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Abstract: Rapid urbanization places great pressure on the ecological environment and the carrying
capacity of cities. Improving urban resilience has become an inherent requirement for the sustainable
development of modern cities and urban agglomerations. This study constructed a comprehensive
system to evaluate urban resilience from four perspectives: The ecological environment, economic
level, social environment, and infrastructure services. As a case study, the extreme entropy method
and panel data from about 16 cities from 2009 to 2016 were used to calculate resilience levels in the
Guanzhong plain urban agglomeration (GPUA) in China. The spatial and temporal evolution of urban
resilience characteristics in the GPUA were analyzed using ArcGIS. The influencing factors were
further explored using a grey correlation analysis. The results showed that the urban resilience of
GPUA experienced geographical differentiation in the “East-Central-Western” area and a “circle type”
evolution process. Most urban resilience levels were low. The resilience of the infrastructure and
the ecological environment significantly impacted the city and became its development weaknesses.
Economic considerations have become one of the main factors influencing fluctuations in urban
resilience. In summary, this study explored the differences in resilience in the GPUA and provided a
reference for improving the urban resilience of other cities located in underdeveloped regions. The
study also provided a useful theoretical basis for sustainable urban development.

Keywords: urban agglomeration; urban resilience; extreme entropy method; grey correlation degree;
spatial–temporal evolution

1. Introduction

Urbanization is the most transformative force driving economic growth and social culture. Cities
are increasingly becoming complex systems driven by social, economic, and ecological factors [1]. They
serve as a main carrier of human life, civilization, and innovation, and are crucial to the development
of modern human beings. However, uncertainties significantly threaten the sustainable development
of cities, including natural disasters, climate change, energy crises, political instability, financial crises,
food security, and terrorist attacks [2]. There are some differences in cities’ abilities to resist or sustain
these uncertainties. Some cities fail to recover after a crisis, while others can gradually overcome the
adverse impact of a disaster and even use it as an opportunity for further development. Therefore,
effectively evaluating such capabilities is critical for urban planning and sustainable development.
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The introduction of resilience provides new insights for solving these problems. The term
resilience was originally derived from the Latin "resilio" [3], which was originally defined as “reverting
to the original state.” Since then, the concept of resilience has been applied to different fields, including
mechanics, psychology, ethnology, and human ecology [4,5]. As an indispensable research subject in
human ecology, the idea of resilience is naturally applied to urban research, laying a foundation for the
formation of the theory of urban resilience [6]. Urban resilience refers to the ability of urban systems to
achieve normal operations (such as public safety, social order, and economic construction) through
reasonable preparation, buffering, and response to uncertainty disturbances. The research of how to
scientifically quantify urban resilience is helpful for scholars to accurately and effectively translate
the theory into the actual construction of resilient cities. As an emerging research topic, research of
urban resilience is very limited, and there is currently no unified measurement standard. Jabareen [7]
proposed a planning framework to build a resilient city, including “vulnerability analysis, government
regulation prevention, and uncertainty-oriented planning”. The framework provides managers and
policy makers with a flexible, adaptable approach to integrate multiple dimensions (social, economic,
cultural, and environmental) into a unified framework. However, there is a lack of supporting data to
analyze changes in urban resilience.

While considering the evaluation of urban resilience, the resilience from the perspective of urban
agglomeration is also a significant issue. The “New Urban Agenda (NUA)” published by the United
Nations Conference on Housing and Sustainable Urban Development (Habitat III) calls on Member
States to implement sustainable urban and territorial planning, build resilience, and use integrated
urban areas or urban agglomeration [8]. Urban areas and agglomeration economic development have
been cited as promising ways to help cities and regions enhance their competitiveness and achieve
sustainable development [1].

It is our goal to explore the temporal and spatial evolution of urban resilience from the perspective
of urban agglomeration. Over the past 40 years, eight large urban agglomerations have formed
in China. The urbanization rate increased from 17.9% in 1978 to 60.60% by the end of 2019 [9].
As a result, there has been increased interest in urban resilience research, with a focus on urban
agglomerations. The Guanzhong plain urban agglomeration (GPUA) is one of China’s eight major
urban agglomerations, covering 16 cities in the central and western regions of China. The GPUA
is representative of China’s underdeveloped and adaptive growth regions. Given the pressure of
urbanization, there is an urgent need to measure the level of urban resilience. Therefore, it is of great
theoretical and practical significance to evaluate the urban resilience of the GPUA and to explore its
temporal and spatial evolution process.

This study selected 15 evaluation indicators covering four perspectives: Ecological environment,
economic level, social environment, and infrastructure services. The indicators form three different
levels of an evaluation system. By constructing this evaluation index system of urban resilience, this
study used the extreme entropy method to calculate the urban resilience of the GPUA from 2009 to
2016 and analyzed its temporal and spatial evolution characteristics using ArcGIS. Finally, the study
explored the factors influencing urban resilience using grey correlation analysis.

The rest of this study is organized as follows: Section 2 reviews the literature relating to the
topic. Section 3 introduces the construction and research methods used to develop the urban resilience
evaluation system, including the extreme value entropy method and grey correlation analysis. Section 4
presents the empirical research and analyzes the spatial–temporal evolution characteristics using the
urban resilience results and discusses the factors influencing the GPUA. The last section summarizes
the study and discusses the research conclusions and policy recommendations.

2. Literature Review

The city has become the main carrier of human habitation. The need to improve the ability of
urban environments to resist unfavorable factors has caused this topic to emerge as a significant
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academic focus area. The current research on urban resilience has mainly concentrated in the following
five areas.

(1) Theoretical research of the resilience concept.
Holling [10] proposed the adaptive cycle theory. The cycle describes a method of how organizations

will go through a process of changes; Walker [11] proposed that resilience is a form of adaptation
and change that a complex social ecosystem stimulates to respond to stress and constraints. These
studies created a theoretical basis for later research. After reviewing the research progress exploring
the mechanism of resilience evolution, evaluation methods, and planning methods, Li [12] used
multidimensional dimensional resilience concepts, including social, economic, cultural, environmental,
and spatial concepts, to address the problems restricting the development of the urban economy and
society. Qiu [13] discussed the methods and principles of resilient city design based on the theory of
complex adaptive systems. The study proposed six elements of resilience (i.e., subjectivity, diversity,
autonomy, appropriate redundancy, slow variable management, and identification). These studies
have further developed the concept of urban resilience. Wilkinson [14] articulates four strategies for
resilience and the related enabling attributes that are intended to “evoke change, that survive change,
and that nurture sources for reorganization following change”. These strategies are: 1O To assume
change and uncertainty, 2O to nurture conditions for recovery and renewal after disturbance, 3O to
combine different types of knowledge for learning, and 4O to create opportunities for self-organization.
From the above analysis, it can be seen that the evolution of the viewpoint of resilience reflects the leap
in the academic understanding of the system’s operating mechanism, and paves the way for further
understanding of urban resilience.

(2) The application of urban resilience in urban planning and landscape design.
Jabareen [7] proposed the Resilience Urban Planning Framework (RCPF) to address the key issues

regarding actions future cities and their urban communities should take to achieve a more resilient
state. Xiu et al. [15] introduced the concept of a resilient city and constructed a three-dimensional
urban resilience research framework based on “scale–density–morphology” to evaluate the urban
resilience of Dalian, China. Rafael et al. [16] evaluated different urban resilience measures by exploring
the increase in urban green space and the application of white roofs using the Weather Research and
Forecasting model and the surface urban energy and water balance (WRF-SUEWS) modeling system.
Li et al. [17] conducted a resilience assessment of a single urban system, summarized the assessment
framework and assessment methods of urban infrastructure resilience, and compared the advantages
and disadvantages of each evaluation method. The concept of urban resilience has been applied from
the development of an urban planning framework to specific city assessments. However, research on
the applicability of urban resilience still needs to be further broadened.

(3) The construction of community resilience frameworks and management strategies.
Kammouh et al. [18] introduced two methods to calculate resilience, depending on data availability

and the complexity of the requirements. The first method requires inputting past disaster data; the
model then returns the performance function of each indicator and the entire community. The second
method is implemented using knowledge-based fuzzy modeling, allowing a quantitative assessment
of human metrics with descriptive knowledge rather than deterministic data. The approach applied
the community resilience indicator framework, which defines community resilience using seven
dimensions. Yoon et al. [19] used community factors (e.g., population) as an indicator of community
resilience to form an entire community’s resilience system. They measured the Korean community
using six indicators of human, social, economic, institutional, material, and environmental vulnerability
and carrying capacity. A city disaster resilience index (CDRI) was analyzed using ordinary least
squares regression and geographic weighted regression to determine the spatial characteristics of
CDRI and to assess the impact of community resilience on actual losses. Kim and Lim [20] considered
urban resilience as an important measure for adapting to climate change and proposed a conceptual
framework to analyze resilience in the context of climate change. In summary, these studies provided
a reference for the construction of the evaluation framework of urban resilience for this study. In terms
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of management strategy, Fan et al. [21] studied the typhoon disaster in Morakot, Taiwan as an example
to explore improvements in community resilience. They proposed that post-disaster governance
experts and the public can accurately assess the degree of typhoon disaster damage through different
cooperative interaction modes of post-disaster governance.

(4) The resilience of urban infrastructure networks and social networks.
Kim et al. [22] conducted a network topology and resilience analysis of the Korean power

grid. Zhao et al. [23] used a multi-layer network model to construct a conceptual framework for
city infrastructure (CI) interdependence. First, they assembled different types of interdependent
infrastructures using multi-layer network models to simulate urban interference with the network.
Then, they analyzed the resilience of the network and the dependencies between the different
infrastructure networks. Serre et al. [24] noted that it is increasingly difficult to identify possible failures
of complex networks and predict their impact on the urban environment. They proposed new methods
for selecting critical infrastructure networks to assess resilience levels [25]. A common feature of this
research field is to apply a network model to evaluate, simulate, and explore urban resilience. These
studies also provide examples of the use of interdisciplinary methods to describe urban resilience.

(5) Urban resilience recovery after urban disasters.
These studies address urban recovery after the impact of natural disasters, such as hurricanes and

earthquakes. Rus et al. [26] conducted a literature analysis and found that resilience levels after urban
disasters differ. Rus concluded that it is essential to develop sensible and strategic urban planning in
vulnerable areas (e.g., earthquake-prone areas). He proposed a new concept, consisting of three distinct
parts: 1O A probabilistic vulnerability analysis of each physical unit (i.e., a building or infrastructure
unit), 2O a comprehensive index method to measure community disaster resilience, and 3O a complex
network approach for assessing resilience (i.e., graph theory). Kuscahyadi et al. [27] spatially modeled
the disaster resilience by establishing baseline conditions. These were verified in urban and rural areas,
with significant differences found in the resilience between the two. Finally, assessing urban disaster
risk involves exploring different types of possible disaster risks in cities and proposes solutions and
strategies for improving urban resilience.

It can be seen that the topics covered by the urban resilience research system cover a wide range.
The innovative point of studying these urban issues from the perspective of urban resilience is not the
research topic itself, but the perspective of the problem and the method of implementing measures.
Table 1 summarizes the research direction of scholars in addressing the issue of resilience in the past.
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Table 1. The overview of urban resilience research.

Research Perspective Institution/Author
(Year) Analysis Conclusion

Ecological resilience Holling (1973) [5] Resilience is the ability of an ecosystem to absorb, change, and return to a stable state when subjected
to shocks and disturbances.

Gunderson
et al. (2002) [28] Proposes an ecosystem adaptation cycle model and an evolutionary dynamic mechanism model.

Engineering resilience Wildavsky (1988) [29] Resilience is defined as the ability of the system to rebound, adapt, and return to normal levels in the
event of an unexpected disaster.

Asprone et al.(2014) [30] The system is able to adapt and respond to events with fundamental damage.

Social resilience

Mileti (1999) [31] Resilience means that after a natural disaster in a certain place, it is not necessary to rely on a large
amount of external assistance to minimize damage and ensure basic productivity and quality of life.

Paton and
Johnston (2001) [32]

Treats resilience as a system’s ability to maintain its normal functioning and cope with challenges and
changes in the face of external disturbances.

Pelling (2003) [33] Resilience is the ability of an object to handle or adapt to dangerous stress.

UNISDR (2005) [34] Resilience is a system’s ability to resist, absorb, adapt to, and recover from its effects in a timely and
effective manner, including protecting and restoring its necessary infrastructure and functions.

Cutter et al. (2008) [35] Resilience is the ability of a social system to respond to and recover from disasters, including the
system’s absorption of impacts and response to disaster events and post-event adaptation processes.

Brown et al. (2012) [36] Resilience emphasizes the city’s ability to block and withstand disasters and the ability of cities to
recover and reorganize to achieve the lowest levels of catastrophic losses.

Economic resilience
Wardekker et al. (2013) [37] A system can respond quickly to disturbances through its own characteristics and measures to reduce

damage and to quickly adapt to interference and obtain recovery.

Wamsler
et al. (2013) [38]

Proposes that resilient cities should have four characteristics: To reduce current and future hazards, to
reduce sensitivity to disasters, to establish disaster response mechanisms and structures, and to

establish post-disaster recovery mechanisms and structures.

Wink (2014) [39] Economic resilience is expressed as the ability to avoid, resist, or adapt to crises and to respond to
negative shocks and adverse conditions.

Urban resilience

Lhomme
et al. (2013) [40] Resilience is the ability of a city to absorb and recover from disasters.

American Rockefeller Foundation
(2013) [41]

Urban resilience index, which includes four dimensions: Health and welfare, economic and social,
infrastructure and ecosystem, and leadership and strategy.

Suárez et al. (2016) [42] Diversity, modularity, tight feedback, social cohesion, and innovation are the five most important
factors affecting urban resilience and serve as evaluation criteria.
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Table 1 traces the perspectives of the resilience studies. Resilience research is mainly distributed
in five aspects. Early ecological resilience and engineering resilience research laid the foundation for
resilience theory. Social resilience, urban resilience, and economic resilience are more targeted research
from the perspective of resilience. They are specific applications of resilience theory. Meanwhile,
resilience theory also has specific definitions from different perspectives.

In addition, in terms of urban resilience research, it is notable that traditional urban resilience
assessment frameworks rarely develop indicators to measure the urban resilience of non-specific
risks. These frameworks often emphasize resilience to single disturbances, such as natural disasters
(e.g., earthquakes and floods). They do not capture the importance of complex factors, and do not
address the multidimensional nature of urban resilience. In addition, existing resilience assessment
indicators have focused on a single part of the urban system (e.g., infrastructure resilience) or a
single city.

Cities are not only composed of infrastructure, but also economic, social, ecological, and other
aspects. These are important components of urban resilience. However, there has been less investigation
of the comprehensive resilience of many aspects of the city, especially from the perspective of urban
agglomerations. In addition, there has been a lack of research on the temporal and spatial evolution of
urban resilience to explore the changes in evolutionary laws during the past period. Therefore, using
the GPUA as a case study, this study comprehensively evaluated the urban comprehensive resilience
and explored the temporal and spatial evolution characteristics and the influencing factors. This study
also provides policy recommendations and case studies to support urbanization in underdeveloped
regions, especially for urban agglomerations.

3. Methods and Data

3.1. The Construction of an Urban Resilience Index System

Urban development plays an important role in promoting urban resilience. Meanwhile, enhancing
urban resilience can effectively improve the development of cities and reduce a city’s inherent
vulnerability, enhancing the city’s ability to resist risks and disasters. Before evaluating urban resilience,
an effective evaluation system and guidelines must be established to measure urban resilience. To
address this, the 100 Global Resilient Cities project, launched by the Rockefeller Foundation in the
United States, proposed an urban resilience index [41]. This index system includes four dimensions:
Health and welfare, economics and society, infrastructure and ecosystems, and leadership and strategy.
Gonalves et al. [43] proposed an urban resilience assessment matrix based on previous studies. The
matrix consists of five dimensions: Economic basis, population, urbanization process, social cohesion,
and human capital. Suárez et al. [42] argued that diversity, modularity, tight feedback, social cohesion,
and innovation are the five most important factors influencing urban resilience and should serve as
evaluation criteria. In assessing the resilience of Xiamen City, Noah [44] selected 30 indicators to
form an evaluation system that addresses six aspects: Economy, society, environment, community,
infrastructure, and organization. When constructing an urban resilience evaluation system, each study
has had its own focus; however, the urban system components of economy, ecology, social organization,
and infrastructure have been consistently recognized as the essential dimensions.

To comprehensively reflect the development and evolution of resilient cities, after considering the
historical literature methods and research objectives, this study divided the urban resilience evaluation
index system into four perspectives: Ecological environment, economic level, social environment, and
infrastructure services [45,46]. Using both systemic and scientific principles, we used the composite
index method to design three levels: The target layer, criterion layer, and indicator layer. A total of 15
sub-evaluation indicators were included to construct the urban resilience comprehensive evaluation
index system for the GPUA (see Table 2). In particular, due to the synchronicity of the climate conditions
in the research cities, we did not select indicators such as air quality level. This makes it possible for the
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evaluation system to be used to evaluate the resilience level of man-made cities without considering
climate conditions.

The process of selecting indicators is shown in Figure 1.
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(1) Urban ecological environment resilience. Human activities make human environmental
conflicts a core problem restricting human survival [47]. Eco-environmental resilience construction is
an important path to narrowing this conflict. This is reflected in the risks posed to ecosystem stability
when faced with an overload, such as the reduction of urban green space landscapes and excessive
pollutants. Hence, this layer included three representative indicators to measure the resilience of
the urban ecological environment: Green coverage rate, per capita park green area, and per capita
wastewater discharge in the built-up area.

(2) Urban economic level resilience. Wink [39] realized the importance of combining resilience
and the economy after reviewing research methods related to resilience, and perfected the concept of
economic resilience. Economic resilience refers to continued functioning in the defense and resolution
of a crisis and responding to an economic depression. Roberto [48] distinguished between economic
resilience inside and outside the city. Exogenous regional economic resilience represents the ability
to externally impact and maintain regional development paths. Endogenous economic resilience
describes the internal development process. High levels of economic development must be achieved
to ensure the reliability and adaptability of different highly resilient urban systems. Hence, from
the perspective of urban financial level and the degree of resident wealth, we selected four typical
economic indicators: Per capita GDP, fiscal revenue, actual use of foreign capital, and the per capita
year-end balance of urban and rural residents’ savings.

(3) Urban social environment resilience. As an important aspect of the urban social development
level, the urban social environment resilience was represented using three indicators: The proportion
of non-agricultural employment personnel, the number of students in regular colleges and universities,
and the number of hospital beds per 1000 people. Accordingly, the three indicators above were used
to measure the level of urbanization, the potential human capital of cities, and the basic innovation
ability and emergency medical service level.

(4) Urban infrastructure resilience. A city is a complex system composed of natural systems, social
systems, and structural systems. Each system itself is important; however, most urban systems are
highly dependent on functional infrastructure to successfully operate [49,50]. The service capacity
indicators of major infrastructure were used to measure urban infrastructure resilience. These indicators
included: The per capita road area, per capita urban gas supply, quantity of buses per 10,000 people, per
capita drainage pipe length, and the proportion of international Internet users. These five indicators
are important tools to ensure the normal operation of an urban system. Urban agglomerations face
significant pressures on water, electricity, and road networks, and face fragility due to accidental
impacts. As such, an ideal level of urban infrastructure services is important in forming and developing
highly resilient systems.
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Table 2. The urban index system for resilience evaluation.

Target Layer Criteria Layer Indicator Layer Code Indicator Meaning and Attribute

Urban resilience

Urban ecological environment
resilience

Green coverage rate in built-up areas (%) A1 Reflects the habitability of urban environment (+)
Per capita park green area (m2) A2 Reflects the level of urban ecological vitality (+)

Per capita wastewater discharge (tons) A3 Reflects the impact of pollution on the environment (-)

Urban economic level resilience

Per capita GDP (yuan) A4 Macroeconomic basis reflecting the ability of the
economic system to respond (+)

Financial revenue (ten thousand yuan) A5 Reflects the ability of local governments to perform
public service functions (+)

The actual amount of foreign investment
used in the year (10,000 USD) A6 Reflects the contribution of foreign capital utilization to

economic growth (+)
Per capita year-end balance of urban and

rural resident savings (ten thousand yuan) A7 Reflects resident living standards (+)

Urban social environment
resilience

Non-agricultural employment ratio (%) A8 Reflects the level of urban social development (+)
Number of students in regular colleges and

universities (person) A9 Reflects the city’s ability to innovate (+)

Number of hospital beds per 1000 people A10 Reflects the level of urban emergency medical care (+)

Urban infrastructure resilience

Per capita road area (m2) A11 Reflects urban traffic accessibility (+)
Per capita gas supply (1000 cubic meters) A12 Reflects level of living security for residents (+)
Bus number per 10,000 people (vehicles) A13 Reflects the comfort of the urban transport system (+)

Per capita drainage pipe length (m) A14 Reflects the resilience of urban sewage systems (+)
Proportion of international Internet users (%) A15 Reflects the level of urban social system connectivity (+)

Note: The attribute of the indicator is “(+)”, which is expressed as a positive indicator. The larger the value of the indicator is, the better the resilience level. The “(-)” indicates a negative
indicator. The smaller the indicator is, the better the resilience level.
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3.2. Research Method

3.2.1. Extreme Entropy Method

There are differences in the dimensions and there are inconsistencies between the evaluation
system indicators. To eliminate the impact of these differences, the indicators needed to undergo
nondimensionalization processing. The data standardization methods included the extreme value
method, z-score standardization method, and vector normalization method. This study applied
the most widely used extreme value method in data standardization processing [51]. To avoid the
subjectivity of artificially determining the index weight, this study adopted the optimal improved
entropy method. That is the extreme entropy method [52], which involves the following steps:

1. Establishing the matrix based on raw indicator data.
There are n cities and m evaluation indicators. In this study, there are 16 cities and 15 evaluation

indicators, i.e., the value of n is 16, and the value of m is 15. Together, they constitute the data matrix of
the raw indicators:

A =
{
Ai j

}
n∗m

(i = 1, 2, . . . , n; j = 1, 2, . . . , m), (1)

where Aij is the raw indicator value of the jth evaluation index of the ith city.
2. The standardization of extreme values.
Since the measurement units of various indexes are not uniform, we should first standardize them

before using them to calculate comprehensive indexes. That is, we should convert the absolute values
of indexes into relative values to solve the problem of homogenization of different qualitative indexes.
Moreover, since the values of positive and negative indicators have different meanings (e.g., the higher
the value of positive indicators, the better; the lower the value of negative indicators, the better), we use
different algorithms to standardize the high and low indicators. The specific methods are as follows:

The A j is the value of the jth evaluation indicator. If the jth evaluation indicator is a positive
indicator, then:

A∗i j =
Ai j −min

(
A j

)
max

(
A j

)
−min

(
A j

) . (2)

If the evaluation index A j is a negative indicator, then:

A∗i j =
max

(
A j

)
−Ai j

max
(
A j

)
−min

(
A j

) , (3)

where A∗i j(i = 1, 2, . . . , n; j = 1, 2, . . . , m) is the standardized value of the jth evaluation index of the ith

city, max
(
A j

)
is the maximum value of the jth evaluation indicator, and min

(
A j

)
is the minimum value

of the jth evaluation indicator.
3. Determination of indicator weight.
(1) The proportion of the ith city to the index under the jth indicator (Pi j) is calculated by

Pi j =
A∗i j∑n

i=1 A∗i j
. (4)

(2) The entropy of the jth indicator (e j) is calculated as:

e j = −k
∑n

i=1
Pi j ln

(
Pi j

)
where k = 1/ ln(n) > 0.e j≥0; (5)

It can be known from Formula (4) that for a given j, the smaller the difference of Aij, the larger
the e j. When Ai j is all equal, e j = emax = 1, then the index Ai j has no effect on the comparison of the



Sustainability 2020, 12, 2593 10 of 24

evaluated objects; when the difference between Ai j is larger, e j is smaller. The index A j has a greater
comparison effect between the evaluated objects.

(3) The difference coefficient of the jth indicator (g j) is calculated as:

g j = 1− e j. (6)

The larger the value of g j, the more important this indicator is in the comprehensive evaluation
index system.

(4) The weight of the jth indicator (WJ) is calculated as:

WJ =
g j∑m

j=1 g j
( j = 1, 2, . . . , m). (7)

4. Comprehensive evaluation of urban resilience.
After the standard values and index weights were derived using Equations (1)–(7), the final results

were calculated using the following formula:

SI =
∑m

j=1
WJA∗i j(i = 1, 2, . . . , n). (8)

3.2.2. Grey Correlation Analysis

Different evaluation indicators have different effects on the comprehensive evaluation value. As
such, the main influencing factors have a guiding and key role in resolving any contradictions. There is
a need to quantitatively measure the relationship between urban resilience and evaluation indicators,
as well as to find out the main factors affecting urban resilience. The grey correlation analysis method
is a quantitative method to describe and compare the system’s development and change. The grey
correlation analysis method makes up for the disadvantages caused by using a mathematical statistics
analysis method. It is applicable no matter how many samples systems have or whether the samples
have rules. The method conveniently displays the correlation of related factors [53], helping us to
identify the highly correlated indicators in the urban resilience evaluation system. This method
identified the main impact indicators, strengthening the regulation and control of relevant variables.
The method also identified indicators with less relevance, allowing for the verification of the fit of
the indicator system and the rational allocation of urban planning and construction resources. To
optimize the efficiency of resilience construction, the grey correlation analysis method was used to
quantitatively measure the relationship between urban resilience and evaluation indicators. This led to
the identification of the main influencing factors of urban resilience.

The basic idea of grey correlation analysis is to evaluate the closeness between the reference and
comparison sequences based on the similarity degree of the curve geometries. The more similar the
curves are, the greater the correlation degree of corresponding sequences is. The reference sequence
must be determined before correlation analysis. In this study, when we study a city, the dependent
variable composes the reference sequence x0, which is selected from SI. The independent variables
compose the comparison sequences xi, which are selected from Ai j. Each sequence consists of values
at different times. Taking x0, for example, the value at the first point in time is called x0(1), the value at
the second point in time is called x0(2), and the value at the kth point in time is x0(k). Hence, x0 can
be expressed as x0 =

{
x0(1), x0(2), . . . , x0(k)

}
. Similarly, comparison sequence xi can be expressed as

xi =
{
xi(1), xi(2), . . . , xi(k)

}
, i = 1, 2, . . . , m. For the convenience of expression, in the formulas (9)–(11),

x0 and xi are collectively expressed as xi,
{
xi(1), xi(2), . . . , xi(n)

}
, i = 0, 1, 2, . . . , m; k = 1, 2, . . . , n (m is

the number of indicators and n is the number of time series). In this study, the value of m is 15 and
the value of n is 8 because there are 15 evaluation indicators over 8 years. The calculation steps are
as follows:
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1. Dimensionless data using the mean method.
All of the data of a sequence were removed by the average value of the sequence, resulting in a

new sequence.
(1) The original series was set as:

xi =
{
xi(1), xi(2), . . . , xi(k)

}
, i = 0, 1, 2, . . . , m; k = 1, 2, . . . , n. (9)

(2) The average series was calculated as:

xi =
∑n

k=1

xi(k)
n

, (10)

where xi represents the mean of the pure sequence of numbers, which is convenient for statistics
and calculation.

(3) The series yi was calculated as:

yi =
{
yi(1), yi(2), . . . , yi(n)

}
=

{
xi(1)

xi
,

xi(2)
xi

, . . .
xi(n)

xi

}
. (11)

2. Difference sequence.

∆0i(k) =
∣∣∣y0(k) − yi(k)

∣∣∣, ∆i =
{
∆i(1), ∆i(2), . . .∆i(n)

}
, i = 1, 2, . . .m (12)

The variable ∆0i(k) represents the new sequence after the differential order.
∣∣∣y0(k) − yi(k)

∣∣∣
represents the difference between the absolute value of the reference variable and the comparison
variable at the point k after removing the dimension.

3. The maximum difference and the minimum difference between the two poles were identified
as follows:

∆max = maximaxk∆0i(k), ∆min = minimink∆0i(k), (13)

where the ∆max represents the maximum difference and ∆min represents the minimum difference.
4. The correlation coefficient, represented by ξ0i(k), was then calculated as:

ξ0i(k) =
(∆min + ρ∆max)

(∆0i(k) + ρ∆max)
,ρ ∈ (0, 1)i = 1, 2, . . .m; k = 1, 2, . . . n, (14)

where the value range of the resolution coefficient ρ is (0,1); ρ was assigned the usual value of 0.5 [52].
5. The relevance of an indicator was represented by γ0i.
The correlation coefficients were grouped into one value. In other words, the average value was

obtained as the quantitative representation of the degree of correlation between the comparison series
and the reference number column. The formula calculating the degree of correlation was:

γ0i =
∑m

i=1

ξ0i(k)
n

, i = 1, 2, . . .m, m ≤ 15. (15)

The bigger the correlation degree is, the closer the comparison sequence and the reference
sequence are. The bigger the correlation degree is, the stronger the correlation between indicators and
urban resilience.

3.3. Data Sources

This study used the 16 cities in the GPUA as the case study. Based on data availability, the scope
of the study included the administrative regions of each city. Each indicator value was derived from
the Statistical Yearbooks of Shaanxi Province (2010–2017), Gansu Province (2010–2017), and Shanxi
Province (2010–2017), as well as the China City Statistical Yearbook (2010–2017). Due to the lack of
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statistical data in individual years, there were eight missing data; we applied the average annual
growth rate to interpolate the missing data.

4. Results and Discussion

4.1. Research Area

As China has advanced urbanization and its “Silk Road Economic Belt and the 21st-Century
Maritime Silk Road” initiative, the Guanzhong region (see Figure 2) has played a core leading role
in the development of Northwest China. Strategic support for the development of west China has
continued to be further strengthened and developed. The “GPUA Development Plan” was issued by
the National Development and Reform Commission of China in 2018. It established Xi’an as the core
city and included other 15 cities. Table 3 presents the details of GPUA.
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Table 3. Urban distribution of the research area.

Province Shanxi Shaanxi Gansu

City Linfen
Yuncheng

Weinan Shangluo
Yan’an

Xi’an Tongchuan
Hanzhoung

Baoji Xianyang
Ankang

Dingxi Pingliang
Longnan

Tianshui Qingyang

Region Eastern Central Western

4.2. Calculation Results of Urban Resilience

The weights of the urban resilience evaluation indexes were calculated using the formulas (1)–(7).
Comprehensive evaluation values of urban resilience in each year for each city were calculated using a
weighted synthesis (see Table 4). The overall evaluation values and the mean values of urban resilience
for all cities and in different regions (Eastern, Central, and Western parts of the GPUA) were calculated
to observe the regional linear changes of urban resilience in urban agglomerations (see Figures 3 and 4,
respectively). This led to the identification of the dynamic evolution characteristics of urban resilience
in all cities and different regions from 2009 to 2016 (see Figure 4).
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Table 4. Comprehensive evaluation of urban resilience of the Guanzhong plain urban agglomeration
(GPUA) in 2009–2016.

City

Year

2009 2010 2011 2012 2013 2014 2015 2016

Xi’an 0.854 0.843 0.878 0.888 0.894 0.926 0.912 0.896
Tongchuan 0.275 0.291 0.316 0.305 0.336 0.337 0.322 0.298

Baoji 0.318 0.314 0.396 0.380 0.395 0.392 0.361 0.359
Xianyang 0.375 0.326 0.377 0.380 0.379 0.401 0.352 0.355
Weinan 0.251 0.275 0.338 0.296 0.282 0.278 0.247 0.248
Yan’an 0.354 0.334 0.339 0.336 0.370 0.394 0.347 0.297

Hanzhoung 0.306 0.350 0.306 0.307 0.325 0.333 0.311 0.308
Ankang 0.252 0.259 0.293 0.302 0.329 0.340 0.344 0.320

Shangluo 0.175 0.221 0.282 0.227 0.257 0.248 0.227 0.193
Yuncheng 0.288 0.235 0.299 0.288 0.330 0.317 0.276 0.278

Linfen 0.367 0.342 0.346 0.288 0.289 0.286 0.273 0.247
Dingxi 0.160 0.190 0.239 0.210 0.249 0.257 0.271 0.262

Tianshui 0.222 0.212 0.221 0.238 0.209 0.245 0.242 0.258
Pingliang 0.226 0.226 0.229 0.251 0.202 0.270 0.211 0.287
Qingyang 0.274 0.261 0.292 0.302 0.295 0.322 0.278 0.290
Longnan 0.083 0.080 0.080 0.155 0.071 0.076 0.076 0.104

Full regional
average 0.299 0.297 0.327 0.322 0.326 0.339 0.316 0.313

Eastern Regions 0.287 0.282 0.321 0.287 0.306 0.305 0.274 0.253
Central Regions 0.397 0.397 0.428 0.427 0.443 0.455 0.434 0.423
Western Regions 0.193 0.194 0.212 0.231 0.205 0.234 0.215 0.240
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To distinguish the extent of the evaluation values after the quantitative calculations, we needed
to conduct a classification analysis to establish the division interval. However, past research has not
identified exact rules for the classification method. The commonly used classification methods include
the Jenks classification method, equidistant classification method, and self-defined spacing classification
method [54,55]. Each method has its own characteristics and applicable conditions. Su et al. [56]
and Yang et al. [57] used the equal interval classification method to study urban economic resilience,
dividing the comprehensive evaluation value into five grades, ranging from 0–1. Zhang et al. [45] used
the self-defined spatial classification method to study urban resilience. Fang et al. [58] used Jenks
classification to classify the calculated urban vulnerability into five levels.

Determining the level of regional urban resilience is a relative concept. To comprehensively
evaluate and classify the level, we analyzed the differences in the urban resilience levels using a regional
distribution pattern. This ensured the objectivity of the analysis results. The Jenks classification method
is suitable for non-uniform attribute value classification, and considers the mathematical characteristics
of the resilience evaluation value of a regional city obtained by mathematical statistics. Therefore,
this study adopted the natural breakpoint classification method using the spatial analysis method
of ArcGIS. Based on the mathematical statistics of the natural turning point characteristics of the
regional cities’ comprehensive evaluation values, the regional urban resilience level was divided into
five grades: Lower resilience, low resilience, medium resilience, high resilience, and higher resilience
(see Table 5).

Table 5. Urban resilience classification.

Grades of
Urban

Resilience

Grade I Grade II Grade III Grade IV Grade V

Lower
Resilience

Low
Resilience

Moderate
Resilience

High
Resilience

Higher
Resilience

Comprehensive
Evaluation

Value of Urban
Resilience

<0.160 0.160–0.265 0.265–0.326 0.326–0.401 >0.401
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Referring to Figure 3, the comprehensive urban resilience of the GPUA (i.e., the sum of the
resilience of all the cities) increased from 4.78 to 5.00 from 2009 to 2016. This represents an overall
upward trend. The overall level of urban resilience development was positive, with some fluctuation.
Figure 3 shows that the research period can be divided into three development stages. The first stage
was from 2009 to 2011. After the global financial crisis in 2008, the GPUA had a low starting point of
resilience and was in a stable growth stage. In the second stage, from 2012 to 2014, urban resilience
grew rapidly, but there was also significant volatility. The third stage was from 2015–2016, which
showed an overall stable trend, moving slightly downward.

It is generally believed that a higher urban resilience aligns with a stronger operational ability to
cope with uncertain disturbances. A lower resilience level is generally associated with a less stable
ability to maintain the social public order and economic development. From the perspective of specific
cities (refer to Table 4), the urban resilience of the GPUA mostly showed different degrees of upward
trends in 2009–2016. Facing the external environmental changes and the development of urban internal
risks, cities can actively resolve the conflicts and enhance urban resilience.

The specific analysis is as follows:
(1) In 2009–2011, there were two higher-resilient cities in the GPUA and two cities with moderate

resilience. This stage covered the period of the successful completion of China’s 11th Five-Year Plan.
There were significant economic and social development achievements, and urban resilience improved
significantly. Of the GPUA cities, Baoji City and Weinan City experienced a significant economic
recovery after the financial crisis and entered a higher-resilience urban sequence. The economic
resilience of Baoji City significantly improved, with a more than 40% increase in the per capita GDP.
The value of the actual use of foreign capital also increased, providing support and motivation for
the city’s overall resilience. As a result of a national ecological demonstration city assessment, a
new sewage treatment plant and other urban infrastructure smoothly entered the delivery and use
stage. The above measures for Baoji City improved its ecological environment. The comprehensive
strength of Weinan City was significantly enhanced. The construction of new industrialization and
urbanization was initially effective, with a rapid increase in regional competitiveness. The city’s GDP
exceeded 80 billion yuan. However, the economic aggregate was small and the industrial structure
was not reasonable. There are still many difficulties in transforming the development mode and
promoting energy conservation and emission reduction tasks. These became bottlenecks for the further
development of urban resilience.

The urban resilience levels of Shangluo City and Ankang City rose to a moderate level during this
stage. These two cities are located in the mountainous area of southwestern Shaanxi. Primary industry
accounts for a large proportion of productivity, making resource constraints and environmental
pressures very large. Despite this, some progress was made to improve urban resilience. Shangluo City
actively attracted investments and expanded by opening up efforts to introduce foreign investment
companies. However, the instability of foreign investment in the future will leave hidden dangers for
the decline in economic resilience. The non-public economy continued to grow, the city’s economic
vitality and the ability to face risks strengthened, and the smooth establishment of a provincial garden
city and provincial health city reflected progress that improved social environment resilience.

The market economy vitality of Ankang City also improved, with state-owned enterprise reforms
achieving significant results. The development case of the “Ankang Model” has been advanced
and learned by other provinces and cities. In terms of infrastructure, Ankang connected the city’s
natural gas pipeline and started a gas pipeline project connecting the provincial capital. The number
of students in higher education institutions increased, and the introduction and implementation of
talent policies alleviated talent shortages in the region. These activities improved Ankang’s urban
infrastructure resilience and social environmental resilience.

(2) In the second stage, from 2012–2014, of the 16 cities in GPUA, seven cities improved their
urban resilience, five cities rebounded after their resilience values decreased, three cities failed to
maintain their maximum levels after an increase in their resilience values, and one city continued to
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decline. In summary, the overall growth situation remained positive, with a certain level of volatility. In
2012, Dingxi City suffered from natural disasters caused by extremely large hailstones and mudslides.
Communication, roads, and medical facilities were damaged to varying degrees, causing the previously
lower resilience of Dingxi city to further decline. The floods killed 47 people and damaged 120 km of
roads. Some roads in the urban area had water, silt, and roadbeds that collapsed. Communication and
medical facilities were damaged to varying degrees, causing the previously lower resilience of Dingxi
city to further decline. The flood disaster tested the threshold of urban disaster resistance and exposed
the low-standard problems of flood prevention and drainage planning in the early stage of urban
construction. The economic loss, infrastructure damage, and social impact caused by the disaster
lowered the economic resilience evaluation index and infrastructure resilience evaluation index. After
the disaster, the city learned from the past disasters to increase the buffer space of the city when facing
a disaster that crosses the threshold. This remedy improved urban resilience. In fact, its resilience
improved after industrial restructuring and new urban planning was approved.

Pingliang is a famous resource-dependent city with a low industrial development level and poor
ability to cope with market changes. Furthermore, frequently occurring natural disasters have lowered
the resilience level of the urban ecological environment. During this stage, Pingliang experienced a
volatile city resilience level. As the economy depends on natural resources, fluctuations in the resource
market will have an unstable effect on the urban economy. The economic diversification of cities is weak,
reflecting the poor rationality of the economic structure. Economic stability, pluralism, innovation
ability, and system vitality are the components of economic resilience. Single-resource dependence
and the backwardness of other industrial structures have a negative impact on the improvement of
economic resilience. The overall industrial layout was ineffective, the industrial level was low, and the
total volume was small. This was particularly affected by the decline of the coal and electricity trade
market, leading to a decline in the economic development benefits and a decline in the growth rate.
The city did not perform well in terms of economic resilience.

Under the influence of the continued sluggish market demand, Weinan’s industrial profits and
taxes fell by 8.2% in 2013, and profits fell by 23.3%. In 2014, profits and taxes further fell by 35.9%,
and profits fell by 73.1%. The amount of foreign capital fell by 60%, and fiscal expenditure was far
greater than the fiscal revenue. Local debt increased. The amount of industrial wastewater discharge
increased yearly from 2012 to 2015. Affected by the dual impact of declining economic resilience and
low infrastructure resilience, the overall resilience of Weinan has declined since 2013.

(3) During the third stage, 2015–2016, the overall situation stabilized. Due to downward pressure
on the economy, the resilience of some resource-dependent cities significantly declined. At the same
time, each city’s fiscal revenue was affected by the full implementation of the “replace the business tax
with a value-added tax” policy and local income system adjustments. This exerted pressure on the
city’s economic resilience. Examples of cities where this occurred included Yuncheng City and Linfen
City in the eastern GPUA, in Shanxi Province. This region includes resource-based economic cities,
and the main economic bodies depend on coal and other energy industries. The long-term extensive
development model makes it difficult for "coal alone" cities when they encounter difficulties in the
energy industry. The fiscal revenue and per capita GDP of the two cities experienced a substantial
decline. At the same time, due to the difficulty of industrial transformation, the economic development
became excessively dependent on a single-pillar industry, the economic support force was unstable,
and the resilience level of the cities was significantly reduced.

Shangluo City’s use of foreign capital increased and urban resilience improved from 2009 to 2012.
Due to the downward pressure of the domestic economy since 2013, the amount of foreign capital
has fallen sharply. In 2016, foreign-, Hong Kong-, Macao-, and Taiwan-invested enterprises fell by
88.9% compared with the previous years, and due to the national "business tax to value-added tax"
policy, fiscal revenue decreased. The impact of the Shangluo economy on resilience fluctuates greatly.
Therefore, the urban resilience of these cities has declined after rising.



Sustainability 2020, 12, 2593 17 of 24

4.3. Spatial–Temporal Evolution of Urban Resilience in the GPUA

To further explore the resilience characteristics and the stage-specific development in the different
resilience levels of GPUA cities, ArcGIS was used to analyze the temporal and spatial evolution of
urban resilience levels in the GPUA from 2009 to 2016 (see Figure 5).
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Figure 5 shows that the high-resilience cities were mainly concentrated in the central and eastern
regions of the GPUA in 2009, 2011, 2013, and 2015. The best overall description is that resiliency was
“high in the middle, low in the two sides, and east is better than the west.” The central cities had a
higher resilience level, and the urban resilience in the eastern and western regions was relatively low.
However, the resilience in the east was higher than in the west. More specifically, Xi’an City has always
been at the core of the GPUA. It is geographically located at the core of the central part of the GPUA. The
surrounding cities have been in a catch-up posture, but the overall level has not significantly changed.
Reduced resiliency levels are positively correlated with terrain flatness and traffic accessibility. This
also closely relates to the level of regional economic development. The economy in the central and
eastern regions of the GPUA is more developed than in the west. The industrial structure and the
urban infrastructure are better than in the west.

In the central and eastern parts of the GPUA, social resources are abundant, and the medical
systems and the cities are fully functional. In the case of a man-made or natural disaster, the central
and eastern regions can quickly respond and bear the high cost of urban development recovery [46].
However, due to the ineffective industrial structures of some cities in the eastern region of the GPUA,
most of them have relied on traditional raw material production and the primary industrial product
manufacturing industry. This has led to a clear low-resilience environment. In pursuing rapid
economic development, the quality of the urban ecological environment has not been comprehensively
considered. As such, the environmental carrying capacity has gradually declined. This is an important
reason for why the eastern cities’ resilience levels have fluctuated after 2013.
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The central region is the most resilient region of the GPUA, with a continuously consolidated and
improved urban resilience level. However, only Xi’an was selected as a high-resilience city. First, as a
provincial capital city, it is at the core of the province in politics, economy, and culture. Second, based
on the geographical area, Xi’an is in the center of the Guanzhong Plain, which is the core city of the
urban agglomeration. Xi’an is the national central city. The location and transportation advantages are
very significant, with railway, aviation, and highway hubs that have clear effects. The urban population
continues to grow in number and density, with many colleges and universities.

This location also represents the starting point of the new era of the “Silk Road” with high
resilience growth potential. In 2011, the 41st International Horticultural Exposition was successfully
held in the ancient city of Xi’an, enabling the integration of social economy and other factors. In the first
stage of the study period, the overall trend of urban resilience evaluation was at a steadily rising level.
This shows that high-level activities reflect the comprehensive strength of the city. It also demonstrates
that a city’s resiliency can be improved in stages. Xi’an will hold the 14th National Games in 2021,
which may create another opportunity to build urban resilience. Xianyang City and Baoji City are
adjacent to Xi’an City. They have clear location advantages and are greatly influenced by Xi’an City.
They have shown a trend of growth and stable improvements in urban resilience.

The introduction of the integration of Xi’an and Xianyang is expected to advance Xianyang
to become the city with the second-highest resilience level. Other cities are also loosely connected,
resulting in a weak agglomeration effect of social and economic factors, but with insufficient resilience
created from this self-construction. This development trend is consistent with the overall situation of
the GPUA, but has occurred at a relatively slow pace.

The urban resilience in the western region of the GPUA was relatively low, with an absolute value
that is essentially below 0.3. This is mainly due to the weak economic foundation of the western region
and the influence of many factors, such as nature and social history. The level of urban development
lagged behind compared to other regions. When natural or man-made disasters have occurred,
scientific and reasonable emergency measures have not been implemented. The region is also not able
to achieve rapid self-repair and self-improvement.

In this region, Qingyang City has had good economic development due to abundant resources,
such as oil and gas. Its urban resilience has continuously improved. Pingliang, Longnan, and other
cities showed steady growth; however, the overall level remained low. The western region has
maintained an overall wave-like trend, which is projected to continue into the future. As the overall
urban economy has steadily risen, the urban spatial structure continued to be optimized; the industrial
structure transformation and upgrading continued to strengthen, and the high-energy industry was
fully adjusted and controlled. Continuous optimization, enhanced synergy, and linkages with urban
development should promote urban self-recovery capacity in the GPUA.

4.4. Influencing Factors Analysis of Urban Resilience

By sorting the total urban resilience evaluation value of each city in the GPUA over the past eight
years, we found that Xi’an is in the first place, Linfen is in the middle, and Longnan is in the bottom.
Therefore, Xi’an City, Linfen City, and Longnan City were selected as the representative cities with
high, moderate, and low urban resilience and of the central, eastern, and western parts of the urban
agglomeration. Based on the grey correlation analysis calculation formula, the data of the three cities
are taken as samples. First, the influencing factors are investigated and sorted in combination with
the aforementioned urban resilience measurement level. Second, the main factors are found among
the indicators with different levels of influence. The comprehensive correlation values between the
resilience evaluation values of the three cities of Xi’an, Linfen, and Longnan and the 15 sub-indicators
in the evaluation system were calculated and ranked in descending order (see Table 6). In Table 6, the
Xi’an Sort represents the ranking of the correlation degree between resilience indicators and its value
in resilience in descending order. Indicator code represents the code of each indicator, and correlation
represents the correlation degree between indicators and urban resilience.
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Table 6. Correlation between urban resilience and evaluation indicators in three cities.

Xi’an
Sort

Indicator
Code Correlation Linfen

Sort
Indicator

Code Correlation Longnan
Sort

Indicator
Code Correlation

1 A1 0.7674 1 A10 0.7465 1 A6 0.7815
2 A13 0.7622 2 A9 0.7402 2 A9 0.7048
3 A8 0.7215 3 A11 0.7220 3 A14 0.6739
4 A9 0.6026 4 A8 0.7180 4 A10 0.6589
5 A3 0.5724 5 A1 0.7154 5 A8 0.6217
6 A10 0.5662 6 A13 0.7151 6 A1 0.6149
7 A14 0.5547 7 A6 0.6735 7 A11 0.6003
8 A12 0.5437 8 A14 0.6698 8 A4 0.5851
9 A4 0.5364 9 A5 0.6586 9 A7 0.5620

10 A11 0.5313 10 A3 0.6389 10 A15 0.5519
11 A7 0.5313 11 A4 0.6211 11 A3 0.5477
12 A15 0.5286 12 A7 0.6174 12 A2 0.5217
13 A2 0.5252 13 A12 0.6080 13 A13 0.5212
14 A6 0.5190 14 A2 0.5896 14 A5 0.5208
15 A5 0.5173 15 A15 0.5666 15 A12 0.5003

Figure 6 shows that the correlation between the evaluation indicators and urban resilience
differs in different regions; however, they do exhibit certain commonalities. Table 7 analyzes the five
indicators with the highest correlation with the resilience level of each city, as well as the categories of
the indicators.
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Table 7. Correlation between urban resilience and evaluation indicators in three cities.

City Xi’an Linfen Longnan

Important indicators A1 A13 A8 A9 A3 A10 A9 A11 A8 A1 A6 A9 A14 A10 A8

Main category Urban social
environment resilience

Urban social
environment resilience

Urban infrastructure
resilience

City category High resilient city Moderate resilient city Low resilient city

The analysis results of the three representative cities indicate that social environmental resilience
indicators and infrastructure resilience indicators were ahead of other factors in contributing to
resilience levels. The main factors influencing the GPUA included urban infrastructure service level
and social environmental carrying capacity. Improving urban infrastructure construction and social
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environment optimization played a key role in improving the resilience of the GPUA cities. In addition,
the number of students in regular colleges and universities, the financial revenue, and the amount
of foreign investment used positively impacted improvements in urban resilience. The economic
resilience indicators showed that the local government’s ability to support urban development and
self-storage, social and technological resilience, and the level of scientific and technological education
and innovation significantly impacted a city’s resilience. These factors were the driving force of urban
infrastructure construction. Outside funding also positively affected urban industrial innovation and
urban vitality.

(1) The central cities, with higher resilience, are represented by Xi’an. Xi’an is the largest city in
Guanzhong, and colleges and universities are consolidated in the city. This attracts a large floating
population and young students from the GPUA and its surrounding cities. The urban population
continues to increase. Since the launch of the “Popular Innovation and Entrepreneurship” initiative
in 2014, there has been a significant increase in the main market players in Xi’an, and the volume of
the city’s economy has fully developed and expanded. The increased population has compressed the
city’s original bearing capacity. This has also compressed the urban greening land, the green coverage
rate of the built-up area, and the number of buses per 10,000 people. These have become important
factors in comprehensively evaluating the resilience level. Industrial wastewater discharge has also
become an important factor in the index. The emissions have decreased from 131.68 million tons in
2009 to 40.29 million tons in 2016; this reduction in emissions is significant. In the future, improving the
urban resilience in Xi’an should focus on improving the above indicators, particularly on improving
the supporting facilities and increasing the infrastructure.

(2) The western part of the GPUA is represented by Longnan. Urbanization in this region
is slow, due to the climatic environment and its location in a disadvantaged area. This has led
to an underdeveloped industrial structure. In recent years, with the help of national preferential
policies and industry support, Longnan has steadily grown its resilience level with the help of
economic development and progress in transportation. Of the five important related indicators for
Longnan, three are social environmental resilience indicators. This indicates that improving the social
environment significantly affects improvements in urban resilience. It is important to rationally plan to
upgrade the level of emergency medical care and further build drainage facilities that match the urban
carrying capacity.

The primary industry in the northwest region is relatively high, creating a higher pressure on
urbanization. The local government should effectively alleviate poverty, create a high-quality business
environment, and actively create more jobs. The eastern cities represented by Linfen are in the middle
of the Central Plains urban agglomeration and the GPUA. Compared with the western region, the
eastern region has had a smoother development in information flows, business flows, and capital
flows. Linfen has unique advantages with respect to natural resources. It is one of the few high-quality
main coking coal production bases in China. These coal resources provide sufficient power for urban
economic development.

(3) The resilience of Linfen City, driven by economic factors, represents a middle position with
respect to resilience. Factors outside the economy have had a greater impact on improving urban
resilience. These factors include medical facilities, the number of students in higher education
institutions, and the per capita road area. Linfen City has faced an industrial transformation, and the
city’s tourist attractions bring advantages to tourism industry development. The city is geographically
located in a favorable location at the intersection of the provincial capital cities of Shanxi, Shaanxi,
and Henan. In the future, efforts should be made to improve urban education and medical care,
prevent population loss, focus on linkage effects with developed regions, and increase regional
urban coordination.
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5. Conclusions and Recommendations

As China’s urbanization has accelerated, urban resilience has become an important research
direction for urban planning and sustainable development. This study evaluated 16 cities in the GPUA,
providing a case study for urban resilience in underdeveloped areas and growth areas. The results
show that: (1) The urban resilience value of the GPUA presents geographical difference in the eastern,
central, and western regions. The resilience of cities located in the center of the region is high, while
the resilience values of surrounding cities are low. The GPUA can be approximated as a circle; Xi’an
is at the center of the circle and has the highest urban resilience. The resilience of the other cities
decreased gradually along the radius of the GPUA. (2) The urban resilience of most cities in the GPUA
is in the middle and lower levels, and the development of cities is not balanced. Baoji and Xianyang
have advantages in development during 2009–2016, and they try to promote the resilience of the
GPUA as sub-central cities. (3) Infrastructure resilience and ecological environment resilience are key
weaknesses in urban development. Meanwhile, economic resilience is the main factor impacted by
fluctuations in urban resilience.

It is important to clarify the spatial and temporal differentiation pattern of urban resilience
and its influencing factors, which can enhance the adaptability to urban risk and the potential for
urban sustainable development [59]. To improve the overall level of resilience of the GPUA and to
narrow the gap between cities, economic development must be established as the leading factor, and
different methods should be adopted to improve the economic level. Second, cities should engage
in rational planning based on actual conditions. Third, the function of the urban agglomeration
should be considered, with overall development established as the goal of regional co-ordination.
Finally, the principle of ecological sustainability should be adopted during development, emphasizing
development quality. Specific recommendations are as follows.

First, the city should be more open to ensure the smooth flow of economic factors and to further
accelerate the stable growth of the economy economic. The city manager should try to create a stable
business environment and take advantage of the geographical advantages of cities along the "Silk
Road Economic Belt" to actively engage in investment and create rich opportunities for science and
innovation education. In particular, resource-dependent cities should pay more attention to diversified
development and promote high-quality development in the manufacturing and service industries.

Second, cities should improve infrastructure and reasonably allocate public resources. Most of
the GPUA cities are located in underdeveloped areas in western China, where natural disasters are
relatively frequent and urban infrastructure is of low resilience. Therefore, it is necessary to mitigate
the significant under-development and weaknesses of the current infrastructure. The increase in
high-speed railways and logistics stations will help improve infrastructure resilience. Emergency
recovery plans for extreme weather, infectious diseases, and power outages are also important.

Third, we need to strengthen the links and cooperation among cities in the urban agglomeration
and formulate unified policies and standards. Local conditions should shape the strengthening of policy
designs and technical support to build urban resilience. The core cities of each urban agglomeration
should guard against the social and environmental pressure caused by dense population; each city
should also excel at using the evacuation function of sub-central cities. Urban resilience can also
be improved by establishing cooperation between cities [60]. This requires that in overall regional
planning and development of urban characteristics, planners and policy makers should strengthen
regional coordination and cooperation, coordinate different development demands, and build a spatial
coordination mechanism to develop resilient cities.

This study included an in-depth selection of research methods and touched on several research
areas. However, the main factors influencing urban resilience will change over time. Hence, the
evaluation indicators and evaluation models selected in this study need to be reassessed on a regular
basis. In recent years, the frequent presence of haze in the GPUA has significantly influenced the
urban environment and resident travel [61]. This should be considered as a factor in evaluating urban
resilience, and future studies should adjust the urban resilience evaluation system based on this current
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situation. In addition, with the rise of smart cities, future studies should investigate the relevant factors
influencing smart city construction and focus on the resilience characteristics of a smart city.
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