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ABSTRACT

For a city, analyzing its advantages, disadvantages and the level of economic development in a country is important,
especially for the cities in China developing at flying speed. The corresponding literatures for the cities in China
have not considered the indicators of economy and industry in detail. In this paper, based on multiple indicators
of economy and industry, the urban hierarchical structure of 285 cities above the prefecture level in China is
investigated. The indicators from the economy, industry, infrastructure, medical care, population, education,
culture, and employment levels are selected to establish a new indicator system for analyzing urban hierarchical
structure. The factor analysis method is used to investigate the relationship between the variables of selected
indicators and obtain the score of each common factor and comprehensive scores and rankings for 285 cities
above the prefecture level in China. According to the comprehensive scores, 285 cities above the prefecture level
are clustered into 15 levels by using K-means clustering algorithm. Then, the hierarchical structure system of the
cities above the prefecture level in China is obtained and corresponding policy implications are proposed. The
results and implications can not only be applied to the urban planning and development in China but also offer
a reference on other developing countries. The methodologies used in this paper can also be applied to study the
urban hierarchical structure in other countries.

KEYWORDS

Urban planning; hierarchical structure; prefecture-level city; factor analysis method; K-means clustering
algorithm; China

1 Introduction

For a country, the development level and perfection of infrastructure and transportation vary
greatly among the cities, especially for the cities in China developing at flying speed. It is very
necessary to analyze the hierarchical structure of the cities for urban construction improvement,
urban planning, urban structure optimization and economic development. The extant literatures
mainly focused on urban competitiveness and sustainable development in China and the countries
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around the world, and few studies pay attention to the comprehensive or integrated development
or pattern of the city. To fill this gap, this paper investigates the hierarchical structure of the cities
based on the urban comprehensive development and pattern with the indicators of economy and
industry in detail, and more cities are involved to offer more references for the current overall
development of the cities in a country.

The hierarchical structure of the cities can be studied by evaluating the urban development.
Urban competitiveness and urban sustainability are used to evaluate urban development from
a specific perspective. About urban competitiveness, Jiang et al. [1] considered the economic,
social and environmental factors of urban competitiveness and presented a hierarchical indicator
system with four levels to evaluate the competitiveness of 253 cities at the prefecture level or
above of China in 2000. Singhal et al. [2] applied the Delphi technique and analytic hierarchy
method with multi-criteria analysis to present a hierarchical model for city competitiveness, and
explored the integrated regeneration and property-led business strategies of four cities in the
United Kingdom. Singhal et al. [3] proposed a hierarchical model with 32 identified factors to
examine the competitiveness of the cities in emerging economy for regeneration and business
strategies in five different economic-level cities in India. Ni et al. developed a methodology to
analyze the urban competitiveness for 25 principal cities in China during three periods from
1990 to 2009. They evaluated the competitiveness of inland and coastal cities in mega cities [4].
Shen et al. [5] explored the dynamic changes of urban competitiveness for 24 major cities dur-
ing 1995 to 2008 in China, and 59 indicators were selected to measure urban competitiveness
using the equal weighting method. Du et al. [6] used major function-oriented zones to explore
urban competitiveness considering four dimensions, including economy, social-culture, environment
and location, and applied the entropy weighting method to explore urban competitiveness in
31 provincial capitals of China based on spatial data in 2010. Guo et al. [7] established a
scientific evaluation indicator system which involved four subsystems, 12 elements and 58 indi-
cators to investigate the urban competitiveness of 141 cities from 28 Chinese urban clusters in
2009 based on the method of technique for order preference by similarity to an ideal solution.
Bruneckienė et al. [8] developed the urban economic competitiveness evaluation methodology
under the context of shrinkage for border cities. They proposed recommendations to improve
the economic development and competitiveness of Lithuanian-Polish cross border cities. Wang
et al. [9] compared urban competitiveness in Yangtze River Delta and Pearl River Delta of China
during 2000 to 2010 by using a hierarchical evaluation system with four levels and 59 indicators.
Sáez et al. [10] established a composite indicator as a weighted aggregate of sub-indicators for the
identified component dimensions, including the primary, efficiency-related and innovation-related
competitiveness. Thirty-one indicators are selected to rank 159 European Large Urban Zones
located in 26 European countries. Song et al. [11] presented a comprehensive model to evaluate
urban competitiveness in the Huaihe River eco-economic belt based on the dynamic factor analysis
method with the urban panel data. Liu et al. [12] evaluated the long-term competitiveness during
urban changes by using Malmquist Productivity Index and measured the structural productivity
changes to explore the strengths, weaknesses and differences in their competitiveness, and proposed
the directions for future development in 20 major cities of China.

About the evaluation of urban sustainability, Li et al. [13] developed a complete permutation
polygon synthetic indicator method to establish a system of 52 indicators, including economic
growth and efficiency, ecological and infrastructural construction, environmental protection, social
and welfare progress, of urban sustainable development. They evaluated the capacity for urban
sustainable development at different times during the coming two decades in Jining of China. Cai



CMES, 2022, vol.131, no.3 1833

et al. [14] proposed an indicator system which involves five subsystems and 37 indicators for the
comprehensive evaluation on urban sustainable development, and analyzed the urban sustainable
development and degree of urban interior coordination in Harbin of China based on principle
component analysis, analytic hierarchy process and weighed index method. Hu [15] considered
sustainability into the competitiveness to measure the sustainability and competitiveness in Aus-
tralian cities and improve policy making and planning for urban development. Yang et al. [16]
constructed a linear dimensionless coordinate system of urban sustainable development to evaluate
287 cities in the eastern, central and western regions in China, and examined the influencing
factors of urban sustainable development. Wang et al. [17] used a modified M-L index analysis
method based on the new directional distance function to present a linear programming model
for evaluating sustainable urban development, and provided a scientific decision-making basis for
sustainable development of 13 prefecture-level cities in Jiangsu Province of China. Liu et al. [18]
proposed the Drive-Pressure-State-Impact-Response model to compare the different urban sustain-
able development status, and explored the factors affecting the urban sustainable development in
six cities in Shaanxi Province of China from 2008 to 2018. Li et al. [19] constructed an evaluation
indicator system from the aspects of economy, society and environment, and used elimination and
ET choice translation reality model based on information entropy weighting to evaluate the urban
sustainability and explore the dynamics of urban spatial effects in 17 cities of Henan Province in
China from 2013 to 2017.

For other aspects of city evaluation, Shan et al. [20] established an evaluation index system
from economic, political, cultural, social and ecological levels, and evaluated the healthy develop-
ment of 287 designated cities at prefecture level and above in China. Wang et al. [21] used the
urban network method to investigate the hierarchical structure and spatial distribution of coastal
cities in China based on the data of 1995, 2005 and 2015. Han et al. [22] selected social and
economic factors and presented the synthetic gravity model to study the urban hierarchy system in
China in the mid-1990s based on the traditional gravity model. Shi et al. [23] established an evalu-
ation index system for urban intelligent development based on the people-oriented, city-system and
resources-flow evaluation model by using analytic hierarchy process, analytical hierarchy process-
back propagation and analytic hierarchy process-extreme learning machine models, and evaluated
the intelligent development level of 151 cities in China. Zhen et al. [24] explored the flow analysis
of various factors between the cities in Hebei Province of China based on urban network and
space of flow theories, and analyzed the comprehensive status of each city in the regional urban
network by simulating the economic, information, traffic and financial flow among the cities. Wang
et al. [25] applied the fuzzy Delphi method to construct the dimensions and the possible impact
factors to develop the overall evaluation framework and explore the development of urban quality
of life. Shao [26] constructed an evaluation index system of the international port city from the
aspects of openness and internationalization of the city, economic development and technological
innovation, port radiation and influence, balanced development and ecological environment, resi-
dents’ life and social development, and evaluated the international port city of Ningbo in China
based on the fuzzy comprehensive evaluation method. Li et al. [27] considered the factors of
ecological environment, economic development and public service to present an evaluation model
of environmental quality of livable cities. They proposed a support vector machine algorithm
based on particle swarm optimization to evaluate the livable cities in Hunan Province of China.

From extant literatures, most researches focused on the urban competitiveness and sustainable
development in China and the countries around the world, and few studies pay attention to the
comprehensive or integrated development or pattern of the city. For the indicator system, the
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selected indicators concentrate more on the perspective of urban competitiveness and sustainable
development. There are few cities involved in relevant researches, which has less reference for
the current overall development of the cities in a country. The application scope of the existing
researches is limited to some regions in a country, or to measure the comprehensive compet-
itiveness or sustainability of the cities. In addition, there are few researches investigating the
urban hierarchical structure according to the comprehensive and overall urban development or
pattern. China is a developing country, and there are many prefecture-level cities. There are big
gaps among these cities in urban development. With the rapid development of cities above the
prefecture level in China in recent years, it is particularly important to analyze the hierarchical
structure of the cities above the prefecture level in China according to the current comprehensive
and overall urban development.

In this paper, the indicators, including eight categories and a total of 33 indicators, of urban
hierarchical structure analysis are selected. Factor analysis and K-means clustering algorithm are
used to investigate the hierarchical structure of 285 prefecture level cities in China. More cities
in China are involved in this paper. The results can give a more accurate understanding of the
overall development trend of the cities in China, and offer a reference for the development of
prefecture level cities in China at the present stage. The results and implications can not only
be applied to the urban planning and development in China, but also offer a reference on other
developing countries. The methodologies used in this paper can also be applied to study the urban
hierarchical structure in other countries.

The contribution of this paper is that: (1) Based on the comprehensive development or pattern
of the city, the indicators from the aspects of economy, industry, infrastructure, medical care,
population, education, culture and employment levels are selected to establish a new indicator
system for analyzing urban hierarchical structure; (2) More cities, including 285 cities, are involved
to offer more references for the current overall development of the cities in China; (3) Factor
analysis method and K-means clustering algorithm are used to investigate the relationship between
the variables of selected indicators, obtain the score of each common factor and comprehensive
scores and rankings for 285 cities above prefecture level in China, and classify the 285 cities into
15 levels; (4) The hierarchical structure system of the cities above prefecture level in China is
obtained and corresponding policy implications are proposed.

2 Methodology

In this paper, the urban hierarchical structure of 285 cities above prefecture level in China is
explored by using data analysis [28,29].

By forming a new indicator system considering the aspects of economy, industry, infras-
tructure, medical care, population, education, culture and employment levels and collecting the
corresponding data, the data system of urban hierarchical structure analysis is proposed. Then
factor analysis method and K-means clustering algorithm are used to analyze the data system.

Factor analysis method is the one to explore the relationship between the selected variables of
indicators, extract the common factors of the variables, and calculate the factor score coefficients.
K-means clustering algorithm is a method that n samples are divided into k classes randomly,
the distance between each sample and each cluster center is computed, each sample is assigned
to the nearest cluster center, and an initial classification scheme is obtained. Based on this initial
classification scheme, the clustering center is re-selected according to the same criteria, and each
sample is re-allocated until the sum of the squares of clustering error is locally minimum and no
new classes are generated.
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In this paper, factor analysis method is used to investigate the relationship between the
variables of selected indicators and obtain the score of each common factor and comprehensive
scores and rankings for 285 cities above prefecture level in China. K-means clustering algorithm
is used to cluster 285 cities above prefecture level into 15 levels according to the comprehensive
scores from factor analysis. Then, the hierarchical structure system of the cities above prefecture
level in China is obtained.

According to the analysis of the results and the hierarchical structure system of the cities
above prefecture level in China, the corresponding policy implications are proposed.

The methodology in this paper is shown in Fig. 1.
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Figure 1: The methodology of the paper

3 Data System

3.1 The Indicator System of Urban Hierarchical Structure Analysis
Based on the literature review, the indicators from the aspects of economy, industry, infras-

tructure, medical care, population, education, culture and employment levels are selected compre-
hensively to establish a new indicator system for analyzing urban hierarchical structure according
to the comprehensive development and pattern of the cities. Table 1 shows the indicator system
and relevant indicators from literatures.
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Table 1: The indicator system and descriptive statistics of the data

Indicator References Mean Standard
deviation

Min Max

Economy
GDP (X1) (RMB) Jiang et al. [1]; Du et al. [6]; Wang

et al. [9]; Sáez et al. [10]; Song
et al. [11]; Li et al. [13]; Cai et al. [14];
Liu et al. [18]; Shan et al. [20]; Han
et al. [22]; Zhen et al. [24]; Wang
et al. [25]; Shao [26]; Li et al. [27]

2.88e11 3.86e11 2.1e10 3.06e12

Average wages of
employees (X2) (RMB)

Jiang et al. [1]; Singhal et al. [2]; Ni
et al. [4]; Du et al. [6]; Wang et al. [9];
Song et al. [11]; Li et al. [13]; Han
et al. [22]; Zhen et al. [24]

63405.17 12543.12 36703.33 143030

FDI (X3) (RMB) Jiang et al. [1]; Ni et al. [4]; Du
et al. [6]; Han et al. [22]; Shao [26]; Li
et al. [27]

6.63e9 1.56e10 0 1.64e11

Fixed asset investment
(X4) (RMB)

Jiang et al. [1]; Ni et al. [4]; Wang
et al. [9]; Cai et al. [14]; Shan
et al. [20]; Han et al. [22]; Zhen
et al. [24]; Li et al. [27]

2.06e11 2.02e11 5.59e9 1.74e12

Government fiscal deficit
(X5) (RMB)

Jiang et al. [1]; Du et al. [6]; Wang
et al. [9]; Shan et al. [20]; Zhen
et al. [24]

2.17e10 1.91e10 −1.37e10 2.08e11

Industry
Added value of
secondary industry (X6)
(RMB)

Jiang et al. [1]; Du et al. [6]; Wang
et al. [9]; Cai et al. [14]; Han
et al. [22]; Zhen et al. [24]

1.25e11 1.51e11 5.64e9 9.33e11

Added value of tertiary
industry (X7)

Jiang et al. [1]; Du et al. [6]; Wang
et al. [9]; Song et al. [11]; Cai
et al. [14]; Han et al. [22]; Zhen
et al. [24]; Shao [26]; Li et al. [27]

1.46e11 2.56e11 9.21e9 2.26e11

Total industrial assets
(X8) (RMB)

Zhen et al. [24] 3.58e11 5.34e11 1.35e9 4.6e12

Main industrial
operating income (X9)
(RMB)

Jiang et al. [1]; Wang et al. [9] 3.8e11 5.07e11 3.04 e9 3.79e13

Number of industrial
enterprises (X10) (RMB)

New indicator 1247.33 1514.6 20 9840

Number of industrial
employees (X11)

New indicator 286429.6 407912.6 4764 3175313

Infrastructure
Per capita paved road
area (X12) (m2)

Jiang et al. [1]; Du et al. [6]; Guo
et al. [7]; Wang et al. [9]; Song
et al. [11]; Li et al. [13]; Han
et al. [22]; Zhen et al. [24]

5.909 4.908 0.404 38.458

Per capita park greening
area (X13) (m2)

Jiang et al. [1]; Du et al. [6]; Guo
et al. [7]; Wang et al. [9]; Song
et al. [11]; Li et al. [13]; Cai et al. [14];
Liu et al. [18]; Shan et al. [20]

5.443 5.38 0.382 53.182

(Continued)
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Table 1: (Continued)

Indicator References Mean Standard
deviation

Min Max

Medical care
Number of beds in
hospitals or health
centers (X14)

Jiang et al. [1]; Du et al. [6]; Wang
et al. [9]; Li et al. [13]; Shan et al. [20];
Li et al. [27]

25605.64 22122.14 2040 206080

Population
Resident population
(X15)

Du et al. [6]; Bruneckienė et al. [8];
Song et al. [11]; Li et al. [13]; Cai
et al. [14]; Liu et al. [18]; Han
et al. [22]; Zhen et al. [24]

4517665 3476147 249800 3.08e7

Education
Number of students in
colleges and universities
(X16)

Jiang et al. [1]; Bruneckienė et al. [8];
Wang et al. [9]; Sáez et al. [10]; Song
et al. [11]; Li et al. [13]

98898.07 173445.6 0 1067335

Culture
Number of books in
public libraries (X17)

Jiang et al. [1]; Du et al. [6]; Wang
et al. [9]; Shan et al. [20]; Wang
et al. [25]

3056057 6298804 157000 7.77e7

Number of museums
(X18)

New indicator 16.414 22.794 1 243

Number of cultural
centers (X19)

New indicator 10.877 16.443 1 266

Employment Du et al. [6]; Han et al. [22]; Wang
et al. [25]

Number of employees of
wholesale and retail
(X20)

Jiang et al. [1]; Du et al. [6]; 33552.95 89429.2 895 864470

Number of employees of
transportation,
warehousing and post
(X21)

New indicator 27504.37 62015.15 1139 576935

Number of employees of
accommodation and
catering (X22)

New indicator 11338.15 35767.88 96 396820

Number of employees of
information
transmission, computer
service and software
(X23)

New indicator 14412.54 56320.31 400 774400

Number of employees of
finance (X24)

Jiang et al. [1]; Du et al. [6] 23301.85 43225.92 1784 544498

Number of employees of
real estate (X25)

Jiang et al. [1]; Du et al. [6] 15735.17 39364.39 264 442784

(Continued)
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Table 1: (Continued)

Indicator References Mean Standard
deviation

Min Max

Number of employees of
leasing and business
service (X26)

New indicator 18986.02 68906.1 180 882695

Number of employees of
scientific research,
technical service and
geological exploration
(X27)

Jiang et al. [1]; Du et al. [6]; Sáez
et al. [10]

14510.08 49095.52 403 712481

Number of employees of
water resources,
environment and public
facility management
(X28)

New indicator 8914.544 10846.1 851 106640

Number of employees of
resident service, repair,
and other services (X29)

New indicator 4347.544 20439.3 15 293329

Number of employees of
education (X30)

Jiang et al. [1]; Du et al. [6] 56245.89 53442.67 2708 505697

Number of employees of
health, social security,
and social welfare (X31)

Jiang et al. [1]; Du et al. [6] 29669.36 30453.16 2041 293252

Number of employees of
culture, sports and
entertainment (X32)

Du et al. [6] 5405.123 13741.52 321 190189

Number of employees of
public management and
social organization (X33)

Du et al. [6] 53838.74 43513.53 6176 478359

(1) Economy

The economic indicators include gross domestic product (GDP), foreign direct investment
(FDI), average wages of employees, fixed asset investment and government fiscal deficit.

GDP is an important indicator of urban economic development, which reflects the economic
situation and market scale of a city. FDI reflects the external economic strength, competitiveness
and influence, as well as the level of opening to the foreign countries. The average wage of
employees reflects the national economic level, residents’ consumption ability and the overall
economic level of a city. The fixed asset investment is the embodiment of urban capital savings
and economic strength. These economic indicators reflect the economic development and foreign
economic competitiveness of a city.

(2) Industry
The industrial indicators include added value of the secondary industry, added value of the

tertiary industry, total industrial assets, main industrial operating income, number of industrial
enterprises and number of industrial employees.

The added values of the secondary and tertiary industries reflect the economic growth of the
industries in a certain period of time. The total industrial assets, main operating income, number
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of industrial enterprises and number of industrial employees are the basic indicators of industrial
development. These industrial indicators reflect the changes of urban industrial structure, which
are the important factors for the development of urban industrial structure, economic development
and urban planning.

(3) Infrastructure
The infrastructure indicators include per capita paved road area and per capita park greening

area. These indicators reflect the construction level and completeness level of urban infrastructure,
which is necessary for urban development.

(4) Medical care
The medical indicator includes number of beds in hospitals or health centers. This indicator

reflects the level of social services and medical care.

(5) Population
The resident population is selected as the population indicator. The population indicator is

the basic factor of urban scale and economic development.

(6) Education
The number of students in colleges and universities is considered as the education indicator.

The education indicator reflects the quality level of education of a city, which is the basis of
scientific and technological innovation and talent reserve.

(7) Culture
The cultural indicators include number of books in public libraries, number of museums and

number of cultural centers. These indicators reflect the scale and quality level of cultural facilities
and the maturity of urban development.

(8) Employment
The employment indicators include number of employees for the sub-industries of tertiary

industry, such as the wholesale and retail, transportation, warehousing and post, accommoda-
tion and catering, information transmission, computer service and software, finance, real estate,
leasing and business service, scientific research, technical service and geological exploration, water
resources, environment and public facility management, resident service, repair, and other services,
education, health, social security, and social welfare, culture, sports and entertainment, and public
management and social organization.

The employment indicators mainly focus on the number of employees in each sub-industry
of the tertiary industry, reflecting the tertiary industry structure and industrial development level.
As an important part of the industrial structure, the tertiary industry accounts for a large
proportion of the total GDP and is an important driving force for urban economic and industrial
development.

From Table 1, some new indicators are considered, such as number of industrial enterprises,
number of industrial employees, number of museums, number of cultural centers, and employment
in sub-industries of the tertiary industry, to show a more specific status of industry, culture and
employment level of a city. In addition, more comprehensive indicators of urban hierarchical
structure analysis are selected than the previous studies.



1840 CMES, 2022, vol.131, no.3

3.2 Data Collection
285 cities above prefecture level in China are considered. These cities include Beijing, Tianjin,

Shanghai, Chongqing, and the prefecture-level cities in Hebei Province, Henan Province, Yunnan
Province, Liaoning Province, Heilongjiang Province, Hunan Province, Anhui Province, Shandong
Province, Jiangsu Province, Zhejiang Province, Jiangxi Province, Hubei Province, Gansu Province,
Shanxi Province, Shaanxi Province, Jilin Province, Fujian Province, Guizhou Province, Guangdong
Province, Qinghai Province, Sichuan Province, Hainan Province, Inner Mongolia Autonomous
Region, Ningxia Hui Autonomous Region, Guangxi Zhuang Autonomous Region and Xinjiang
Uygur Autonomous Region. There excludes the cities at the same level in Taiwan Province and
Tibet Autonomous Region, as well as Hong Kong Special Administrative Region and Macao
Special Administrative Region. The 285 cities above prefecture level can reflect the characteristics
and system of urban hierarchical structure in China as a whole.

The data of economic, industrial, infrastructure, population, medical care, education and
cultural indicators are collected from the Statistical Yearbook of Municipalities, Provinces and
Autonomous Regions in China and the City Statistical Yearbook in 2017. The data of employ-
ment indicators are collected from the City Statistical Yearbook in 2017. Table 1 is the descriptive
statistics of the data. The observation of each indicator is 285. The big data analysis method is
used to clean and process the data, check the abnormal values, and supplement the missing data
with the mean interpolation method.

4 Data Analysis of Urban Hierarchical Structure

Bartlett sphere test and Kaiser-Meyer-Olkin (KMO) test are used to determine whether the
data samples are suitable for factor analysis.

Bartlett sphere test can test the correlation between variables and judge whether each variable
is independent. By using Stata, the results show that the chi-square statistic is 20747.955, the
degree of freedom is 528, and the P value is 0. The P value is equal to 0, rejecting the original
hypothesis and indicating that the data samples are relevant and suitable for factor analysis.

KMO test is a method to compare the coefficients of correlation and partial correlation of
variables. When the sum square of the coefficient of the correlation between variables is greater
than the sum square of the coefficient of the partial correlation, the value of KMO will be closer
to 1, indicating that the stronger the correlation between variables is, the more suitable the data
are used for factor analysis. By using Stata, the result shows that KMO = 0.946, indicating that
the data samples are suitable for factor analysis.

Then, the data samples are used to do the factor analysis. By using Stata, the common factor
is extracted and rotated, and the factor load matrix after rotation is calculated. The rotated
factor does not change the fitting degree of the model to the data, nor does it change the
common factor variance of each variable, which can explain the variables better. Table 2 shows
the common factor variables after rotation. Table 3 is the factor score coefficients of the common
factors.
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Table 2: The common factor variables after rotation

Factor Difference Eigenvalue Proportion Cumulative

Factor 1 (F1) 12.60148 5.26087 0.3819 0.3819
Factor 2 (F2) 7.34062 2.28219 0.2224 0.6043
Factor 3 (F3) 5.05843 3.10420 0.1533 0.7576
Factor 4 (F4) 1.95423 0.30668 0.0592 0.8168
Factor 5 (F5) 1.64754 - 0.0499 0.8667

Table 3: The factor score coefficient of the common factor

Variable Common factor

1 2 3 4 5

GDP 0.6028 0.6985 0.262 0.1264 0.083
Average wages of employees 0.4524 0.3915 0.1568 0.4417 −0.1723
FDI 0.7807 0.4264 0.2979 0.0823 0.0741
Fixed asset investment 0.2963 0.5503 0.6891 0.0438 0.1019
Government fiscal deficit 0.5201 0.1898 0.5932 −0.2039 −0.1082
Added value of secondary industry 0.3404 0.8144 0.3893 0.1225 0.1158
Added value of tertiary industry 0.7162 0.5962 0.2939 0.1209 0.0322
Total industrial assets 0.6278 0.6854 0.2135 0.1258 −0.0129
Main industrial operating income 0.3351 0.8859 0.2146 0.083 0.0385
Number of industrial enterprises 0.1529 0.914 0.1943 0.0068 0.0791
Number of industrial employees 0.2107 0.9158 0.1393 0.0708 0.0665
Per capita paved road area 0.0303 0.1309 −0.0512 0.883 0.0359
Per capita park greening area 0.1588 0.08 −0.0443 0.8309 0.0163
Number of beds in hospitals or
health centers

0.3994 0.4281 0.7391 −0.0721 0.1922

Resident population 0.4468 0.514 0.6678 −0.145 0.082
Number of students in colleges and
universities

0.3575 0.2908 0.6437 0.2784 0.1948

Number of books in public libraries 0.5802 0.6467 0.128 0.0827 0.1016
Number of museums 0.2246 0.3791 0.3937 0.0596 0.3687
Number of cultural centers −0.0184 −0.0901 0.5331 −0.0071 −0.0785
Number of employees of wholesale
and retail

0.783 0.3069 0.2026 0.0287 0.4716

Number of employees of
transportation, warehousing and post

0.8087 0.3262 0.3147 0.0946 0.2765

Number of employees of
accommodation and catering

0.774 0.2289 0.1615 0.0395 0.5352

Number of employees of
information transmission, computer
service and software

0.9432 0.179 0.1159 0.0566 0.1316

(Continued)
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Table 3: (Continued)

Variable Common factor

1 2 3 4 5

Number of employees of finance 0.8606 0.3197 0.2939 0.0633 −0.014
Number of employees of real estate 0.8666 0.3632 0.2269 0.0819 0.1333
Number of employees of leasing and
business service

0.9374 0.2807 0.1132 0.0334 0.0815

Number of employees of scientific
research, technical service and
geological exploration

0.9392 0.1462 0.2076 0.0732 0.0196

Number of employees of water
resources, environment and public
facility management

0.7308 0.2932 0.5027 0.0872 0.1153

Number of employees of resident
service, repair, and other services

0.5016 0.0681 0.1357 0.0177 0.7814

Number of employees of education 0.6368 0.3487 0.6448 −0.0505 0.0853
Number of employees of health,
social security, and social welfare

0.6767 0.3922 0.5693 −0.0043 0.18

Number of employees of culture,
sports and entertainment

0.915 0.1408 0.2539 0.0676 0.1721

Number of employees of public
management and social organization

0.684 0.317 0.5894 −0.0661 0.0181

From Table 2, it is shown that five common factors are extracted, their proportions are
38.19%, 22.24%, 15.33%, 5.92% and 4.99%, respectively, and the cumulative contribution rate
of common factors reaches 86.67%. The proportion of the first common factor is the highest,
showing that it plays a key role in the urban hierarchical structure.

Based on Table 3, the correlation coefficients between the common factors and their included
variables can be obtained. The greater the correlation coefficient is, the stronger the correlation is.
Generally, when the absolute value of the correlation coefficient of the common factor is greater
than 0.4, it means that this factor reflects the level of the variables better.

The first common factor reflects the level of employment and economy. It better explains
following variables, including the number of employees of information transmission, computer
service and software, scientific research, technical service and geological exploration, leasing and
business service, culture, sports and entertainment, real estate, finance, transportation, warehousing
and post, wholesale and retail, accommodation and catering, water resources, environment and
public facility management, public management and social organization, health, social security,
and social welfare, and education, FDI, added value of tertiary industry, and average wages of
employees.

The second common factor reflects the industrial level of a city. The variables include
the number of industrial employees, number of industrial enterprises, main industrial operating
income, added value of secondary industry, GDP, total industrial assets, and number of books in
public libraries.
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The third common factor reflects the level of medical care, population, education and culture
of a city. The variables include the number of beds in hospitals or health centers, investment in
fixed assets, resident population, the number of students in colleges and universities, government
fiscal deficit and the number of cultural centers. The third common factor of the absolute values
of the correlation coefficients for the number of museums is the largest, thus relatively speaking,
it better explains this variable.

The fourth common factor reflects the level of infrastructure of a city, which includes per
capita paved roads and per capita park greening area.

The fifth common factor reflects the employment level of a city, involving the number of
employees in resident service, repair, and other services.

Using Stata, the coefficients of the factor scores of common factors are obtained. The factor
score models are established based on the coefficients of the factor scores of common factors
obtained in Table 3. The formulas of the first to fifth common factors are

F1 =0.603X1 + 0.452X2 + 0.781X3 + 0.296X4 + 0.52X5 + 0.34X6 + 0.716X7 + 0.628X8 + 0.335X9

+ 0.153X10 + 0.211X11 + 0.03X12 + 0.159X13 + 0.399X14 + 0.447X15 + 0.358X16 + 0.58X17

+ 0.225X18 − 0.018X19 + 0.783X20 + 0.809X21 + 0.774X22 + 0.943X23 + 0.861X24 + 0.867X25

+ 0.937X26 + 0.939X27 + 0.731X28 + 0.502X29 + 0.637X30 + 0.677X31 + 0.915X32

+ 0.684X33 (1)

F2 =0.699X1 + 0.392X2 + 0.426X3 + 0.55X4 + 0.19X5 + 0.814X6 + 0.596X7 + 0.685X8 + 0.886X9

+ 0.914X10 + 0.916X11 + 0.131X12 + 0.08X13 + 0.428X14 + 0.514X15 + 0.291X16 + 0.647X17

+ 0.379X18 − 0.09X19 + 0.307X20 + 0.326X21 + 0.229X22 + 0.179X23 + 0.32X24 + 0.363X25

+ 0.281X26 + 0.146X27 + 0.293X28 + 0.068X29 + 0.349X30 + 0.392X31 + 0.141X32

+ 0.317X33 (2)

F3 =0.262X1 + 0.157X2 + 0.298X3 + 0.689X4 + 0.593X5 + 0.389X6 + 0.294X7 + 0.216X8

+ 0.215X9 + 0.194X10 + 0.139X11 − 0.051X12 − 0.044X13 + 0.739X14 + 0.668X15 + 0.644X16

+ 0.128X17 + 0.394X18 + 0.533X19 + 0.203X20 + 0.315X21 + 0.162X22 + 0.116X23 + 0.294X24

+ 0.227X25 + 0.113X26 + 0.208X27 + 0.503X28 + 0.136X29 + 0.645X30 + 0.569X31 + 0.254X32

+ 0.589X33 (3)

F4 =0.126X1 + 0.442X2 + 0.082X3 + 0.044X4 − 0.204X5 + 0.123X6 + 0.121X7 + 0.126X8 + 0.083X9

+ 0.007X10 + 0.071X11 + 0.883X12 + 0.831X13 − 0.072X14 − 0.145X15 + 0.278X16

+ 0.083X17 + 0.06X18 − 0.007X19 + 0.029X20 + 0.095X21 + 0.04X22 + 0.057X23 + 0.063X24

+ 0.082X25 + 0.033X26 + 0.073X27 + 0.087X28 + 0.018X29 − 0.051X30 − 0.004X31 + 0.068X32

− 0.066X33 (4)

F5 =0.083X1 − 0.172X2 + 0.074X3 + 0.102X4 − 0.108X5 + 0.116X6 + 0.032X7 − 0.013X8

+ 0.039X9 + 0.079X10 + 0.067X11 + 0.036X12 + 0.016X13 + 0.192X14 + 0.082X15 + 0.195X16
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+ 0.102X17 + 0.369X18 − 0.079X19 + 0.472X20 + 0.277X21 + 0.535X22 + 0.132X23 − 0.014X24

+ 0.133X25 + 0.82X26 + 0.02X27 + 0.115X28 + 0.781X29 + 0.085X30 + 0.18X31 + 0.172X32

+ 0.018X33 (5)

where Fi (i = 1, 2, . . . , 5) are the first, second, third, fourth and fifth common factor variables, Xj
(j = 1, 2, . . . , 33) are the variables (indicators) noted in Table 1, and the coefficients of the variables
for the first to fifth common factors are obtained in Table 3.

The common factor scores and ranking of 285 cities in China are calculated through formulas
(1)–(5).

Taking the proportion of common factors as the weights, the comprehensive scores and
ranking of 285 cities above prefecture level in China are calculated. The formula is

F = 0.3819F1 + 0.2224F2 + 0.1533F3 + 0.0592F4 + 0.0499F5 (6)

where the coefficients of the variables are the proportion of the first to fifth common factors
obtained in Table 2.

By calculation, Fig. 2 shows the results of the trend of the comprehensive scores and ranking
of 285 cities. Table 4 shows the top 20 cities with the highest comprehensive scores. Table 5 is
the main indicators from 8 aspects of the top 20 cities.
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Figure 2: The results of the trend of the comprehensive scores and ranking of 285 cities

Table 4: The top 20 cities with the highest comprehensive scores

City Ranking Comprehensive score (F)

Overall F1 F2 F3 F4 F5

Beijing 1 1 284 104 188 285 4.80628
Shanghai 2 2 3 282 262 4 3.32381
Chengdu 3 3 279 14 142 1 1.99311
Shenzhen 4 4 2 285 149 284 1.85197

(Continued)
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Table 4 (Continued)

City Ranking Comprehensive score (F)

Overall F1 F2 F3 F4 F5

Guangzhou 5 5 13 9 14 163 1.7661
Chongqing 6 40 16 1 222 282 1.72174
Tianjin 7 6 10 8 23 281 1.45637
Hangzhou 8 7 11 53 42 31 1.06853
Suzhou (Jiangsu Province) 9 282 1 283 112 59 0.93134
Wuhan 10 116 20 6 22 8 0.84777
Nanjing 11 9 38 15 7 14 0.81181
Xi’an 12 8 208 7 29 6 0.72164
Zhengzhou 13 135 29 4 46 139 0.69698
Qingdao 14 244 14 19 38 34 0.58333
Changsha 15 97 22 11 66 270 0.54257
Ningbo 16 269 6 128 83 171 0.50498
Jinan 17 14 40 31 24 246 0.49688
Changchun 18 16 54 17 54 249 0.46747
Harbin 19 24 272 3 37 48 0.45584
Wuxi 20 278 7 209 59 58 0.40059

According to the comprehensive scores of 285 cities obtained by factor analysis, K-means
clustering algorithm method is used for clustering analysis, and the hierarchical structure of the
cities above prefecture level in China is established, as shown in Table 6. The 285 cities above
prefecture level are clustered into 15 levels. According to the first to fifth common factor scores
and comprehensive scores of each city, the mean value of the first to fifth common factors and the
comprehensive score of each level are calculated. Fig. 3 shows the distribution of the hierarchical
structure of the cities above prefecture level in China.

For the levels of the cities, 8 to 15 levels are computed by using K-means clustering algorithm
method, respectively. Comparing the results of these levels, we select 15 levels in this paper.
For 8 to 14 levels, the results show that these levels are not very detailed and specific, because
some levels include too many cities, which cannot show the clear changes and differences among
the cities in different levels. Thus, for 285 cities, 15 levels are considered in this paper to show
the differences between different levels of the cities from 8 aspects and the characteristics and
development level of the cities more specifically and clearly.

5 Discussion of the Results

From Fig. 2, there is a downward trend for the comprehensive scores of 285 cities, and a very
obvious and rapid downward trend for the top 20 cities with the highest comprehensive scores
especially. Then, the decline trend is relatively slow. It indicates that there is a large difference
in urban development between the top 20 cities and other cities. Specifically, the comprehensive
scores of the first and second cities are much higher than other cities, and also those of the third
to seventh cities are higher than other cities, indicating that there are obviously large differences
in urban development of these cities from other cities in urban development.
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Table 6: The results of clustering analysis of the urban hierarchical structure

Level City Mean value

F1 F2 F3 F4 F5 F

1 Beijing, Shanghai 10.046 1.783 −0.591 −0.736 −0.681 4.065
2 Chengdu, Shenzhen,

Guangzhou, Chongqing,
Tianjin

1.988 2.265 2.438 0.368 1.987 1.758

3 Hangzhou, Suzhou (Jiangsu
Province), Wuhan, Nanjing,
Xi’an, Zhengzhou

0.258 1.901 1.497 1.191 0.499 0.846

4 Qingdao, Changsha, Ningbo,
Jinan, Changchun, Harbin,
Wuxi, Fuzhou (Fujian
Province), Dongguan,
Shenyang, Hefei, Foshan,
Xiamen, Dalian,
Shijiazhuang, Kunming

−0.064 1.124 0.857 1.016 −0.008 0.417

5 Nantong, Yantai, Nanning,
Nanchang, Taiyuan,
Wenzhou, Quanzhou,
Weifang, Tangshan, Xuzhou,
Changzhou, Guiyang, Linyi,
Zhuhai

−0.296 0.892 0.615 0.508 −0.148 0.202

6 Jiaxing, Urumqi, Luoyang,
Lanzhou, Lu’an, Nanyang,
Jining, Huizhou, Yancheng,
Langfang, Zibo, Taizhou,
Jinhua, Baoding, Xiangyang,
Shaoxing, Yangzhou,
Taizhou, Ganzhou

−0.193 0.436, 0.302, −0.089 0.238 0.076

7 Yichang, Dongying, Ordos,
Hohhot, Daqing, Zhenjiang,
Heze, Zunyi, Cangzhou,
Dezhou, Weihai, Shangqiu,
Haikou, Huai’an, Wuhu,
Zhangzhou, Handan,
Liaocheng, Yinchuan, Tai’an,
Liuzhou, Lianyungang,
Baotou, Jiangmen, Yulin,
Zhumadian, Zhongshan,
Hengyang, Zhoukou,
Zhanjiang

−0.179 0.061 0.269 0.115 −0.186 −0.016

(Continued)
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Table 6 (Continued)

Level City Mean value

F1 F2 F3 F4 F5 F

8 Jiujiang, Zhuzhou, Shantou,
Quzhou, Jinzhong,
Mianyang, Huzhou, Yueyang,
Xinyang, Binzhou, Jilin,
Xingtai, Changde, Guilin,
Chenzhou, Huanggang,
Maoming, Weinan,
Qinhuangdao, Nanchong,
Shangrao, Zhangjiakou,
Luliang, Xuchang, Lishui,
Xining, Changzhi, Xinxiang,
Qiqihar, Xianyang,
Pingdingshan, Xiaogan,
Zhoushan

−0.123 −0.174 0.117 −0.163 −0.112 −0.083

9 Linfen, Shiyan, Yuncheng,
Shaoyang, Yichun, Jiaozuo,
Fuyang, Zhaoqing, Karamay,
Longyan, Sanming, Suqian,
Chifeng, Kaifeng,
Ma’anshan, Qingyuan,
Yiyang, Rizhao, Zaozhuang,
Xiangtan, Qujing, Ji’an,
Yongzhou, Datong, Jingzhou,
Putian, Anyang, Jieyang,
Anshan, Chengde

−0.134 −0.157 −0.076 −0.253 −0.107 −0.118

10 Jincheng, Ningde, Bengbu,
Anqing, Chuzhou, Huainan,
Meizhou, Dazhou, Nanping,
Jiayuguan, Hulunbuir, Yulin,
Baoji, Mudanjiang, Yibin,
Yan’an, Zhaotong, Jingmen,
Shaoguan, Liupanshui,
Deyang, Heihe, Huaihua,
Fuzhou (Jiangxi Province),
Suzhou (Anhui Province),
Wuhai, Hanzhong, Sanya,
Puyang, Xinzhou

−0.125 −0.371 −0.167 0.072 −0.004 −0.152

(Continued)
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Table 6 (Continued)

Level City Mean value

F1 F2 F3 F4 F5 F

11 Hengshui, Luzhou, Yuxi,
Jingdezhen, Tongliao,
Wulanchabu, Baise,
Xuancheng, Mazhou,
Yingkou, Loudi, Leshan,
Panzhihua, Sanmenxia,
Hechi, Lijiang, Anshun,
Pu’er, Jinzhou, Songyuan,
Shizuishan, Shuozhou,
Heyuan, Huaibei, Jiamusi,
Suihua, Yangjiang, Luohe,
Huangshi, Guang’an,
Fushun, Siping

−0.048 −0.406 −0.408 −0.198 −0.076 −0.187

12 Chaoyang, Wuzhou,
Guigang, Tongling, Bayannur,
Zhangye, Ankang, Zigong,
Qinzhou, Tianshui,
Yangquan, Beihai, Lincang,
Laiwu, Tonghua, Guangyuan,
Huangshan, Panjin,
Shuangyashan, Liaoyang,
Guyuan, Qingyang,
Pingxiang, Zhongwei, Xinyu,
Yingtan, Baicheng, Meishan,
Yunfu, Fuxin, Baoshan

−0.058 −0.456 −0.543 −0.12 −0.037 −0.216

13 Huludao, Neijiang, Benxi,
Bazhong, Chaozhou,
Dandong, Suining,
Fangchenggang, Jixi, Dingxi,
Wuzhong, Wuwei, Hezhou,
Laibin, Pingliang, Chizhou,
Chongzuo, Zhangjiajie,
Tieling, Jinchang, Jiuquan,
Baiyin, Shanwei, Ziyang,
Hebi, Yichun, Xianning,
Tongchuan, Baishan

−0.056 −0.491 −0.584 −0.314 0.024 −0.237

14 Longnan, Shangluo, Hegang,
Ezhou, Suizhou, Liaoyuan

−0.066 −0.464 −0.724 −0.45 0.207 −0.256

15 Qitaihe, Ya’an −0.101 −0.565 −0.762 0.019 0.202 −0.27



1850 CMES, 2022, vol.131, no.3

Figure 3: The distribution of the hierarchical structure of the cities above prefecture level in China

From Tables 4 and 5, most top 20 cities are located in east China. These are large cities
with the resident population over 6 millions. There are relatively high GDP, FDI and added
value of secondary and teritary industries, complete basic infrastructure, and high education
level in these cities. Among these cities, Beijing and Shanghai are the cities with the highest
comprehensive scores, and their scores are much higher than those of other top 20 cities. Beijing
has highest F1 that shows the greatest power in employment and economy, while Shanghai has
more advantages in industrial development. The comprehensive scores of the cities ranking in
the third to seventh are very close and higher than the rest of 13 cities. In Beijing, the total
employment reaches 6.67 million people for tertiary industry; the economy is also well-developed
with 164.27 billion RMB, 894.81 billion RMB and 1642.7 RMB in FDI, fixed asset investment
and average wage of employees respectively, which ranks the first in China. In Shanghai, the
added value of secondary industry reaches 933.07 billion RMB, and the industrial indicators of
main industrial operating income and number of industrial enterprises are 379.11 million RMB
and 8122, showing dominant in China.

The cities with the highest F2, F3 and F4 are Suzhou, Chongqing and Xiamen, respectively.
For industry development, Suzhou is the top city with the highest per capita added value of
secondary industry and per capita industrial indicators which include total industrial assets,
main operating income, number of industrial enterprises and number of industrial employees. Its
secondary industry accounts for 47.55% of total GDP. Among these industries, there is stable
development of the leading industry, such as computer, communication and other electronic equip-
ment manufacturing, electrical machinery and equipment manufacturing, ferrous metal smelting
and rolling processing, chemical raw materials and chemical products manufacturing, general
equipment manufacturing and automobile manufacturing, achieving a total output value of 2.12
trillion RMB.
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For level of medical care, population, education and culture, Chongqing stands the first place
in the medical treatment for the number of beds in hospitals or health centers and resident
population, reaching 206,080 and 30.75 million people. Concerning the aspect of culture, the
number of museum is relatively high with 94.

With the regards to infrastructure, the per capita paved road area in Xaimen is 13.59, which
is relatively complete than other cities. Its per capita park greening area is obviously high with
53.18, which shows dominate in 285 cities. There is a comfortable environment with large green
area and many scenic spots, such as Kulangsu, with beatiful scenery in this city, which creats it a
national ecological garden city.

Among the top 20 cities, the cities with the highest F1 occupy the top 5 positions of overall
comprehensive score, which indicates that F1 representing economy and employment level of a city
plays a very important role in ranking the cities and determining the urban hierarchical structure.
In these 20 cities, the development of 8 aspects in Hangzhou and Nanjing is more balanced,
while other cities show strong development in certain aspects of urban development. For example,
Shenzhen has high score in F1 and F2, and it advances in economy, employment and industry;
while it has low score in other 3 common factors, and it is poor in medical care, education, culture
and infrastructure. Shenzhen has been committed to developing economy and industry in recent
years, but ignoring developing other aspects, such as culture, education and infrastructure. Mainly
because Shenzhen is an emerging city, it lacks cultural deposits and heritage, and the universities
or colleges and the infrastructure, such as subways, built in Shenzhen is not very complete.

For the bottom 20 cities, their scores of F2, F3 and F4 are lower. Generally, these cities
have lower GDP with less than 130 billion RMB, less FDI, imperfect infrastructure, less resident
population and backward progress of education, medical care and culture, especially for Yichun,
Jinchang, Tongchuan, Qitaihe, etc. The reasons may be that these cities lacks imported FDI, or
the national policies can not be well covered in these cities; moreover, there is no radiation impact
of metropolitans around these cities.

From Table 6, Level 1 involves the cities with outstanding comprehensive strength, which
is much higher than that of other levels, indicating the cities in Level 1 play key roles in the
overall development of the country. The value of F1 is obviously higher than that of the cities
in other levels, which shows the cities in Level 1 have the greatest development in economy and
employment, especiallty in FDI, residents’ consumption ability, tertiary industry and total labor
force. The value of F4 is lower, showing that the infrastracture of the cities should be improved
to achieve a more balanced urban development.

Level 2 is the cities with strong comprehensive strength. There is a gap between the com-
prehensive score of the cities in Level 2 and Level 1 due to the large differences of the value
of F1, and these differences are mainly in employment, foreign investment, tertiary industry and
residents’ consumption level. However, there is better development for the cities in Level 2 in other
aspects, and the development of the cities in Level 2 is more balanced and stable.

Levels 3 to 6 are the potential cities with positive comprehensive scores, and their development
are above the average level. The cities in Level 3 show balanced development with the positive
scores of all five common factors, and have better development in industry. There is a lack
of development in some aspects for the cities in Levels 4 to 6 due to the negative scores of
some common factors, and these cities need to improve the economy and employment level. The
development of economy, employment and infrastructure for the cities in Level 6 lags behind.
Without changing their structural characteristics and environment, these cities can make up for
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slightly backward aspects according to their own needs for development, which can make more
complete urban development. These cities can also absorb the advantages of the cities in Levels
1 and 2, so as to achieve better development.

Levels 7 and 8 are the developing cities with negative comprehensive scores, and their overall
development is below the average level. More aspects of development for the cities in these levels
are lower than the average level. The economy and employment level for the cities in Level 7
lags behind. The cities in Level 8 only have one positive score of F3, which indicates the devel-
opment of medical care, population, education and culture are above the average level, and the
development of other aspects, especially for industry, lags behind. In the process of development,
these cities need to highlight their characteristics to maximize their development, formulate urban
planning based on the urban characteristics and combination with other industries, and try to
make up for their own shortcomings.

Levels 9 to 15 are the cities to be developed. Their comprehensive scores are negative, and
most common factor scores are also negative. Their development is considerably lower than
the average level, and they all have weaknesses in development. All the scores of the common
factors show negative for the cities in Levels 9, 11 and 12, showing that the overall development
for these cities is below the average level and lag far behind. The values of F2 and F3 are
relatively lower, which indicates the development of industry, medical care, population, education
and culture is excessively backward. These cities can strengthen the construction of infrastructure
and transportation system, optimize the industrial structure, strengthen the cooperation with big
cities, increase cultural exchanges with other cities, and improve the level and efficiency of urban
comprehensive development.

Through the above analysis, the conclusions are: (1) The main reasons for the differences
in urban levels are the level and development of urban economy and employment, and these
indicators play key roles in determining the level of the city; (2) There is a large difference in
urban development between the top 20 cities and other cities; (3) The cities in each level have
advantages and disadvantages in some aspects, and the overall development for the most cities is
not very balanced; (4) Cities at the same level have similarities in urban development.

6 Conclusions and Policy Implications

In this paper, based on multiple indicators of economy and industry, the urban hierarchical
structure in China is investigated. The indicators from the aspects of economy, industry, infrastruc-
ture, medical care, population, education, culture and employment levels are selected to establish
a new indicator system for analyzing urban hierarchical structure. The factor analysis method is
used to investigate the relationship between the variables of selected indicators and obtain the
score of each common factor and comprehensive scores and rankings for 285 cities above the
prefecture level in China. According to the comprehensive scores, 285 cities above the prefecture
level are clustered into 15 levels using the K-means clustering algorithm. Then, the hierarchical
structure system of the cities above the prefecture level in China is obtained.

The conclusions can be drawn as follows: (1) The main reasons for the differences in urban
levels are the level and development of urban economy and employment, and these indicators
play key roles in determining the level of the city; (2) There is a large difference in urban
development between the top 20 cities and other cities; (3) The cities in each level have advantages
and disadvantages in some aspects, and the overall development for the most cities is not very
balanced; (4) Cities at the same level have similarities in urban development.
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Based on the conclusions, the policy implications are proposed as follows:

Firstly, although the factors of economy and employment are very important, the government
also needs to focus on the development of industry, infrastructure, medical care, population,
education and culture based on the economy and employment during the progress of urban
development to achieve more balanced development.

Secondly, without changing the environment and inherent characteristics of the city, the
government can strengthen the advantages, make up for the deficiencies and make the urban
development more coordinated according to the quantitative data.

Thirdly, the needs of urban development at each level are different. The government can find
out the gap during the development process of the city according to the backward aspects, and
formulate a more complete and balanced urban planning of the city in each level.

Fourthly, the development of cities at all levels should consider their own specialized develop-
ment direction on the basis of the national macro development strategy, maximize the advantages
of the city, and formulate urban planning based on the characteristics of the city, combination
with other industries and sustainable development, so as to make urban development more
balanced.

This paper can identify the drawbacks during the urban development, help the government
find out the gaps among the development process of economy, industry, infrastructure, medical
care, population, education, culture and employment, and improve the overall development of the
country.

The results and implications can not only be applied to the urban planning and development
in China, but also offer a reference on other developing countries. Also, the methodologies used
in this paper can be applied to study the urban hierarchical structure in other countries.
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8. Bruneckienė, J., Sinkienė, J. (2015). The economic competitiveness of Lithuanian-Polish border region’s
cities: The specific of urban shrinkage. Equilibrium-Quarterly Journal of Economics and Economic Policy,
10(4), 133–149. DOI 10.12775/EQUIL.2015.039.

9. Wang, L., Shen, J. F. (2017). Comparative analysis of urban competitiveness in the Yangtze river
delta and pearl river delta regions of China, 2000–2010. Applied Spatial Analysis, 10, 401–419. DOI
10.1007/s12061-016-9210-6.

10. Sáez, L., Periáñez, I., Heras-Saizarbitoria, I. (2017). Measuring urban competitiveness: Ranking
European large urban zones. Journal of Place Management and Development, 10(5), 479–496. DOI
10.1108/JPMD-07-2017-0066.

11. Song, M. L., Xie, Q. J. (2021). Evaluation of urban competitiveness of the Huaihe River eco-
economic belt based on dynamic factor analysis. Computational Economics, 10, 615–639. DOI
10.1007/s10614-019-09952-5.

12. Liu, C. C., Chuang, L. M., Huang, C. M. (2011). A study on the urban competitiveness of two-straits.
Applied Economics Letters, 19(10), 1001–1005. DOI 10.1080/13504851.2011.610736.

13. Li, F., Liu, X. S., Hua, D., Wang, R. S., Yang, W. R. et al. (2009). Measurement indicators and an
evaluation approach for assessing urban sustainable development: A case study for China’s Jining city.
Landscape and Urban Planning, 90, 134–142. DOI 10.1016/j.landurbplan.2008.10.022.

14. Cai, C. M., Shang, J. C. (2009). Comprehensive evaluation on urban sustainable development of Harbin
city in Northeast China. Chinese Geographical Science, 19(2), 144–150. DOI 10.1007/s11769-009-0144-7.

15. Hu, R. (2015). Sustainability and competitiveness in Australian cities. Sustainability, 7, 1840–1860. DOI
10.3390/su7021840.

16. Yang, B., Xu, T., Shi, L. Y. (2017). Analysis on sustainable urban development levels and trends in China’s
cities. Journal of Cleaner Production, 141, 868–880. DOI 10.1016/j.jclepro.2016.09.121.

17. Wang, Y. Q., Yuan, G. H., Yan, Y., Zhang, X. L. (2020). Evaluation of sustainable urban development
under environmental constraints: A case study of Jiangsu Province. China Sustainability, 12, 1049. DOI
10.3390/su12031049.

18. Liu, S. D., Ding, P. Y., Xue, B. R., Zhu, H. B., Gao, J. (2020). Urban sustainability evaluation based
on the DPSIR dynamic model: A case study in Shaanxi Province. China Sustainability, 12, 7460. DOI
10.3390/su12187460.

19. Li, H. M., Huang, X., Xia, Q., Jiang, Z. M., Xu, C. C. et al. (2021). Dynamic evaluation of urban
sustainability based on ELECTRE: A case study from China. Discrete Dynamics in Nature and Society,
2021, 6659623. DOI 10.1155/2021/6659623.

20. Shan, J. J., Wu, Z. Y. (2015). Evaluation of China’s urban healthy development: Current situation,
problems and countermeasures. Chinese Journal of Urban and Environmental Studies, 3(3), 1550023. DOI
10.1142/S2345748115500232.

21. Wang, L. L., Xiao, W. W., Wang, C. W. (2017). Evolution of hierarchical structure and spatial pattern
of coastal cities in China–based on the data of distribution of marine-related enterprises. Polish Maritime
Research, 24(s1), 58–64. DOI 10.1515/pomr-2017-0105.

22. Han, R. B., Cao, H. H., Liu, Z. W. (2018). Studying the urban hierarchical pattern and spatial structure
of China using a synthesized gravity model. Science China (Earth Sciences), 61(12), 1818–1831. DOI
10.1007/s11430-016-9191-5.

23. Shi, H. B., Tsai, S. B., Lin, X. W., Zhang, T. Y. (2018). How to evaluate smart cities’ construction?
A comparison of Chinese smart city evaluation methods based on PSF. Sustainability, 10, 37. DOI
10.3390/su10010037.

24. Zhen, F., Qin, X., Ye, X. Y., Sun, H. H., Luosang, Z. X. (2019). Analyzing urban development patterns
based on the flow analysis method. Cities, 86, 178–197. DOI 10.1016/j.cities.2018.09.015.

25. Wang, W. M., Peng, H. H. (2020). A fuzzy multi-criteria evaluation framework for urban sustainable
development. Mathematics, 8, 330. DOI 10.3390/math8030330.

26. Shao, W. Q. (2020). Evaluation of international port city based on fuzzy comprehensive evaluation. Journal
of Intelligent & Fuzzy Systems, 38, 7027–7032. DOI 10.3233/JIFS-179780.

http://dx.doi.org/10.12775/EQUIL.2015.039
http://dx.doi.org/10.1007/s12061-016-9210-6
http://dx.doi.org/10.1108/JPMD-07-2017-0066
http://dx.doi.org/10.1007/s10614-019-09952-5
http://dx.doi.org/10.1080/13504851.2011.610736
http://dx.doi.org/10.1016/j.landurbplan.2008.10.022
http://dx.doi.org/10.1007/s11769-009-0144-7
http://dx.doi.org/10.3390/su7021840
http://dx.doi.org/10.1016/j.jclepro.2016.09.121
http://dx.doi.org/10.3390/su12031049
http://dx.doi.org/10.3390/su12187460
http://dx.doi.org/10.1155/2021/6659623
http://dx.doi.org/10.1142/S2345748115500232
http://dx.doi.org/10.1515/pomr-2017-0105
http://dx.doi.org/10.1007/s11430-016-9191-5
http://dx.doi.org/10.3390/su10010037
http://dx.doi.org/10.1016/j.cities.2018.09.015
http://dx.doi.org/10.3390/math8030330
http://dx.doi.org/10.3233/JIFS-179780


CMES, 2022, vol.131, no.3 1855

27. Li, Q. Z., Fu, Q., Zou, Y., Hu, X. J. (2021). Evaluation of livable city based on GIS and PSO-SVM: A
case study of hunan province. International Journal of Pattern Recognition and Artificial Intelligence, 35(8),
2159030. DOI 10.1142/S0218001421590308.

28. Cheng, J. (2021). Analysis of commercial land leasing of the district governments of Beijing in China. Land
Use Policy, 100, 104881. DOI 10.1016/j.landusepol.2020.104881.

29. Cheng, J. (2021). Mathematical models and data analysis of residential land leasing behavior of district
governments of Beijing in China. Mathematics, 9, 2314. DOI 10.3390/math9182314.

http://dx.doi.org/10.1142/S0218001421590308
http://dx.doi.org/10.1016/j.landusepol.2020.104881
http://dx.doi.org/10.3390/math9182314

