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Urban resilience and urbanization have been researched wildly by urban researchers. The coupling relationship between the level
of urban resilience and urbanization is a considerable reference to assess the quality of urban development. Based on the
correlation of objective index data, it theoretically explains whether the urban resilience level is coupled with the urbanization level
and the degree of coupling, providing advice and wisdom for the future high-quality urban development of Hefei. Objective. To
explore whether there is coupling between the urbanization level and the urban resilience level and to explore what extent of the
coupling is. Research Methods. The dimensionless method was mainly used to standardize the original statistical data, the entropy
method can be chosen to obtain the weight of the indexes of urbanization level and urban resilience level, and the coupling
coordination model was chosen to study the degree of coupling coordination. Research conclusions. From 2011 to 2013, the
coupling coordinate on degree was low. The coupling coordination level of urbanization and urban resilience was moderately
unbalanced in 2011, mild disorder in 2012, and primary coordination in 2013. However, in 2014 and 2015, the situation improved
alot, and the coordination degree was intermediate coordination. From 2016 to 2019, the coupling coordination degree was in the

stage of advanced coordination.

1. Introduction

In March 2019, the Ministry of Housing and Urban-Rural
Development issued the notice on organizing and recom-
mending the first batch of cities to carry out physical ex-
amination evaluation, and then, the relevant places carried out
an urban physical examination in an orderly manner. Among
them, the city’s safety resilience, as an important indicator, is
subdivided into several sublevel indicators. Thus, the level of
urban resilience is an important topic of concern to re-
searchers and city managers in the field of urban planning.
Especially in latest several years, the process of urbanization
has been rapidly promoted in China which manifests in the
urbanization rate having been continuously improved, the
population having been rapidly expanding, and economic
activities becoming more intense. It also leads to difficulty in
maintaining a stable dynamic balance within the city. At
present, socialism with Chinese characteristics has entered a
new era, which is reflected in the field of urban work in that the
people’s pursuit of a better life is the foothold of urban work.

Strengthening urban resilience is a way to solve the most direct
and realistic problems that people are most concerned about in
the field of urban planning. Urban resilience theory provides
the system framework to solve the city security risks [1], which
strengthens the ability to resist disasters. If urbanization can
properly absorb urban resilience theory, there will be a long-
term practical significance to achieve high-quality develop-
ment, to build a resilient city, to solve the problem of city
disease, and to enhance the ability of cities against disaster.
Resilience usually can be understood as a meaning of “the
ability to return to an initial state” [2]. Urban resilience could
be against severe shock so that the urban system still
maintains stability in structure and functions [3]. Holling
applied the concept of resilience at the first time in the field of
systems ecology [4]. Resilience thinking is a kind of capacity
that can be understood as a system to absorb uncertain
disturbances and to maintain its own structures and processes
[5]. With the deepening of relevant research, foreign studies
on urban resilience become more and more sufficient. Many
scholars put forward their own viewpoint. For example, a
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system’s resilience features should be evaluated in a wider
perspective [5, 6]; resilience was a method to deal with urban
problems [7]; resilience was an ability of the system to absorb
kinds of disturbances and acquire a balance by its own re-
covery [5, 8]; resilience was a capacity which can absorb
external pressures or uncertain and destructive forces by
adaptation to the changes [9], and resilience allowed a system
to adapt to changes [10, 11].

In the field of urban research abroad, the application of
urban resilience theory has been greatly favored because it
can be applied to many urban risk problems and other
uncertain urban problems [12, 13]. In urban planning, the
principles of resilience thinking were argued that it con-
tributed a lot to the emergence of a sustainable urban system
[14]. The theory of urban resilience has considerably been
accepted, absorbed, and used for reference by many foreign
cities and organizations to deal with urban problems. At the
same time, foreign researchers have found ways to assess the
resilience of cities, mainly using quantitative methods, such
as models or an index system [15]. They focused on social,
ecological, and environmental factors [16]. In general, for-
eign research on urban resilience has formed a relatively
complete theoretical system on urban resilience, from the
concept of resilience to the measurement method of resil-
ience level and the implementation strategy of resilience
theory. Due to the intersecting of related research fields and
contents, the field of urban planning gradually absorbed the
idea of resilience, which laid a theoretical foundation for the
formation and development of urban resilience. At present,
domestic studies on urban resilience are no longer limited to
the identification of the concept of urban resilience, the
measurement of the resilience level and the theoretical
framework of resilient cities [17], but have diverged. For
example, Dalian’s urban resilience was evaluated based on
“scale-density-morphology” [18]. In addition, other scholars
in this field have also studied the coupling relationship
between urbanization and urban resilience. For example,
Wang et al. have studied the coupling relationship between
the urbanization level of the Pearl River Delta and the
ecological resilience of various cities in the region [17]. Some
scholars have also studied the urban resilience of Harbin-
Changchun urban agglomeration [19], and some scholars
have conducted a comparative study on the urban resilience
of agglomerations in China [20]. However, few scholars
studied the relationship between the urban resilience of a
single city and its urbanization level. Based on these previous
research studies, Hefei was taken as an example to explore
this kind of relationship from the perspective of coupling
coordination. The geographical location of Hefei is shown in
Figure 1, and the administrative area is shown in Figure 2.

The speed of development of Hefei is remarkable in recent
years, according to the statistical data in 2020. Its GDP
exceeded 1 trillion Yuan, and its urbanization level is ahead of
other cities in the province of Anhui. But with its rapid de-
velopment at the same time, many urban problems are also
exposed. From the perspective of the urban resilience level
alone, it seems that it is not coordinated with its urbanization
level. Therefore, this paper discusses the relationship between
the urbanization level and urban resilience level in Hefei and
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FIGURE 2: Zoning map of Hefei.

demonstrates the coupling coordination relationship between
them, expecting to contribute wisdom to the high-quality
urban development of Hefei.

The remaining part of this paper is structured in the
following manner: Section 2 is devoted for the theoretical
mechanism that urbanization and urban resilience restrict
and promote each other; Section 3 expounds the sources and
processing methods of the data used in this paper and how to
build the evaluation index system of the research object;
Section 4 shows the results calculated according to various
indicators; and in Section 5, according to the research results,
some strategies to enhance the level of urban resilience are put
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forward, and the future research direction is pointed out. In
Figure 3, we can see the flow of this research.

2. Theoretical Mechanism

City is a complex and huge social system, with strong
material input and output, energy exchange, and other
activities. Urbanization is a stage that urban development
must go through, and it is mainly reflected in the urbani-
zation of the population, economy, society, space, and
residents’ way of life. Urban problems will inevitably appear
in the process of urbanization. How to solve these problems
of urban development is a concern to many urban re-
searchers which results in the theory of urban resilience
being introduced and applied. There is a close contact be-
tween urbanization and urban resilience. In general, en-
hancing the resilience level of the city is an effective method
to solve or prevent some problems of the city. The inter-
action between urban resilience and urbanization is mainly
reflected in population growth, economic development, and
spatial expansion of cities. First, urbanization brings a large
number of people into cities. Excessive population density
and high consumption levels lead to increased demand for
various resources in cities, which directly or indirectly
damages or reduces the resilience of cities. Second, a higher
level of urban resilience can promote a higher quality of
urban urbanization. The main purpose of urban resilience is
to provide material and immaterial conditions for the
normal operation of the huge complex system of cities and to
ensure that the exchange of matter, energy, and information
of cities will not be greatly disturbed, which ensures the
steady progress of the urbanization process. Third, a low
level of urban resilience will restrict the urbanization pro-
cess. If the level of urban resilience is too low, there will be
more safety risks in the development process of a city, and
the accident rate will be higher than that of ordinary areas.
The high-quality development of a city will be difficult to
sustain, and the level and quality of urbanization will in-
evitably be damaged. By studying the coupling relationship
between them, we can acknowledge the status of urban
resilience and know whether they can coordinate with each
other, which is a reference for urban development.

3. Data Source, Research Method, and
Index System

3.1. Data Source. The data in this paper are from the website
of Anhui Provincial Bureau of Statistics, the Statistical
Yearbook of Anhui Province (2012-2020), and the Statistical
Yearbook of Hefei City (2012-2020) published on the website
of the Hefei Municipal Bureau of Statistics from 2012 to 2020,
and some data are from the statistical announcement on the
website of Hefei Municipal Government.

3.2. Research Methods

3.2.1. Standardization of Data. Due to the dimensionless
differences of various indicators, their effects on the research
object can be divided into two kinds. Some indicators play a
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FIGURE 3: Flowchart for conducting this research.

promoting role, while others play a weakening role. In this
paper, the original statistical data are processed by extre-
mum standardization, and the data are preliminarily pro-
cessed by the dimensionless processing method. The
following equations [21] are used for data preprocessing:
_ (Xi]-—Xmm) (1)

7 (X max — X min)’

B (Xmax—Xij) 2)

77 (X max — X min)

Equation (1) is applicable to the positive indicator that
the bigger the better for the system [22], and equation (2) is
applicable to those negative indicators that the smaller the
better. And i means the year, j means the index, and X,,.x
and X, respectively, mean the extreme value of the jth
index in all years, namely, the maximum and minimum
value. The standardized value is represented by Z;;, and the
original value is represented by Xj;.

3.2.2. Entropy Method. The entropy method to determine
the weight is objective which can weaken the interference of
subjective factors that was used in many research [23, 24] to
determine the weight of various indexes. If a system has
more entropy information, its structure will be more stable
[25], and the lower the entropy of the index, the greater its
weight [26]. For the sake of weakening the effects of sub-
jective factors, the entropy method was chosen to confirm
the weight of each index and to construct the evaluation
systems in this paper.

3.2.3. Comprehensive Score Measurement. According to the
standardized values of each index obtained after data pre-
processing, then multiply them with their respective weights,
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TaBLE 1: Indicator system of urbanization level.

First-level indicators Weight Second-level indicators Weight Type
" The urbanization rate 01246 +
Urbanization of . . S
. 0.2354  Proportion of working population in secondary and
population O . 01108 +
tertiary industries
Indicator system of Urbanization of Ratio of tbe output Yalue of secondary and tertiary 01621  +
L 0.3136 industries in total output value
urbanization level U, economy
The average salary of employee 01515 +
Urbanization of Total retail sales of consumer goods per capita 01708 +
. 0.3193 . . .
society Science and education expenditures 01485 +
Urbanization of space 0.1317 Proportion of built-up area to urban area 01317 +

and then sum them, and the comprehensive index of the
evaluation system of the urbanization level can be calculated.
The equation is as follows:

n n
Uicip = Zwij.“ipzwij =1 (3)
i=1 i=1

In the above equation, w;; means the weight of second-
level indicators; y;; means the standardized value of second-
level indicators; i means the ith year; and j means the jth
indicator.

3.2.4. Coupling Harmonious Degree Model. The concept
of coupling in the field of physics was often used to
explore the interaction or interaction between two or
more systems under their own and external effects [27].
Therefore, the coupling degree model is chosen in this
research to explore the coupling relationship. The
equation is as follows:

1/2
Coax [M] , (4)
(U1 + U2)2

In the above equation, C means the coupling degree. U,
means the comprehensive evaluation index of the urban
resilience level; U, means the comprehensive evaluation
index of the urbanization level. C can describe the degree of
interaction and influence between systems, but it is hard to
reflect the overall development level of the two systems [2].
Therefore, this paper further introduces the coordination
degree model with the equation as follows:

D= CT, T = aU, + fU,. (5)

In the above equation, D means the coupling coordi-
nation degree and T means the comprehensive coordination
index. D can more comprehensively evaluate the develop-
ment status of the two systems. A high value of D indicates a
high level of mutual promotion between systems. A low
value of D indicates a low level of mutual restriction relation
between systems [27]. @ and 3 can be interpreted as the
relative importance of two subsystems, and its relative size
does not affect the basic model of coupling coordination
degree of the overall situation. The sum of @ and f is always
equal to 1. Therefore, in this paper, the values of & and f3 are
0.5 according to relevant studies [28].

3.3. Index System

3.3.1. Indicator System of Urbanization Level. With refer-
ence to the research of Tong and Cao [29] and the actual
needs of this paper, four first-level indicators of urbanization
including population, social, spatial, and economy were
selected, and one or two second-level indicators were se-
lected from each first-level indicator according to the re-
search needs. The index system of the urbanization level is
shown in Table 1.

Determination of weights of various indicators: through
dimensionless processing standardization values of the
original data for correction (if the entropy method is chosen
to confirm the weight, then all the data cannot be 0. So, all
the data as a whole are increased by 0.01), a standardized
table of values for the level of urbanization can be obtained.
The weight of each index was obtained by entropy analysis,
as shown in Table 2.

3.3.2. Index System of Urban Resilience Level. As referred to
the relevant research [18], four first-level indicators of urban
resilience including economy, ecology, society, and infra-
structure construction were selected, and each first-level
indicator was also subdivided into multiple second-level
indicator systems, as shown in Table 3.

The weights of indicators of urban resilience can be
determined in the same way as the weights of indicators of
the urbanization level. The standardized values of urban
resilience level indicators are shown in Table 4.

4. Research Results

The comprehensive score of U; and U, in each year and the
coupling coordination degree are shown in Table 5, and we can
acquaint the changes of numerical values in Figures 4 and 5.

In Table 5, after 2012, the change degree of C value is not
obvious, but the change of D value is very clear, which
confirms that D value can better reflect the relationship
between the two systems. Based on the studies on similar
problems [30, 31], the coupling coordination degree was
divided into several levels. In this paper, the research
methods and conclusions of previous scholars were adopted
to divide the value of D into six levels, as shown in Table 6.

The comparison between Tables 5 and 6 shows that the
coupling coordination level of urbanization and urban
resilience was moderately unbalanced in 2011, mild
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TaBLE 2: Standardized values of various indicators of urbanization level.

2011 2012 2013 2014 2015 2016 2017 2018 2019

The urbanization rate 0.01 016 0.28 039 050 0.65 0.79 0.89 1.01
Proportion of working population in secondary and tertiary industries 0.01 0.18 031 048 061 0.68 0.75 0.86 1.01
Ratio of the output value of secondary and tertiary industries in total output 0.01 0.09 0.16 0.32 039 0.55 0.70 0.86 1.01
The average salary of employee 0.01 012 019 030 042 053 0.65 0.89 1.01
Total retail sales of consumer goods per capita 0.01 0.07 013 028 0.35 043 051 0.58 1.01
Science and education expenditures 0.01 016 020 023 0.31 0.58 0.54 0.72 1.01
Proportion of built-up area to urban area 0.01 0.5 0.29 036 0.48 0.84 0.85 0.90 1.01

TaBLE 3: Urban resilience index system.

First-level indicators Weight Second-level indicators Weight Type
Gross regional product per capita 0.0519 +
s Actual use of foreign capital 01730  +
Resilience of economy 0.3250 GDP growth rate 00558  +
Household savings 0.0443 +
Green space coverage in built-up areas 0.0674 +
Park green area per capita 0.0356  +
Resilience of ecology  0.1896 Capacity garbage disposal 0.0486  +
Percentage of days with air quality reaching or better
0.0380 +
than grade II
Index system of urban Volume of post and telizlo)g;mumcatlon services per 1 ea
resilience level U The number of regular colleges and universities per 00384 +

10,000 people

The number of health technicians per 10,000 people 0.0522  +
Urban registered unemployment rate 0.0463 -

The public security organ investigating and handling

Resilience of society  0.3167

: 0.0653 -

public order cases
Urban sewage treatment rate 0.0253  +
Resilience of 0.1687 The number of buses per 10,000 people 0.0651 +
infrastructure ’ Urban road area per capita 0.0515  +
Length of urban drainage pipes 0.0288  +

TABLE 4: Standardized values of various indicators of the urban resilience level.

2011 2012 2013 2014 2015 2016 2017 2018 2019

Gross regional product per capita 001 011 020 030 038 048 061 074 1.01
Actual use of foreign capital 0.01 0.02 0.04 0.06 0.07 0.09 010 012 1.01
GDP growth rate 1.00 078 051 045 038 029 013 013 0.01
Household savings 0.01 015 027 034 045 055 061 0.79 1.01
Green space coverage in built-up areas 068 0.04 040 101 059 038 062 0.05 0.01
Park green area per capita 097 0.01 012 075 078 082 101 075 0.74
Capacity garbage disposal 0.01 016 023 033 045 0.65 091 0.86 1.01
Percentage of days with air quality reaching or better than grade II  0.77 1.01 0.68 0.63 026 031 0.01 041 0.36
Volume of post and telecommunication services per capita 0.01 0.03 006 008 012 024 016 061 1.01
The number of regular colleges and universities per 10,000 people ~ 0.01 016 035 0.52 077 083 0.80 0.65 1.01
The number of health technicians per 10,000 people 0.01 012 021 027 033 045 0.57 0.69 1.01
Urban registered unemployment rate 0.01 0.07 036 057 0.65 0.58 092 098 1.01
Public order cases handled by the public security organ 0.06 042 001 0.08 046 090 0.89 1.01 0.78
Urban sewage treatment rate 1.01 055 059 063 094 09 097 073 0.01
The number of buses per 10,000 people 0.01 0.06 014 027 039 0.52 081 0.80 1.01
Urban road area per capita 0.83 0.01 021 017 027 035 060 082 1.01
Length of urban drainage pipes 0.01 044 062 085 044 055 0.8l 095 1.01
disorder in 2012, and primary coordination in 2013.  coordination level was in advanced coordination. Overall,
However, in 2014 and 2015, the situation improved a lot,  the coupling coordination degree of them is improving year
and the coordination degree between the two was inter- by year, and the coupling coordination level is getting

mediate coordination. From 2016 to 2019, the coupling  better and better, as shown in Figure 5.
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TaBLE 5: Coupling coordination degree from 2011 to 2019.

The comprehensive score of The comprehensive score of urban Coupling The degree of coupling
urbanization level U, resilience level U, C coordination D

2011 0.010 0.245 0.388 0.222
2012 0.128 0.185 0.983 0.393
2013 0.214 0.227 1.000 0.470
2014 0.328 0.342 1.000 0.579
2015 0.426 0.367 0.997 0.629
2016 0.596 0.437 0.988 0.715
2017 0.673 0.514 0.991 0.767
2018 0.805 0.569 0.985 0.823
2019 1.010 0.813 0.994 0.952

1.0 4

0.8 4

0.6 4

0.4 4

0.2

0.0 4

2011 2012 2013 2014 2015 2016 2017 2018 2019

- U,
—— U,

FIGURE 4: The changes of comprehensive score of U; and U..
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F1GURE 5: The changes of C and D.

TasBLE 6: Classification of coupling coordination degree.

Coupling coordination degree interval Coupling coordination level
0.000-0.199 Serious disorder
0.200-0.299 Moderate disorder
0.300-0.399 Mild disorder
0.400-0.499 Primary coordination
0.500-0.699 Intermediate coordination

0.700-1.000 Advanced coordination
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5. Conclusions

Before 2013, the coupling relationship between the level of
urban resilience and urbanization in Hefei was in the phase
of imbalance. After 2014, it gradually coupled and changed
to the direction of high coordination. What is remarkable is
that the coupling coordination level is at a high-level co-
ordination level from 2016 to 2019. Under the background
that the urbanization of the city will be in the third stage of
Northam Curve for a long time. In the future, the urbani-
zation level of Hefei will be in a state of slow growth for a
long time. However, in order to achieve a higher coupling
coordination level, it is necessary to consider improving the
city’s resilience. That is to say, the future development of
Hefei should pay more attention to the concept of resilient
development and do enough work of a resilient city.

According to the above conclusions and statements, the
author proposes the following two suggestions: one is that in
the context of slower urbanization in the future, a higher
degree of coupling and coordination depends on increasing
the level of resilience of cities. What should be paid more
attention to is infrastructure and ecology and to enhance
their resilience. The other one is that to build up the thinking
of resilience in the development of the city and to seek
methods to enhance its resilience level which can improve
the ability of cities to resist all kinds of disaster risks. In this
regard, we can learn from Rotterdam’s ideas and practices in
building resilient cities, such as the “resilient scan” tool they
used in urban planning and the participation of residents in
building resilient cities. The city of Hefei has a great spillover
effect and polarization effect [32], which has greatly affected
the urbanization process of surrounding counties and even
cities. Hefei, as nuclear city of Anhui province, the im-
portance of enhancing its urban resilience level should be
attached because there will be a great significance of other
cities that be radiated and affected by Hefei.
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