities can promote sustainable city building
by adjusting their industrial structure, increasing the proportion
of tertiary and high-tech industries, and expanding cooperation
with the outside world. While Class E cities (including only
Qinhuangdao) have done more in terms of consumption
emissions and governance protection, they can improve the
quality of sustainable production and carry out sustainable
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urban transformation by optimizing their industrial structure,
and improving energy efficiency, etc. They should also enhance
the construction of municipal infrastructure and enhance the
quality of life in human settlements. Although all 3 categories of
cities belong to the development results sharing type, they show
different development results, with the development results of
Class A cities. The development outcomes of Class A cities are
reflected in the social and livelihood aspects, while cities D and E
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0.091529539
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TABLE 4 City clustering results.

Clusters Include cities

Category A Chonggqing, Lanzhou

Category B Liupanshui, Guangzhou

Category C Beijing, Jilin, Siping, Shanghai, Jiujiang, Ganzhou,

Yantai, Wuhan, Shiyan, Shaoyang, Shenzhen

Category D Tianjin, Shijiazhuang, Tangshan, Langfang,
Shenyang, Dalian, Benxi, Panjin, Changchun,
Songyuan, Harbin, Qitaihe, Nanjing, Wuxi,
Xuzhou, Changzhou, Suzhou, Lianyungang,
Yangzhou, Sugian, Hangzhou, Ningbo, Huzhou,
Shaoxing, Jinhua, Quzhou, Taizhou, Hefei, Wuhu,
Huangshan, Fuzhou, Xiamen, Putian, Sanming,
Quanzhou, Zhangzhou, Nanping, Ningde,
Jingdezhen, Xinyu, Yingtan, Ji'an Yichun,
Shangrao, Jinan, Qingdao, Zibo, Zaozhuang,
Jining, Rizhao, Linyi, Dezhou, Heze, Zhengzhou,
Kaifeng, Hebi, Puyang, Huangshi, Yichang,
Xiangyang, Jingmen, Changsha, Zhuzhou,
Xiangtan, Hengyang, Changde, Zhangjiajie,
Yiyang, Yongzhou, Shaoguan, Zhuhai, Nanning,
Liuzhou, Guilin, Wuzhou, Beihai, Sanya, Zigong,
Luzhou, Leshan, Kunming, Yuxi, Baoshan,
Zhaotong, Xianyang Jinchang, Baiyin, Shizuishan,
Urumgi, Karamay

Category E Qinhuangdao

TABLE 5 Top-level clustering results.

A() B(2) C(11) D(90) E(1)

Economic development 0.00 1.00 0.27 0.02 0.00
Society and people’s livelihood ~ 0.75 0.00 0.09 0.01 0.00
Resource environment 0.00 0.00 0.14 0.00 0.00
Consumption emissions 0.25 0.00 0.05 0.00 0.50
Governance protection 0.00 0.00 0.00 1.00 1.00

have advantages in environmental management and protection.
But city E also focuses more on the management of consumption
and emissions.

Overall, these types of cities did not develop in a balanced
manner. The strengths and weaknesses of each city were
obtained by assessing the level of sustainability of the 106
case cities. The results show that most cities have strengths
in environmental management, but economic development
and social livelihoods need to be improved, but some cities
have developed better in terms of economic growth, but have
relatively environmental severe problems, indicating that the
varying level of sustainable development in Chinas cities is
severe, and that efforts are still needed to achieve comprehensive

frontiersin.org


https://doi.org/10.3389/frsc.2022.894658
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Zhang et al.

TABLE 6 City clustering results.

Clusters Include cities

Category A Beijing, Zhangjiajie

Category B Shanghai, Shenzhen
Category C Shijiazhuang, Langfang, Jilin, Siping, Songyuan,
Harbin, Ganzhou, Yichun, Zaozhuang, Yantai,
Dezhou, Hebi, Puyang, Xiangyang, Jingmen,
Guangzhou, Nanning, Sanya, Zigong, Luzhou,
Leshan, Zhaotong, Lanzhou

Category D Tianjin, Tangshan, Qinhuangdao, Shenyang,
Dalian, Benxi, Panjin, Changchun, Qitaihe,
Nanjing, Wuxi, Xuzhou, Changzhou, Suzhou,
Lianyungang, Yangzhou, Sugian, Hangzhou,
Ningbo, Huzhou, Shaoxing, Jinhua, Quzhou,
Taizhou, Hefei, Wuhu, Huangshan, Fuzhou,
Xiamen, Putian, Sanming, Quanzhou, Zhangzhou,
Nanping, Ningde, Jingdezhen, Jiujiang, Xinyu,
Yingtan, Ji'an, Shangrao, Jinan, Qingdao, Zibo,
Jining, Rizhao, Linyi, Heze, Zhengzhou, Kaifeng,
Huangshi, Shiyan, Yichang, Changsha, Zhuzhou,
Xiangtan, Hengyang, Shaoyang, Changde, Yiyang,
Yongzhou, Shaoguan, Zhuhai, Liuzhou, Guilin,
Wuzhou, Beihai, Chonggqing, Liupanshui,
Kunming, Yuxi, Baoshan, Xianyang, ]inchang,
Baiyin, Shizuishan, Urumgqi, Karamay

Category E Wuhan

sustainable city building based on their strengths. In the future, it
is necessary to pay equal attention to many aspects, starting with
crucial construction and gradually improving many elements to
develop in the long term.

Clustering analysis of intermediate layer
indicator weights

The results of the weighted clustering of the intermediate-
level indicators for each city are shown in Table 6.

Cluster analysis of 106 cities dominant characteristics
from intermediate level indicators was performed, and cities
were clustered from more detailed indicators to obtain urban
sustainable development patterns in the same five categories
(shown in Table 7).

Analysis of results

(1) Comprehensive development content type: the strengths
of each city were identified based on intermediate indicators.
The evaluation results show that 21.6% of the cities have adopted
the Development Balance Type C development model. This
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shows that most cities have balanced and healthy development,
providing a better quality of life for city residents in all aspects,
with flat and steady progress in all areas. The economic gap
between cities in this category is small. However, there is still
room for further improvement in the economy, and in recent
years there has been a severe loss of population due to the
attraction of large cities. This category of cities should optimize
their industrial structure, improve investment in sustainable
development and infrastructure growth, and at the same time
promote economic development.

(2) Economic development type: Innovation-driven cities
(including Beijing and Zhangjiajie) is ranked first in innovation
drive, structural optimization and health. The reasons for
this are that Beijing and Zhangjiajie place more emphasis on
science and technology in their urban development, with a
higher proportion of scientific expenditure in GDP, relatively
slow economic growth, balanced development of social life
and harmless treatment of domestic waste. Innovation-driven
cities in terms of sustainable development should enhance
and improve urban functions, maximize the value of revealed
land, vigorously develop green transport and improve the
efficiency of energy use. Category B cities (including Shanghai
and Shenzhen), which have powerful economic growth and
rank among the top cities in China in terms of economic
growth and urban employment, have strong correlations
between spatial differences in economic development indicators
and development opportunities and resource use. Areas with
high levels of economic development have better public and
infrastructure development and more efficient resource use.
And such cities rank first in terms of social security and waste
disposal, with social security also an essential factor in attracting
population inflows.

(3) Shared development results: 73.5% of the cities adopt
the environment-friendly category D development model. Both
category D and C cities have advantages in terms of social
livelihood and governance protection. In terms of governance
and security, category C deals with the extensive use of general
industrial solid waste, while category D is relatively good in
harmless domestic waste. These two categories of cities have
an excellent ecological environment and abundant natural
resources, but still, need to optimize further Category E cities
(Wuhan only) have good economic development and a strong
focus on education and culture in terms of social livelihoods.
Regarding resources and environment, category E is the only
category in which water resources are excellent to land resources,
and the environmentally sound treatment of domestic waste
is superior to sewage treatment and the integrated use of
solid waste in general. Residents of cities in this category can
enjoy the fruits of an advanced optimization of the social,
economic and human environment as a result of sustainable
urban development.
these cities,

In general, through a more detailed

classification, lack a balanced development at interregional
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TABLE 7 Intermediate layer clustering results.

10.3389/frsc.2022.894658

A(2) B (2) C (23) D (78) E(1)

Economic development Innovation driven 0.3 0.0 0.1 0.0 0.1

Structure optimization 0.5 0.0 0.1 0.1 0.1

Stable growth 0 1 1 1 1
Society and people’s livelihood Education culture 0.354686794824 0.024855938670 0.443631676094 0.418461176399 0.909122075439

Social security 0.347129431719 0.962650879383 0.311275660262 0.330841250663 0.049694212021

Health and wellness 0.298183773457 0.012493181947 0.245092663644 0.250697572939 0.041183712541
Resource environment Land resources 1 1 1 1 0

Water resources 0 0 0 0 1
Consumption emissions Energy consumption 1 1 0 0 1

Major pollutant emissions 0 0 1 1 0
Governance protection Wastewater utilization 0.000066569786 0.000000000000 0.087915329581 0.041281118953 0.000000000000

Solid waste disposal 0.000090047931 0.000000000000 0.773357774611 0.042108438830 0.000000000000

Waste disposal 0.999843382284 1.000000000000 0.138726895808 0.916610442216 1.000000000000

and intra-city levels, with different “urban diseases” in other
cities. To achieve a high quality and sustainable development,
it is recommended that seize the main strengths, lay out
complementary advantages, and that other dimensions are
gradually improved to reduce development imbalances, and
promote the integration of multiple development aspects.

Conclusion

This paper takes the sustainable development of Chinese
cities as the research object. It uses the urban sustainable
development indicator system to give impetus to the evaluation
indicators of the sustainable development of each city. By
improving the traditional method and using a clustering
algorithm based on identifying strengths and weaknesses, this
paper obtains the strengths and weaknesses of each city by
assessing the sustainability level of 106 case cities, explores
the existing urban sustainable development models, and gives
corresponding countermeasure suggestions.

The analysis of urban sustainable development models based
on the identification of strengths and weaknesses not only
provides information on the strengths and characteristics of
the sustainable development of each city in the region, helping
each city to clarify its development position and development
direction, but also the current situation of the sustainable
development level of each city in the region. The varying level of
sustainable development in China’s cities is severe, and there is
still work to be done to achieve a sustainable comprehensive city.
However, due to the limitations of our knowledge and research
capabilities, the complete evaluation method proposed in this
paper is based on the established evaluation indicators, so the
completeness and scientificity of the evaluation indicator system
will directly affect the reasonableness of the evaluation results.
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