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Abstract: Resilient cities provide a new operating mechanism for sustainable urban development and
can effectively reduce urban disaster losses. Urban resilience has become an important research topic,
but few scholars focus on the urban resilience of urban agglomerations in western China. Therefore,
this paper takes the Chengdu–Chongqing urban agglomeration of China as the study area and aims
to evaluate the resilience level of cities in typical regions of western China. This study uses multiple
interdisciplinary methods, such as the entropy weight method, Theil index, and geographically
and temporally weighted regression, to evaluate the resilience levels of 16 cities in the region and
discuss the influencing factors of regional urban resilience. The results show that the urban resilience
of cities in the Chengdu–Chongqing urban agglomeration has evolved from a low to high level.
Additionally, there are significant spatial differences in urban resilience in the Chengdu–Chongqing
urban agglomeration, and the resilience levels of cities in the east and west of the region are relatively
high, while the resilience levels of cities in the south and north are relatively low. Further research
found that factors such as administrative level, marketization level, industrial structure, population
density, urbanization level, and emergency facility level all have a significant positive impact on the
improvement of urban resilience, but this impact has spatial and temporal heterogeneity. Based on the
above research results, the strategies have been proposed from the perspective of sustainable urban
development to provide a new theoretical support and decision-making reference for improving the
resilience level of urban agglomerations in western China.

Keywords: sustainable urban development; urban resilience; influencing factors; Chengdu–Chongqing
urban agglomeration

1. Introduction

The city is an important part of human society and an important carrier of human
activities, and its sustainable development is an important guarantee for the progress of hu-
man society. As a complex system integrating economy, society, ecology, and infrastructure,
urban sustainable development means that a city can better solve the problems encountered
in the process of development, and its core lies in coordinating the relationship between
urban development and urban resources, environment, and security [1]. However, the
continuous expansion of urban scale and the high concentration of the population make the
contradiction between urban development and urban resources, environment, and security
increasingly prominent [2]. High-intensity economic activities and frequent emergencies
have caused excessive consumption of urban resources and substantial damage to the
environment, which has brought serious challenges to the sustainable development of
cities [3]. The potential impact and catastrophic consequences of emergencies such as
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earthquakes, floods, and COVID-19 in recent years have become increasingly significant,
severely restricting the sustainable urban development [4].

Fortunately, due to the direct relationship between urban resilience and sustainable
urban development, the proposal of resilient cities provides a new operating mechanism
for sustainable urban development [5]. Resilient cities aim for the sustainable development
of cities, can improve the speed of disaster response, and reinforce the disaster operation
mechanism of cities through the preparation work before emergencies [6]. Therefore,
resilient cities can quickly adapt to and absorb the hazards of disasters, effectively reduce
the potential impact of disasters, reduce the disaster losses of cities, and enhance the
sustainable development capacity of cities [7].

In recent years, facing the threat of escalating emergencies, building resilient cities
has become a key issue of international concern [8]. China established the Ministry of
Emergency Management and included resilient cities in its long-term development plan [9].
The United Nations [10], the Rockefeller Foundation [11], and other relevant international
institutions are also constantly promoting the development of resilient cities. Simultane-
ously, urban resilience research has also become the theme of current urban governance
research [12], but few scholars have paid attention to urban resilience in relatively backward
areas in western China.

Therefore, we take the Chengdu–Chongqing urban agglomeration in western China
as the research area and aim to explore the resilience improvement strategies and enhance
the sustainable development capabilities of cities. In this study, we summarize the current
research progress on urban resilience in Section 2, and present the general research area,
framework, and methodology of this paper in Section 3. We analyze the level of urban
resilience and the influencing factors of urban resilience in the Chengdu–Chongqing urban
agglomeration in Section 4. In Section 5, We discuss theoretical contributions and develop-
ment proposals. In Section 6, we summarize the main conclusions of this study and point
out aspects that can be further explored by subsequent research.

2. Research Review

At the end of the last century, resilience theory was first used to study the problem
of complex urban systems responding to natural disasters [13] and emergencies [14]. At
the beginning of this century, the International Council for Local Environmental Initiatives
(ICLEI) first proposed the concept of urban resilience and incorporated it into urban sus-
tainable and healthy development policies, promoting the application of resilience theory
in urban ecosystem research [15]. By reviewing the existing international research on urban
resilience, it is found that domestic and foreign scholars have carried out rich research on
urban resilience from multiple backgrounds, multiple perspectives, and multiple regions.
These studies mainly concentrate on three aspects: theoretical research on the concept and
features of urban resilience; empirical research on the evaluation and evolution mecha-
nism of urban resilience; and exploratory research on the improvement paths of urban
resilience level.

In terms of theoretical research, existing research first discusses the connotation of
urban resilience. Due to different research perspectives, the definition of urban resilience
can be divided into two categories: anti-stress protection theory and capacity improvement
theory. The theory of anti-stress protection defines urban resilience as the ability of a city
to achieve public environmental security, social order stability, and normal operation of
the economic system when faced with internal and external sudden disasters [16,17]. The
theory of capacity improvement defines urban resilience as a sustainable development
ability of a city to protect the normal operation of internal systems during disasters and
reorganize internal systems to improve overall resilience after disasters [18,19]. Second, in
terms of theoretical research, scholars also discussed the characteristics of resilience cities.
Scholars have discussed the characteristics of resilient cities in terms of their premise [20],
effect [21], mechanism [7], and purpose [22].
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In terms of empirical research, scholars mainly evaluate the resilience level of cities in
specific regions from three perspectives: the disaster response perspective, urban composi-
tion perspective, and urban resilience characteristics perspective [23]. From the perspective
of disaster response, scholars have mainly evaluated the disaster response capacity of dif-
ferent urban systems with the background of specific disasters, such as climate change [24],
earthquakes [25], flood disasters [26], and economic crises [27]. From the perspective of
urban composition, relevant scholars mainly evaluate the level of urban resilience from four
dimensions: society, economy, ecology, and organization [28]. On this basis, related scholars
continue to expand the evaluation dimension, such as system and culture [29]. From the
perspective of urban resilience characteristics, scholars mainly evaluate the urban resilience
level of a specific region based on the combination characteristics, such as the combination
characteristics of “scale density form” [30], the combination characteristics of “response, re-
covery and adaptability” [31] and the combination characteristics of “prediction, adaptation
and recovery” [32].

In terms of exploratory research, scholars mainly focus on the research theme of ana-
lyzing the influencing factors of urban resilience and explore ways and methods to improve
urban resilience [33]. Das et al. (2020) [34] found through a questionnaire survey that the
education level, economic development level, and infrastructure level of local people are
important factors affecting the urban resilience of the east coast of the Indian Ocean, and
put forward urban resilience improvement strategies, such as improving insurance policies
and smart asset investment. Liu et al. (2021) [35] used a spatial econometric model to study
and discover that factors such as urbanization rate and administration all had an important
impact on urban resilience in Henan, China, and proposed urban resilience improvement
ways, such as continuously promoting the level of new urbanization and optimizing the
industrial structure. Khan et al. (2021) [36] used structural equation modeling to study and
discover that geographic location, government decision-making, and urban financial condi-
tions have a significant impact on urban resilience and gave related methods to improve
urban resilience. Moradi (2021) [37] used the expert scoring method to find that economic
indicators and physical environment conditions are all important factors for improving
the urban resilience of Iran’s second-largest city, and also put forward suggestions for
improving urban resilience.

However, due to the late start of the research on urban resilience, the existing research
still has some limitations. In the selection of a study area, the existing research is mainly
limited to the relatively developed coastal areas of the global economy, and lacks the
resilience research of relatively backward inland cities. In terms of research methods,
exploratory research is mostly limited to econometric methods such as linear regression,
structural equations, and spatial econometric models, and new research methods need to
be introduced. In terms of research content, most studies are limited to the measurement
and evolution mechanism of urban resilience, lacking more in-depth research on regional
spatial optimization and coordinated improvement of regional urban resilience.

Compared with existing research, this paper is the first to comprehensively evaluate
the urban resilience level of the Chengdu–Chongqing urban agglomeration in western
China, which provides a decision-making reference for enhancing the urban resilience of
the area and driving the improvement of urban governance level in western China. Second,
this paper combines the methods of econometrics and geography, improves the traditional
entropy weight method by adding time variables, and introduces the geographically and
temporally weighted regression model into the field of urban governance research, which
innovates the research method. Finally, on the basis of evaluating the level of regional
urban resilience, this study analyzes and puts forward the improvement strategy of urban
resilience coordinated development, which broadens the theoretical boundary and scope
of application.
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3. Materials and Methods
3.1. Study Area

This study chooses the Chengdu–Chongqing urban agglomeration in western China as
the study area, which consists of 16 cities as shown in Figure 1. It has the unique advantage
of connecting southwest and northwest China and connecting East Asia, Southeast Asia,
and South Asia [38]. Firstly, it is the region with the strongest industrial foundation, the
broadest market space, and the highest degree of openness in western China. In 2021, the
total economic volume of the Chengdu–Chongqing urban agglomeration will account for
6.5% of the national total and 30.8% of the western region [39]. Secondly, it is another major
coordinated development area following the three major coordinated development areas
along the eastern coast of China. It is an important economic center with national influence
and has a unique strategic position in driving the overall development of western China.
Thirdly, the Chengdu–Chongqing urban agglomeration is adjacent to many countries in
Southeast Asia, and is also inhabited by ethnic minorities. The geographical environment
is special and complex, and public events occur frequently. According to the data of the
Ministry of National Emergency Management, in recent years, the incidence of earthquake
disasters, traffic accidents, man-made damage, and public emergencies in the study area
has remained high, showing the characteristics of complex composition, widespread, and
severe social impact, which seriously threaten the safety and the sustainable development
of regional cities [40].
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3.2. Data Sources
3.2.1. Statistical Data

This study takes the statistical data of 16 cities in the study area from 2005 to 2019
as the study sample. The data mainly come from the relevant statistical yearbooks and
statistical bulletins of the country, province, and city. For individual missing and wrong
values, this paper uses the mean value method of adjacent years to interpolate and correct,
so as to guarantee the completeness and authenticity of the data.

3.2.2. Geographic Data

The geographic data in this paper are mainly from the National Basic Geographic
Information Center of China and the National Geographic Information Resource Catalog
Service System of China. After screening and processing, the geographic data conforming
to the study area are obtained. Meanwhile, in this paper, after processing, the resolution of
the processed geographic data is 1000, which can better present the research content.
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3.3. Methodology
3.3.1. Entropy Weight Method

The entropy weight method (EWM) is a weight calculation and evaluation method.
Compared with the subjective weighted scoring methods, the entropy weight method
can make a more objective and real evaluation of the object, and it is simple and easy to
operate [41]. Based on the traditional entropy weight method, this paper adds the time
variable of different years for improvement, which makes the evaluation of urban resilience
more accurate and comprehensive. This paper uses MATLAB (Version 2018a, MathWorks,
Natick, Massachusetts, United States), a programming calculation software, for calculation
and the specific process is as follows:

(1) Assuming there are n cities, m years, and s indicators, the original indicator matrix
is X = {Xaij} m × n × s (0 < i < n, 0 < a < m, 0 < j < s). Then, the j-th index of the
city i in the a-th year can be expressed as Xaij, and in this paper n, m, and s are 16, 15,
and 25, respectively.

(2) Indicator data standardization:

1. Positive indicator:

X′aij =
Xaij −min

{
Xj
}

max
{

Xj
}
−min

{
Xj
} (1)

2. Negative indicator:

X′aij =
max

{
Xj
}
− Xaij

max
{

Xj
}
−min

{
Xj
} (2)

(3) Indicator data normalization:

Yaij =
X
′
aij

m
∑

a=1

n
∑

i=1
X′aij

(3)

(4) Calculating the entropy value of the indicator:

ej = −
1

ln(mn)

m

∑
a=1

n

∑
i=1

Yaij ln(Yaij) (4)

(5) Calculating the redundancy of the index entropy value:

gi = 1− ej (5)

(6) Calculating indicator weights:

Wj =
gj

s
∑

j=1
gj

(6)

(7) Calculating urban resilience scores:

R =
s

∑
j=1

X
′
aijWj (7)

3.3.2. Theil Index

The Theil index is an indicator that uses the concept of entropy in information theory
to evaluate the development gap between individuals or regions [42]. This study takes the
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Theil index to describe the spatial imbalance characteristics of urban resilience development
in the study area.

T =
n

∑
i=1

Pi
xi
u

ln
( xi

u

)
(8)

Among them, n refers to the number of cities, Pi represents the proportion of the
population of the i-th city to the total urban population, xi represents the resilience level of
the i-th city, and u represents the weighted average of all observed urban resilience levels.

3.3.3. Geographically and Temporally Weighted Regression

It is a local linear regression model, which can combine temporal information and
spatial information and consider both time and space non-stationarity. It can estimate the
effect of influencing factors in different regions and different times, so that the relationship
between variables can change with the change of time and spatial position, and the result
is more in line with the objective reality [43]. This paper uses ArcGIS10.7 (Version 10.7,
Environmental Systems Research Institute, Redlands, CA, USA), a geographic data analysis
software, for calculation and analysis, and its model structure is as follows:

Yi = β0(ui, vi, ti) + ∑
k

βk(ui, vi, ti)Xik + εi (9)

Among them, Yi is the explained variable and (ui, vi, ti) is the spatiotemporal dimen-
sion coordinate, where ui is the longitude coordinate, vi is the latitude coordinate and ti is
the time coordinate of the i-th sample point. β0(ui, vi, ti) is the constant term (intercept),
while βk(ui, vi, ti) is the regression coefficient of the k-th explanatory variable.

Among them, the regression coefficient adopts the local weighted least squares esti-
mation, and the method is as follows:

(1) Calculating the space–time distance:

dST
ij =

√
λ
[(

ui − uj
)2 −

(
vi − vj

)2
]
+ µ

(
ti − tj

)2 (10)

where dST
ij is the space–time distance and λ and µ are the weights of the Gaussian func-

tion method.

(2) Calculating the space–time weight function:

Wij = exp

−
(

dST
ij

)2

h2

 (11)

where Wij is the space–time weight function and dST
ij is the space–time distance. h is the

spatiotemporal bandwidth, selected according to the minimum cross-validation (CV) value,
and is the sum of the squared errors between the actual value yi and the predicted value
ŷi(h), and the formula is as follows:

CV(h) = ∑
i
(yi − ŷi(h))

2 (12)

(3) Constructing the space–time weight matrix:

W(ui, vi, ti) = diag
(
Wi1, Wi2, · · · , Wij, · · ·Win

)
(13)

where the space–time weight matrix W(ui, vi, ti) is an n × n diagonal matrix, where
Wij(1 ≤ j ≤ n) is the space–time weight function.

(4) Calculating the regression coefficient:
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β̂(ui, vi, ti) =
[

XTW(ui, vi, ti)X
]−1

XTW(ui, vi, ti)Y (14)

3.4. Index System and Weight
3.4.1. Index System

Through the above review of existing research, this paper considers urban resilience
as the degree to which a city can endure, adapt, and absorb hazards when faced with
various disasters, and as the recovery capability after the disaster. From the perspective
of urban resilience composition and urban resilience characteristics, this paper designs an
evaluation index system with three levels: target level, criterion level, and index level [44].
This paper takes overall resilience as the target layer and chooses economic resilience, social
resilience, ecological resilience, and infrastructure resilience as the criterion layers from the
perspective of urban resilience composition and characteristics. Additionally, combined
with domestic and foreign urban resilience evaluation index systems [45], this paper selects
25 specific indicators to build the evaluation index system (as in Table 1).

Table 1. Evaluation Index System.

Target Layer Criterion Layer Indicator Layer Indicator Nature

Overall resilience

Economic resilience

Per capita GDP (CNY) [46] +
Proportion of tertiary industry in GDP (%) [28] +
Per capita investment in fixed assets (CNY) [47] +
Dependence on foreign trade (%) [31] +
Proportion of fiscal revenue in GDP (%) [47] +
Per capita disposable income of urban residents (CNY) [37] +

Social resilience

Urbanization level (%) [48] +
Proportion of non-agricultural employed population (%) [29] +
Urban registered unemployment rate (%) [49] -
Number of college students per 10,000 (person) [] +
Proportion of employees in public management and social
organizations (%) [50] +

Number of hospital beds per 10,000 people (piece) [51] +

Ecological resilience

Greening coverage rate of built-up area (%) [52] +
Per capita green space area in municipal area (m2) [53] +
Industrial wastewater discharge per unit GDP (t) [54] -
Industrial sulfur dioxide emission per unit GDP (t) [54] -
Industrial smoke (dust) emission per unit GDP (t) [54] -
Centralized treatment rate of domestic sewage (%) [55] +
Comprehensive utilization rate of industrial solid waste (%) [52] +

Infrastructure
resilience

Per capita water consumption (m3) [56] -
Per capita electricity consumption (kW·h) [56] -
Fixed Internet users per 10,000 people (households) [50] +
Gas penetration rate (%) [52] +
Per capita Road area (m2) [53] +
Density of drainage pipeline in built-up area (km/km2) [51] +

3.4.2. Indicator Weight

Based on the assessment file framework built over, this study employs the improved
entropy weight method to compute the weight value of the urban resilience evaluation
index of the study area after collecting the data. Through MATLAB calculation, the weight
coefficients of the criterion layer and indicators are obtained, as appeared within the taking
after Table 2:
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Table 2. Weights of Evaluation Indicators.

Target Layer Criterion Layer Weight Indicator Layer Weight

Overall
resilience

Economic
resilience

0.3549

Per capita GDP (CNY) 0.0818
Proportion of tertiary industry in GDP (%) 0.0431
Per capita investment in fixed assets (CNY) 0.0854
Dependence on foreign trade (%) 0.0103
Proportion of fiscal revenue in GDP (%) 0.0632
Per capita disposable income of urban residents (CNY) 0.0711

Social resilience 0.2979

Urbanization level (%) 0.0305
Proportion of non-agricultural employed population (%) 0.0297
Urban registered unemployment rate (%) 0.0286
Number of college students per 10,000 (person) 0.1389
Proportion of employees in public management and social
organizations (%) 0.0112

Number of hospital beds per 10,000 people (piece) 0.059

Ecological
resilience

0.1005

Greening coverage rate of built-up area (%) 0.0161
Per capita green space area in municipal area (m2) 0.0287
Industrial wastewater discharge per unit GDP (t) 0.0109
Industrial sulfur dioxide emission per unit GDP (t) 0.0049
Industrial smoke (dust) emission per unit GDP (t) 0.0045
Centralized treatment rate of domestic sewage (%) 0.0245
Comprehensive utilization rate of industrial solid waste (%) 0.0109

Infrastructure
resilience

0.2467

Per capita water consumption (m3) 0.0127
Per capita electricity consumption (kW·h) 0.0099
Fixed Internet users per 10,000 people (households) 0.1059
Gas penetration rate (%) 0.0218
Per capita Road area (m2) 0.0355
Density of drainage pipeline in built-up area (km / km2) 0.0609

3.5. Study Variables and Test
3.5.1. Study Variables

(1) Explained Variable.

This paper takes the urban resilience level as the explained variable. Based on the
previous construction of an urban resilience level evaluation index system, this study
will utilize the improved entropy weight method to evaluate the urban resilience level of
16 cities in the study area from 2005 to 2019, which will be used as the explanatory variable.

(2) Explanatory Variables.

After comprehensively considering the connotation and characteristics of urban re-
silience, combined with existing investigations, this paper selects the explanatory variables
from the aspects of society, environment, economy, population, and facilities that affect the
urban resilience. The explanatory variables selected in this paper are as follows: (1) ad-
ministrative level. Government departments are the direct leading departments of urban
planning and development. The administrative level of government departments is directly
related to the urban resilience. This paper uses the extent of public monetary use to GDP
to measure the urban administrative level. (2) Open level. The opening level of the city
will affect the development of the industry, technology, economy, and employment of the
city; therefore, the level of urban openness has a great impact on the urban resilience of
the city. This paper uses the proportion of the total import and export trade to GDP to
measure the opening level of the city. (3) Marketization level. The market level reflects the
consumption power and economic vitality of the city, can invigorate the development of
the city’s economy to a certain degree, and also has an imperative effect on the resilience.
This paper adopts the marketization level of the per capita retail quota of social consumer
goods. (4) Science and education level. The level of science and education is the driving
drive for the sustainable improvement of cities and has an imperative effect on the level
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of urban resilience. This paper selects the extent of science and instruction uses in fiscal
expenditures to measure the level of science and education in cities. (5) Industrial structure.
Industrial structure is the embodiment of the city’s economic and social stability and is an
important guarantee for the city to resist shocks. This paper selects the extent of the tertiary
industry in GDP to measure the city’s industrial structure. (6) Credit level. The credit level
reflects the financial development potential of the city and has a great effect on the city’s
ability to resist economic shocks. This paper uses the ratio of the total deposits and loans
of financial institutions to GDP to measure the city’s credit level. (7) Population density.
Population density directly affects the distribution and use of urban labor resources and
plays an important role in urban economic and social development. This paper uses the
proportion of population to urban area to measures population density. (8) Urbanization
level. Urbanization can better integrate market resources, create a better urban develop-
ment environment, and play an important role in the level of urban resilience. This study
selects the urbanization rate to measure the urbanization level of a city. (9) Emergency
facility level. The level of urban emergency facilities is an important criterion to measure
the urban emergency response capability and determines the level of urban resilience. In
this paper, the level of urban emergency facilities is measured by the urban per capita
infrastructure investment quota.

3.5.2. Variable Test

In the geographically and temporally weighted regression model, when the variance
inflation factor (VIF) of the explanatory variable is higher than 10, the model will become
unstable. Before performing regression, it is necessary to verify the correlation and mul-
ticollinearity between variables. In this paper, the urban resilience scores of 16 cities in
the study area from 2005 to 2019 are used as explanatory variables, and the data of the
nine explanatory variables collected are standardized at the same time, so that the effect
of influencing factors can be directly compared. Based on the statistical data analysis
software SPSS (Version 25.0, IBMCorp, Armonk, New York, United States), the correlation
and multicollinearity between variables were tested by the Pearson correlation coefficient
and variance inflation factor, and key explanatory variables were screened. As can be seen
from Table 3, among the nine explanatory variables selected in this study, except for the
science and education level, which has no significant correlation with urban resilience, the
rest of the explanatory variables are significantly related to urban resilience, and there is
no multicollinearity.

Table 3. Explanatory Variable Correlation and Multicollinearity Tests (Note: 1. The dependent
variable is urban resilience; 2. ** implies critical at the level of 0.01; 3. According to the score of
correlation coefficient, (0.7, 1) is strong correlation, (0.3, 0.7) is medium correlation, (0, 0.3) is weak
correlation; 4. Referring to the judgment of ArcGIS on multicollinearity, when VIF > 10, the data
index has multicollinearity).

Variable

Correlation Multicollinearity

Pearson
Coefficient Relevance Judgment Tolerance VIF Multicollinearity

Diagnostics

Administrative level (X1) 0.171 ** Significantly weak correlation 0.527 1.896 No collinearity
Open level (X2) 0.475 ** Significant moderate correlation 0.326 3.066 No collinearity

Marketization level (X3) 0.934 ** Significant strong correlation 0.133 7.520 No collinearity
Science and education level (X4) −0.013 No significant correlation 0.754 1.327 No collinearity

Industrial structure (X5) 0.750 ** Significant strong correlation 0.303 3.305 No collinearity
Credit level (X6) 0.735 ** Significant strong correlation 0.205 4.875 No collinearity

Population density (X7) 0.271 ** Significantly weak correlation 0.436 2.294 No collinearity
Urbanization level (X8) 0.867 ** Significant strong correlation 0.137 7.303 No collinearity

Emergency facility level (X9) 0.898 ** Significant strong correlation 0.170 5.896 No collinearity
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4. Results
4.1. Evaluation Results of the Urban Resilience

This paper uses the interval taxonomy way to divide the urban resilience score into
four grades between (0, 1): less than 0.25 is the low resilience level, between 0.25–0.50
(including 0.25) is the general resilience level, between 0.50–0.75 (including 0.50) is the
medium resilience level, and greater than 0.75 (including 0.75) is the high resilience level.
Based on this division of urban resilience levels, this study analyzes the urban resilience
level and its influencing factors in the Chengdu–Chongqing urban agglomeration.

4.1.1. Urban Resilience Level

From the statistics of the urban resilience score in Table 4, it can be seen that, from 2005
to 2019, the resilience level of the 16 cities in the area showed a continuous upward trend.
The urban resilience of Chengdu and Chongqing has increased from a general level of
resilience to a high level of resilience, and the urban resilience of the remaining 14 cities has
also increased from a low level of resilience to a medium level of resilience. Among them,
Guang’an has the largest increase, and its urban resilience level rose from 0.131 in 2005 to
0.577 in 2019, and the annual growth rate reached 22.7%. As Guang’an is a low-resilience
city, it is relatively easy to improve its resilience, and it is adjacent to Chongqing, which
is driven by the radiation of Chongqing, and the growth rate is obvious. However, the
resilience levels of cities such as Chengdu and Chongqing have improved relatively slowly,
with a yearly increasing rate of only 6.7% and 8.9%, respectively. This is mainly due to
Chengdu and Chongqing being provincial capitals with relatively large scales, and the
improvement of urban resilience is affected by various factors, making it relatively difficult.
In terms of rankings, the two provincial capitals, Chengdu and Chongqing, are firmly in
the top two resilience levels, leading the construction and development of resilient cities in
the area. Cities such as Mianyang, Deyang, Zigong, and Ya’an have also been ranked at
the forefront, and they are the core forces for the construction and development of resilient
cities in the region. The rankings of cities such as Luzhou, Yibin, and Guang’an are also
rising, and their role in the construction and development of resilient cities in the region is
becoming more and more important.

Table 4. Urban Resilience Scores in the Chengdu–Chongqing Urban Agglomeration.

City
2005 2010 2015 2019

Scores Rank Scores Rank Scores Rank Scores Rank

Chongqing 0.334 2 0.514 2 0.674 2 0.781 2
Chengdu 0.414 1 0.564 1 0.744 1 0.829 1
Zigong 0.322 3 0.392 3 0.462 6 0.62 6
Luzhou 0.189 8 0.283 8 0.452 7 0.578 7
Deyang 0.215 5 0.346 6 0.473 5 0.668 4

Mianyang 0.229 4 0.381 4 0.534 3 0.676 3
Suining 0.151 10 0.264 13 0.406 13 0.529 12
Neijiang 0.15 13 0.24 16 0.369 15 0.508 15
Leshan 0.173 9 0.306 7 0.42 10 0.575 10

Nanchong 0.201 7 0.283 9 0.416 12 0.522 14
Meishan 0.151 11 0.276 10 0.451 8 0.578 8

Yibin 0.151 12 0.275 11 0.393 14 0.536 11
Guang’an 0.131 16 0.262 14 0.418 11 0.577 9
Dazhou 0.133 15 0.257 15 0.309 16 0.443 16

Ya’an 0.211 6 0.357 5 0.513 4 0.655 5
Ziyang 0.14 14 0.268 12 0.434 9 0.523 13
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4.1.2. Temporal Evolution Characteristics of Urban Resilience

This paper uses the average resilience of 16 cities to measure the overall resilience level
of the region. As shown in Figure 2, from 2005 to 2019, the overall regional resilience level
of the Chengdu–Chongqing urban agglomeration grew from 0.206 to 0.6, and the resilience
of the economy, society, ecology, and infrastructure also increased significantly. During the
period, the ecological resilience level was obviously higher than that of other subsystems
such as economy and society in the area, mainly because the urban agglomeration was
located in western China, the economic and social level was relatively backward and
increase slow, and the ecological environment was not overused, making the ecological
resilience level in the region relatively high. In recent years, due to the rapid development
of cities in western China, the Chengdu–Chongqing urban agglomeration has been utilizing
a large amount of ecological and environmental resources, which has slowed down the
improvement of regional ecological resilience, but the resilience of the regional economy,
society, and infrastructure has improved rapidly. At the same time, the state has put forward
a coordinated development plan for the Chengdu–Chongqing urban agglomeration, which
means the overall resilience of the region still has a lot of room for improvement. In the
future, the overall resilience of the area will continue to improve.
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Figure 2. Average value of regional overall resilience and subsystem resilience of the Chengdu–
Chongqing urban agglomeration from 2005 to 2019.

4.1.3. Spatial Evolution Characteristics of Urban Resilience

Influenced by geographical location, resource endowment, development level, and
other factors, the urban resilience of the 16 cities in the region has significant spatial
differences. Based on ArcGIS 10.7 software, this study conducted a spatial representation
of the urban resilience of the 16 cities in 2005, 2010, 2015, and 2019. As can be seen from
Figure 3: (1) the resilience level of Chengdu, Deyang, Mianyang, and Ya’an in the northwest
of the region is relatively high, while the cities with low resilience level are concentrated in
the southwest and northeast of the region, mainly Yibin, Zigong, Dazhou, and Guang’an,
showing significant spatial differences. (2) In the region, the urban resilience level of
Chengdu and Chongqing is much higher than that of other cities, and the core position
of the two cities is obvious. Chongqing is located in the east of the region, bordering on
the Central Plains urban agglomeration, and Chengdu is located in the west of the region,
respectively leading and radiating the construction and development of resilient cities in
the region. (3) The resilience level of the surrounding cities of Chengdu is also relatively
high, with a good radiation-driven development effect. However, the resilience level of the
surrounding cities of Chongqing is relatively low, showing a strong siphon effect, which is
related to the fact that Chongqing lacks coordinated development with other cities.
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In this paper, the Theil index of urban resilience is calculated as shown in Figure 4. It
can be found that while the urban resilience of the cities is continuously improving, the gap
in resilience levels between cities is decreasing, and the spatial differences and development
imbalances are constantly weakening. Among them, the spatial difference between urban
ecological resilience and infrastructure resilience is small, and the fluctuation changes are
small, but the spatial differences of urban social and economic resilience are large, and
the fluctuation changes are obvious, which makes the overall resilience level of regional
cities have significant spatial differences and large changes. During the period, the Theil
index of regional urban economic and social resilience dropped from 0.538 and 0.47 to
0.219 and 0.182, respectively, and the Theil index of overall urban resilience dropped from
0.205 to 0.117. Spatial differences in urban resilience are shrinking, mainly because of the
implementation of the relevant strategies and plans, which accelerate regional economic
and social development. Led by Chengdu and Chongqing, the social and financial level of
each city has been continuously improved, narrowing the social and economic gap between
the cities, and making the unbalanced development of the overall urban resilience weaken.
Although the gap still exists, the gap still has a decreasing trend.
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4.2. Results of Influencing Factors on Urban Resilience
4.2.1. Analysis of the Action Results of Influencing Factors

From the regression results in Table 5, we can see that for the overall resilience, apart
from the level of openness and the level of credit that inhibit the improvement of urban
resilience, other explanatory variables have obvious impacts on the improvement of urban
resilience. (1) Among them, the marketization level has the most noteworthy effect on
urban resilience, mainly because the area is located inland and the economic development
is relatively backward, so that improving the level of economic development is a viable
way to make strides in the level of urban resilience. (2) The impact of the urbanization level
on urban resilience is second. In the study area, where the level of urbanization is relatively
backward, the improvement of the urbanization level enables cities to more rationally
allocate resources such as population, capital, technology, and information, and improve
urban resilience. (3) Industrial structure also has a positive influence on the resilience of
the city. The research object as a traditional agricultural area, optimizing the industrial
structure can promote urban economic and social development, thereby enhancing urban
resilience. (4) Simultaneously, the administrative level and the level of emergency facilities
also have positive effects on urban resilience. Since the research object is located in an area
prone to natural disasters, the improvement of the administrative level and the level of
emergency facilities can promote the level of urban management, improve the speed of
urban emergency response, and directly affect the improvement of urban resilience. (5)
The study area is rich in population resources, but because of the backward economic and
social level there is an excess of labor resources, so population density has little effect on
the improvement of urban resilience. (6) The opening level and credit level have negative
impacts on urban resilience, which shows that the economic system of the study area inland
is relatively fragile and vulnerable to external factors, and it needs to adjust and innovate
the opening-up mechanism and development mode to enhance urban resilience.
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Table 5. Statistics of the effect of explanatory variables.

Average Value Minimum
Value Lower Quartile Median Upper Quartile Maximum

Value

X1 0.1224868 −0.3816324 −0.0135089 0.0544626 0.2102124 0.3274534
X2 −0.0596576 −0.5084665 −0.2144015 −0.0717284 0.0514928 0.4990566
X3 0.4984856 −0.6077710 0.1169416 0.3406415 0.7409104 0.9372762
X5 0.1629620 −0.2222558 0.0421896 0.1616027 0.2609606 0.7530721
X6 −0.0913039 −0.3589074 −0.2115222 −0.0324012 0.0446096 0.3195433
X7 0.0390264 −0.4329643 −0.1227017 −0.0217110 0.0767105 0.3949507
X8 0.4631614 −0.0654836 0.2203307 0.4260468 0.6425338 0.8057922
X9 0.1612041 −0.0727728 0.0466173 0.1468703 0.2966193 0.5434512

Bandwidth 0.114996 N/A N/A N/A N/A N/A
AICc −271.289 N/A N/A N/A N/A N/A

R2 0.9507 N/A N/A N/A N/A N/A

4.2.2. Temporal and Spatial Heterogeneity of the Results

From the statistical results in Table 5, it can be seen that there is obvious temporal
and spatial heterogeneity within the effect of the influencing factors of urban resilience in
the Chengdu–Chongqing urban agglomeration. This paper uses ArcGIS 10.7 software to
spatially characterize the effect of the marketization level, industrial structure, urbanization
level, and emergency facility level on urban resilience. As we can see in Figure 5: (1) the
level of emergency facilities has a high degree of effect on the urban resilience of Chengdu
and Chongqing in the eastern and western of the region, while it has a low degree of effect
on the resilience of cities, such as Luzhou and Dazhou in the north and south; (2) the effect
of industrial structure on the resilience of regional cities gradually weakens from southwest
to northeast, and the impact on cities close to the Central Plains urban agglomeration is
relatively low; (3) the urbanization level has a higher degree of impact on cities with higher
resilience levels in the eastern and western of the area, and a lower degree of impact on
cities with lower resilience levels in the northern of the area; and (4) the marketization
level has a lower degree of impact on cities with higher resilience levels in the eastern and
western regions, but has a higher degree of impact on cities with lower resilience levels in
northern and southern cities.

In this paper, the effect of each influencing factor on cities with different resilience
levels was calculated to analyze the temporal heterogeneity of the influencing factors of
urban resilience. In Table 6, it can be found that with the improvement of urban resilience,
the impact of urbanization level and emergency facilities’ level on urban resilience continues
to increase, while the impact of the marketization level will gradually decrease with
the improvement of urban resilience, which is consistent with the conclusion of spatial
heterogeneity of influencing factors. The impact of administrative level, industrial structure,
and population density on urban resilience fluctuates little with the improvement of the
urban resilience level. However, with the improvement of the urban resilience level,
the opening-up level and credit level have an increasingly obvious inhibitory effect on
urban resilience. For sustainable urban development in the area, it is imperative to adjust
the opening-up mechanism and development mode to improve the overall resilience of
regional cities.
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Table 6. Mean Values of Regression Coefficients of Influencing Factors for Different Resilience Levels.

Low Resilience
Level

General Resilience
Level

Medium Resilience
Level

High Resilience
Level

X1 0.16033 0.14411 0.14294 0.11298
X2 0.05192 −0.05359 −0.18342 −0.27803
X3 0.63693 0.47339 0.10429 0.12712
X5 0.20246 0.13812 0.17777 0.25834
X6 −0.09513 −0.07018 −0.13833 −0.15987
X7 0.00500 0.08721 −0.05280 0.04182
X8 0.20684 0.43747 0.79880 0.72370
X9 0.17099 0.18069 0.19208 0.26274

5. Discussion
5.1. Theoretical Contribution

With the continuous increase of urban disaster events and the increasing threat risk,
building resilient cities and improving the level of urban resilience are becoming a new
direction for the current sustainable development of cities. This study comprehensively
evaluates the urban resilience level of the Chengdu–Chongqing urban agglomeration and
explores the influencing factors of urban resilience. This can verify and enrich the related
research on urban resilience of inland cities to a certain extent and broaden the theoretical
boundary and application scope of urban resilience.

Firstly, through the measurement of the resilience level of the cities in the study area,
this study finds that the level of economic resilience and social resilience is the key to
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determining the overall resilience level of the city. This confirms the research of Zheng
et al. (2018) [57] and Ma et al. (2020) [58], arguing that economic and social levels are the
main determinants of urban resilience. Cities with higher economic and social levels have
relatively large resource investment in improving the level of urban resilience, making their
level of urban resilience relatively high. However, cities with relatively low economic and
social levels have failed to invest too many resources in improving urban resilience, and
their resilience levels are relatively low. This also makes the social and economic level the
main driving force for the improvement of the overall resilience level of the city.

Secondly, through the analysis of the spatial differentiation characteristics of urban re-
silience in the study area, this study found that the level of urban resilience in the study area
varies greatly, and there is an obvious siphon effect locally. This finding was also confirmed
by Zhang et al. (2019) [59] and Liu et al. (2021) [35]. In the inland urban agglomeration,
the scale of different cities varies greatly. Larger cities will absorb and utilize the resources
of smaller cities, resulting in a siphon effect on the level of urban resilience in local areas.
On this basis, this paper further explores and confirms that synergistically improving the
economic and social development level of urban agglomerations can effectively reduce the
gap in the resilience levels of cities in urban agglomerations and alleviate the siphon effect
of urban resilience. This makes up for the lack of current scholars’ research on the siphon
effect of urban resilience.

Thirdly, by exploring the influencing factors of urban resilience in the study area, this
paper finds that the level of openness has a negative impact on urban resilience. The study
by Ma et al. (2022) [55] also confirmed this finding, arguing that the level of opening to the
outside world has a negative impact on inland cities. This is mainly due to the relatively
low level of opening to the outside world in most inland cities, and the relatively single
and fragile economic system. The increase in the level of openness will have an impact on
the urban economic system and reduce the overall resilience of the city. Meanwhile, this
paper also explores and finds that influencing factors such as urbanization level, emergency
facility level, and industrial structure have positive impacts on the improvement of urban
resilience, which is consistent with the findings of Dong et al. (2020) [60], Khan et al.
(2021) [36], and Ghouchani et al. (2021) [61]. On this basis, this paper further explores the
temporal and spatial heterogeneity of influencing factors on urban resilience. It makes up
for the deficiency of Chen et al.’s (2021) [54] research on the influence of influencing factors
on different resilience levels, deepens the research on the influencing factors of urban
resilience, and enriches the research results of the influencing factors of urban resilience.

5.2. Development Proposals

Based on the above findings, aiming at the sustainable development of cities in the
area, this paper proposes the following development recommendations:

Firstly, innovate the opening-up mechanism and development mode, and promote
social and economic development. The study area is located in the western inland area,
and the level of social and economic is the main driving factor of urban resilience. Actively
implementing the strategy of expanding opening-up, innovating the opening-up mecha-
nism, optimizing the internal industrial structure, and vigorously developing the inland
open economy are effective ways to enhance urban resilience.

Secondly, accelerate the process of urbanization and improve the level of urbanization.
For the cities in the area with a relatively low level of urbanization, promoting new urban-
ization can strengthen urban space design and planning, rationally allocate population
and natural resources, and improve infrastructure construction, which is important for
improving urban resilience.

Thirdly, give play to the leading role of the government and formulate urban develop-
ment plans rationally. There is a large gap in resilience levels among cities in the region,
and the effects of various influencing factors also have obvious spatial heterogeneity. Each
city government should actively take the lead, correctly grasp their own level of resilience,
and formulate urban development plans with different focuses. Chengdu, Chongqing,
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and other cities with high resilience levels in the region should focus on the urbanization
development and emergency facility construction that have a great impact on them, while
cities with relatively low resilience levels in the region, such as Luzhou, Dazhou, and
Guang’an, should focus on the optimization of industrial structure and the promotion of
social and economic levels to effectively improve urban resilience.

Fourthly, strengthen regional coordinated development and solve the problem of
large gaps in urban resilience between different cities. For the coordinated development of
urban resilience in the area, it is necessary to comprehensively consider the demands of
various cities, build a regional spatial cooperation mechanism, enhance the spatial spillover
effect of talents, technology, capital and other resources in Chongqing, Chengdu, and other
high-resilience cities, and overcome the siphon effect to realize the integrated improvement
of urban resilience within the Chengdu–Chongqing urban agglomeration.

Finally, put emphasis on scientific and technological innovation and speed up the
improvement of urban resilience. Technological innovation is a boost to the improvement
of urban resilience, but the technological innovation capability of the area is relatively low
and has no significant effect on the improvement of urban resilience. It is necessary to
increase policy support for scientific and technological innovation and build a promotion
mechanism for scientific and technological innovation to improve urban resilience, so as to
make urban governance more scientific and modern and help improve the urban resilience
of the area.

6. Conclusions

This paper comprehensively evaluates the urban resilience and analyzes the relevant
influencing factors of urban resilience in the Chengdu–Chongqing urban agglomeration.
The study is concluded as follows: first, the urban resilience of the 16 cities has improved
significantly, showing an evolutionary trend from low resilience to high resilience. Second,
there are obvious spatial differences in the resilience levels of cities in the study area,
but with the continuous narrowing of regional social and economic gaps, the spatial
differences and uneven development of urban resilience have been weakening. Third, the
city’s administrative level, marketization level, industrial structure, population density,
urbanization level, and emergency facility level all play a significant role in promoting
urban resilience, but the opening level and credit level inhibit the improvement of urban
resilience in the area. Fourth, the effect of influencing factors has obvious temporal and
spatial heterogeneity. The effect of influencing factors such as marketization level, industrial
structure, urbanization level, and emergency facility level on urban resilience changes with
time and space.

This research has a certain decision-making support for the improvement of the urban
resilience level of the Chengdu–Chongqing urban agglomeration, has a certain reference sig-
nificance for the resilience development of other cities in western and southwestern China,
and has a certain reference value for the resilience research of inland cities. At the same
time, follow-up research can explore urban resilience more deeply and comprehensively
from the following aspects: first, follow-up research can further refine the research objects,
locate the research objects in towns or communities, and conduct more in-depth research;
second, follow-up research can fully consider the important components of the city such as
policy, culture, and natural environment, and build a more comprehensive urban resilience
assessment framework; and finally, follow-up research may not be limited to social and
economic factors, and should further comprehensively explore the influencing factors of
urban resilience and conduct more comprehensive exploratory research on effective ways
to improve urban resilience.
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