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Abstract: Building resilient cities is playing an increasingly important role in enhancing urban
safety and promoting sustainable urban development. However, few scholars pay attention to
urban resilience in inland provinces. Choosing Henan Province, as it is a typical representative of
China’s major inland economic provinces, has practical guiding significance. This study aims to
provide a systematic indicator system and evaluation tool to measure the cuity’s resilience level.
Therefore, based on a multidimensional perspective, this paper dissects the urban resilience spatial
and temporal evolution characteristics of 18 Henan Province cities with the entropy method, Thiel
index, and ESDA (Exploratory Spatial Data Analysis) and explores influencing factors with a spatial
econometric model. The main results are as follows: (1) the overall resilience in Henan Province
continuously grows, and the resilience level of the Zhengzhou metropolitan area is the highest.
In the urban resilience subsystem, economic and social resilience notably drive urban resilience
improvement in Henan Province. (2) The spatial difference of urban resilience has been significantly
reduced, but the inner metropolitan area presents the characteristics of “core–periphery”. Urban
resilience presents a positive spatial correlation, and local spatial agglomeration is relatively stable.
(3) Under the state of spatial interaction, urbanization rate, administrative, innovation, market, and
industrial structure factors all have significant direct effects and spatial spillover effects on overall
resilience, but openness exerts downward pressure on local resilience. (4) On this basis, strategies
have been proposed to continuously promote the development of new urbanization, improve the
regional coordinated development mechanism, increase market activity, optimize the environment
for scientific and educational innovation, and promote the optimization and upgrading of industrial
structure. The approach taken in this research may also be useful for developing urban resilience
assessment tools in other central plains cities as well as in other cities in the interior of the world with
similar conditions.

Keywords: urban resilience; temporal and spatial differentiation; spatial analysis; Henan Province

1. Introduction

The sustainable and healthy development of cities is an important manifestation of
economic development and social progress. With the rapid development of urbanization,
cities are facing increasingly serious uncertainty problems. The United Nations predicted
that by the end of 2050, more than 66% of the population will live in cities [1]. The
World Bank assessed the risk status of 633 large cities worldwide in 2013 and found that
450 countries were exposed to the risk of at least one disaster [2]. The 2018 Lloyd Urban
Risk Index Report noted that 279 cities worldwide (including 36 Chinese cities) faced the
risk of 22 threats, revealing that most natural disaster risks accounted for 63.4% of the total
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risk-related gross domestic product (GDP), while human risks, such as network crime,
interstate conflicts, or market collapse, accounted for 36.6% of the total risk-related GDP [3].

As the centers of political, economic, and cultural activities, cities provide a large
number of employment opportunities. They are characterized by concentrated populations,
dense buildings, and interconnected infrastructures, which make them function properly
and more livable, but also increase their vulnerability to disasters. Urban systems are con-
stantly exposed to disturbances and damage stemming from natural and man-made factors
highly prevalent in modern society, such as extreme climate disasters, geological disasters,
major infectious diseases, terrorist attacks, information technology risks, population aging,
and backward infrastructure. The COVID-19 outbreak tremendously impacted the health
of cities worldwide, exposing many of the problems and shortcomings of cities in terms
of managing risk and further highlighting the importance of enhancing the resilience of
urban systems. In the face of the growing security needs of people and the increasing
uncertainties in cities, scientists, politicians, and urban managers have carried out relevant
research and adopted emergency countermeasures, and building resilient cities is the most
important aspect.

This paper analyzes the spatial pattern of urban resilience and its influencing factors
in a specific region by using the entropy method, Thiel index, and ESDA from the level of
endogenous development capacity of cities and their optimization of the spatial pattern
of regional development. Given the current situation of Henan Province, wherein “the
overall resilience is continuously growing and evolving, the ecological resilience and
engineering resilience have shortcomings, and the local effect and spatial spillover effect of
openness on urban resilience are negative”, we propose measures to continuously promote
the development of new urbanization; improve the mechanism of regional collaborative
development; enhance market activity; optimize the environment of science, education,
and innovation; and promote the optimization and upgrading of industrial structure to
provide experience and reference for the construction of resilient cities.

2. Resilience

Linguistically speaking, the word resilience originates from the Latin word “resil-io”,
which means to return to its original state. The concept of resilience was first introduced in
1973 by C. S. Holling, a professor of ecology at the University of Florida; in his landmark
book Resilience and Stability of Ecological Systems, he proposed the concept of “ecosystem
resilience” [4], which means “The persistence of natural systems in response to changes
in ecosystems caused by natural or man-made causes”. In the 1980s, the application
of resilience theory was extended to the field of disaster management, leading disaster
scholars to shift their focus from vulnerability to resilience. In the 1980s, the application of
resilience theory was extended to the field of disaster management, leading scholars in the
field of disasters to shift their focus from vulnerability to resilience. In 1996, C. S. Holling
further identified the difference between “ecological resilience” and the traditional concept
of “engineering resilience” in the book Engineering Resilience Versus Ecological Resilience, and
pointed out that the two different definitions of resilience stemmed from the differences in
the concepts of “stability” and “equilibrium”. At the end of the 1990s, scholars gradually
expanded the study of resilience from natural ecology to human ecology. The city as a
major component and activity subject of human ecology, the idea of resilience has been
naturally applied to urban research, laying the foundation for the formation of resilient
city theory.

The development of resilience theory has undergone three conceptual changes: en-
gineering resilience [5], ecological resilience [6], and socio-ecological resilience [7], each
of which has enriched the conceptual content of resilience. Resilient cities were first pro-
posed by the International Council in 2002, and they were introduced into urban disaster
research, which promoted a research wave in the field of urban resilience. The Second
World Conference on Disaster Reduction in 2005 included resilience in the policy area of
sustainable urban development [8]. Subsequently, international research organizations
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and scholars conducted extensive and in-depth studies on the multisectoral, regional, and
comprehensive characteristics of urban resilience, such as the Global 100 Resilient Cities
project launched by the Rockefeller Foundation in 2013, which aims to improve the com-
prehensive resilience of cities by addressing uncertainties in social, economic, institutional,
and infrastructure areas [9]. In 2016, the Third United Nations Conference on Housing and
Sustainable Urban Development (UNCHSUD) released the New Urban Agenda, which
advocated the ecology and resilience of cities as core agenda elements, setting a new global
standard for the sustainable development of resilient cities [10]. In recent years, China
has successfully established administrative departments and research centers, such as the
Ministry of Emergency Management and the Resilient City Research Center of Zhejiang
University. In the newest round of city master plans of Beijing and Shanghai, relevant
expressions, such as strengthening the ability of a city to cope with disasters and improving
the city resilience, have been included. In addition, the concept of resilient cities was first
put forward in the Proposal of the Central Committee of the Communist Party of China on
Formulating the Fourteenth Five-Year Plan for National Economic and Social Development
and Vision Goals for the Year 2035. Therefore, urban resilience has become a hot research
topic in current international urban planning, sustainable urban development, and urban
risk prevention. Through combing and summarizing the domestic and foreign resilience
research literature, it is found that from the existing research, the related research on urban
resilience mainly focuses on the three aspects of connotation characteristics, theoretical
deduction, and indicator system.

In terms of connotation features: due to the unique perceptions of the concept of the
resilience of different disciplines or institutions, the concept of urban resilience also varies:
according to disaster science researchers [11], e.g., Jha et al. [12], Godschalk et al. [13],
and Bozza et al. [14], from the perspective of disaster science that urban resilience is a
system, a given community or society can effectively resist, absorb, and bear the impact
of disasters, and the main characteristics, structure, and key functions can be restored.
Shen et al. [15], Meerow et al. [16], Shao et al. [17], and UN-Habitat [18] proposed that, from
the perspective of urban planning, urban resilience refers to the ability to realize the normal
operation of public safety, social order, and economic construction through reasonable
preparation, buffering, and uncertainty disturbance mitigation. In terms of intrinsic dimen-
sions [19], existing studies on urban resilience have covered multiple dimensions, such as
economic [20,21], ecological [22,23], engineering [24,25], and social dimensions [26]. From
the perspective of the evolution of resilient cities, due to the complexity, openness, and
comprehensiveness of the urban system [27], the construction of urban resilience involves
all aspects of a given city, which is a dynamic and complex urban network involving
interactions between human and environmental systems. Patricia Romero-Lankao et al.
focus on the influences that enhance urban resilience from the perspective of urban actors
and how different definitions of these concepts intersect, complement, or contradict each
other [28].

In terms of theoretical deduction: at present, the research perspectives and themes
of the theoretical framework of urban resilience are diversified and scattered. Relevant
research can mainly be summarized from three perspectives, namely, disaster response,
urban governance, and complex adaptive systems, as represented by Cutter [29], etc., who
proposed the local disaster resilience framework (disaster resilience of a place (DROP)),
thereby paying attention to the city when managing the risk of resource availability and
redundancy and representative facilities and characteristics. Ayyoob Sharifi et al. stud-
ied nine blocks representing three different urban forms (traditional, semi-planned, and
planned) in Iran and analyzed the resilience of different blocks in response to three stress
sources (earthquakes, extreme heat, and floods) [30]. The urban governance framework
focuses on addressing the connection and coordination between urban emergency manage-
ment and urban planning. Many scholars and international organizations have proposed
frameworks such as the resilient city planning framework (RCPF) [31] and city resilience
index (CRI) [32], aiming at the current situation and system of urban resilience to improve
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urban resilience through planning, design, and management. Grazia Brunetta et al. [33]
proposed that measuring urban resilience mainly faces both conceptual and methodologi-
cal barriers, and Stella Manika et al. [34] argued that the optimal location of enterprises
is conducive to improving urban resilience and economic strength. The complex adap-
tive system framework emphasizes that urban risk prevention and control strategies are
proposed in stages, and the core is based on feedback-loop system theory, such as the
human–environment system (HES) [35] and resilience, adaptation, and transformation
assessment (RATA) frameworks [36]. Nyström et al. [35] believed that the system’s struc-
ture, functions, and interrelationships change over time. They proposed a framework for
human–environment coupled system sustainability (the HES framework), which linked
human–environment systems with resilience research and enhanced the resilience of urban
systems through connectivity, dynamic mechanisms, and mutual feedback.

In terms of indicator systems: the evaluation index systems of urban resilience have
generally been constructed from three aspects through empirical research, including the
basic components and characteristics of urban resilience and the sequence of the stages
and processes of urban resilience. In terms of the basic components of urban resilience,
Sun et al. [37], Zhang et al. [38], and Songj et al. [39] constructed an index system based on
the economy, society, ecology, and municipal infrastructure via geographic-information-
system (GIS)-based spatial analysis, the superposition function method, analytic hierarchy
process (AHP), and factor analysis method. The urban resilience of the Yangtze River Delta
and Guangzhou, China, was evaluated. Nadro et al. [40] proposed a composite index
construction method to evaluate the resilience of 50 cities in Spain from four aspects: social,
economic, ecological, and organizational aspects. In the index evaluation system based on
the characteristics of urban resilience, Heeksr et al. [41] considered the fairness of resilience
evaluation as the key point and proposed to evaluate whether the system could provide
equal rights and opportunities of resource utilization with two categories of index systems:
functional and enabling characteristics. Li Tongyue [42] applied the robustness, redundancy,
resourcefulness, and rapidity (4R) framework of Bruno to construct an evaluation system
for the response of a city to rain and flood damage. Parsons and Morley [43] evaluated
the characteristics of coping ability and adaptability, corresponding to the different stages
at which resilience plays a role. Based on the process sequence of the various resilience
stages as the core, according to the disaster-prevention stage, disaster-absorption stage,
and system-recovery stage, Chen Changkun et al. [44] established an evaluation system of
urban resilience within the context of rain and flood disasters, starting from three attributes
of urban resistance, resilience, and adaptability.Bruno et al. [45] reported that the resiliency
state of urban communities after an earthquake could be represented by the change in
infrastructure functionality over time.

In summary, current scholars have achieved fruitful results in resilient cities. However,
due to the late start of resilient cities, existing researchers tend to explore the concepts
and theories of urban resilience. There are few comprehensive evaluations, the evaluation
methods are not systematic enough, and there are fewer discussions on the factors affecting
resilient cities. In terms of evaluation objects, most scholars have conducted more resilient
city evaluations on cities and regions with high economic levels, and relatively little
attention has been paid to the research on resilient cities in inland provinces. Therefore,
compared to the above existing research, the main contributions of this paper include the
following: (1) this study is the first to comprehensively and systematically consider the
spatial and temporal distributions of urban resilience characteristics and their influencing
factors in Henan Province, China. (2) In terms of research methods, the combination of
the improved entropy method with the addition of time variables and the spatial Durbin
model (SDM) constitutes a major innovation in current urban resilience research techniques.
(3) In terms of the research depth, many scholars have focused on comprehensive urban
resilience evaluation or the analysis of spatial–temporal evolution characteristics. In this
paper, the spatial pattern of urban resilience in a specific region and its influencing factors
are analyzed from the perspective of the urban endogenous development capacity and
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optimization of the spatial pattern of overall regional development. (4) In terms of research
objects, Henan Province, as a major province in China’s inland economy and the core
province of China’s strategy to revitalize the Central Plains, is a typical representative of
China’s inland cities. The research on the quality development of its new urbanization
and the improvement of urban resilience level has certain typicality and reference value.
Given these considerations, this paper adopts 18 cities in Henan Province from 2009 to 2018
as the research object, and the entropy method, Theil index, and exploratory spatial data
analysis (ESDA) are employed to evaluate and analyze regional differentiation patterns
in space and time. Moreover, the influencing factors of the resilience of Henan Province
cities are explored through the SDM to strengthen their capacity to mitigate disasters and
enhance the resilience of cities in the Central Plains of China. The analysis and findings of
this study have important methodological significance for applying the resilient city theory
in practice.

3. Method and Data
3.1. Methodology
3.1.1. Entropy Weight Method

Entropy is a physical concept in thermodynamics and was introduced into information
theory by Shen Nong, the father of information theory, and entropy has been widely applied
in many fields. According to the characteristics of entropy, the entropy method can be
used to judge the randomness and disorder of an event, as well as the degree of dispersion
of a certain index. If the degree of dispersion of the index is greater, the influence of the
index on the comprehensive evaluation is greater. Compared to the subjective weighting
evaluation method, such as the AHP and expert-scoring method, the entropy value method
can effectively avoid human interference, thereby objectively and accurately evaluating the
research object [46]. To realize comparison between different years, this paper improves the
traditional entropy method via the addition of time variables to ensure more comprehensive
and accurate evaluation of the research object. The specific steps are as follows:

1© The original matrix is constructed by selecting a years, n cities, and m indicators,
where xaij is the value of the j-th indicator of city i in the a-th year (i = 1, 2... n; j = 1, 2... m).

2© The index data are standardized to unify data of different dimensions and orders
of magnitude.

Positive indicators: Yij =
xij−min(xi)

max(xj)−min(xj)
Negative indicators:

Yij =
max

(
xj
)
− xij

max
(

xj
)
−min

(
xj
) (1)

In Equation (1), Yij is the standardized index value, xij is the original data of the j-th
index of the i-th city, and max(xj) and min(xj) are the maximum and minimum values,
respectively, of the j-th index.

3© The index weight is calculated. The proportion of the i-th city in the j-th index is
determined as follows:

Pij =
xij

∑n
i=1 xij

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

4© The information entropy value of the j-th index ej is obtained as:

ej = −k ∑n
i=1 pij ln

(
Pij

)
, fork > 0, k =

1
ln(n)

, and ei ≥ 0 (3)

5© The difference coefficient of the j-th index is calculated as:

gj= 1− ej (4)
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6© The index weight value wi is computed as:

wj =
gj

∑m
j=1 gj

(j = 1, 2, . . . , m) (5)

7© The comprehensive score Sj is calculated as:

Sj = ∑m
j=1 wj·Pij (j = 1, 2, . . . , m) (6)

3.1.2. Theil Index Model

The Theil index is a special form of the generalized entropy (GE), which was originally
adopted by Theil to measure and calculate income differences between countries [47] and
has since been widely applied in regional comparisons of different dimensions. The Theil
index is mainly used to measure the level of regional differences. Compared with the Gini
coefficient, the index has the advantage of being able to decompose regional differences and
more clearly the sources of regional differences. The index decomposes overall regional
differences into intragroup and intergroup differences and more intuitively reveals the
variation trend and range of regional differences and the importance and contribution
rates of these two differences to the overall differences. In this paper, the Bourguignon,
Cowell, and Shorrocks Theil Index (TL) and its corresponding decomposition method were
employed to describe the spatial disequilibrium characteristics of urban resilience in Henan
Province. The overall Theil index of the urban resilience difference can be expressed as:

T =
1
n ∑n

i=1
yi
y

log
(

yi
y

)
(7)

Based on measurement of the overall Theil index of regional resilience differences,
these differences are decomposed into intraregional intragroup and interregional differ-
ences, as expressed in Equations (8) and (9), respectively:

Tw = ∑m
k=1

(
nk
n

yk
y

)
TLk (8)

Tb = ∑m
k=1

nk
n

(
yk
y

)
log

(
yk
y

)
(9)

In the above equation, T is the total Theil index, yi is the resilience level of the i-th
city, y is the variable average value of all cities, n is the number of cities, m is the number
of regional cities, nk is the number of cities in the k region, and Tw and Tb denote the
intraregional and interregional differences, respectively, in the Theil index. In addition,
Tw/T is considered to represent the contribution rate of the intraregional differences to the
overall regional differences. Similarly, Tb/ T is determined to represent the contribution
rate of the interregional differences to the overall regional differences.

3.1.3. Exploratory Spatial Data Analysis

Exploratory Spatial Data Analysis(ESDA) refers to the combination of maps, charts,
graphs, and other visualization techniques with spatial statistics theory without any prior
judgments or assumptions on the data to diagnose whether the data results have relevant
characteristics to reveal the spatial interaction mechanism among research objects. Global
and local spatial autocorrelation aspects constitute comprehensive spatial autocorrelation
analysis. That is, it is used to test whether a phenomenon in geographic space and the
attribute values of its neighboring units are significantly related or present a certain spatial
distribution pattern [48].

(1) Global spatial autocorrelation
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The global spatial autocorrelation can describe whether the urban resilience level
exhibits agglomeration or diffusion distribution in the overall space, which can be realized
by calculating the global Moran index. The global Moran index can be defined as follows:

I =

n
∑

i=1

n
∑
j 6=i

Wij(xi − x)

S2
n
∑

i=1

n
∑

j=1
Wijxixj/

n
∑

i=1

n
∑

j=1
xixj

(10)

where n is the number of cities, xi and xj denote the variable values of the i-th and j-th
cities, respectively, and wxj is the spatial weight matrix. Moreover, Moran’s I ∈ (−1,1).
For Moran’s I > 0, the spatial agglomeration characteristics of the urban resilience level in
Henan Province are obvious. When Moran’s I = 0 or approaches 0, the spatial correlation of
the urban resilience level in Henan Province is not relevant, or the correlation characteristics
are weak, respectively. Moran’s I < 0 indicates that the urban resilience level in Henan
Province exhibits a negative spatial correlation. The smaller the I value is, the stronger the
spatial differentiation characteristics.

(2) Local spatial autocorrelation
To compensate for the shortcomings of global autocorrelation analysis and consider

the complexity of spatial overflow, Anselin (1995) first proposed local spatial autocorre-
lation analysis or the local indicators of spatial association (LISA) method to analyze the
local characteristics of the spatial association [49]. The local Moran index can be defined
as follows:

Ii =
xi − x

S

n

∑
j=1

Wij(xi − x) (11)

If the Ii value is positive and passes the significance test, this indicates spatial agglom-
eration of regional units with similar values (high–high (HH) or low–low (LL)). If the Ii
value is negative and passes the significance test, this indicates spatial agglomeration of
regional units with nonsimilar values (high–low or low–high).

3.1.4. Spatial Measurement Model

Spatial econometrics was a branch of econometrics that appeared in the middle and
late twentieth century. Spatial econometric models mainly consider the spatial effect of
an economic phenomenon or an attribute value with the same phenomenon or attribute
value on the neighboring spatial units and carry out a series of model settings and testing
of econometric modeling methods [50]. Spatial econometrics assumes that the value of a
geoeconomic phenomenon or attribute of a spatial unit in one region is correlated with the
same phenomenon or attribute of a spatial unit in a neighboring region. This theory of
spatial correlation moves away from the traditional assumptions of classical econometrics.
This approach improves the general linear regression model (ordinary least squares (OLS))
by considering the spatial correlation between independent and dependent variables,
thus resulting in more precise regression coefficients. There are three types of spatial
econometric models: the spatial lag model (SLM), spatial error model (SEM), and SDM.
The SLM indicates that the explanatory variables of a given spatial cell are influenced by the
explanatory variables of neighboring spatial cells. The SEM indicates the extent to which
the influence of neighboring spatial units on the error of a variable affects observations in
the region. The SDM combines the characteristics of the SEM and SLM. The panel model
expressions are as follows:

yit = δ∑N
j=1 Wijyjt + Xitβ+ µi + εit εit ∼ N

(
0,σ2In

)
(12)

yit = Xitβ + µi +ϕit, ϕit = λ∑N
j=1 Wijϕit + εit (13)
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yit = δ∑N
j=1 Wijyjt +Xitβ +∑N

j=1 WijXjtγ + µi + εit (14)

In the above expressions, i and t are the cross-sectional and temporal dimensions,
respectively; δ is the spatial lag autocorrelation coefficient, which measures the influence of
the observations of neighboring units on the observations of the considered spatial unit;
ϕit is the spatial error term; λ is the spatial error coefficient, which measures the influence
of the error term of neighboring spatial units on the error term of the considered spatial
unit; N is the number of spatial units; and W is the spatial weight matrix. λ and β denote
the unknown coefficients, and the hypothesis test of H0: γ = 0 tests whether the model can
be reduced to an SLM, and the hypothesis test of H0 : γ+ δβ = 0 assesses whether the
model can be reduced to an SEM.

3.2. Indicator System
3.2.1. Index System Construction

According to the above understanding of the basic concept, connotation, and theo-
retical basis of urban resilience, urban resilience refers to the degree to which an urban
system can withstand and absorb the influence of various uncertain factors, as well as the
ability to adapt, recover, and learn in response to disturbances. Regarding the construction
of the evaluation index system of urban resilience level in Henan Province, the author
has combed and collected urban resilience evaluation index systems at home and abroad
(as shown in Table 1), taking into account the differences in urban development levels in
Henan Province and the data available based on the degree of difficulty; the indicators
are selected based on the principles of systematicity, scientificity, representativeness, and
accessibility. This paper drawd on the urban resilience evaluation index system constructed
by Yi Wu et al [51]. and Zheng Yan et al [52]. and established a total of 23 specific indicators
to measure the level of urban resilience in Henan Province in four dimensions: economic
resilience, social resilience, ecological resilience, and infrastructural resilience. From the
perspective of economic resilience, economic resilience is mainly reflected in the stability
and adaptability of the urban economic base and industrial structure when the system
is disturbed by economic factors, including individuals, families, and enterprises [20].
In general, the higher the economic strength of a given city is, the more abundant the
resources available for mobilization and the higher the ability to resist risks. To accurately
reflect the vitality and strength of the urban economy, this paper adopts five economic
indicators: the per capita GDP, public financial revenue, total utilized foreign capital, per
capita disposable income of urban residents, and proportion of the output values of the
secondary and tertiary industries in the GDP. From the perspective of social resilience,
social resilience is largely reflected in the ability of an urban system to manage regional
risks, which is closely related to social security services, social capital, and the individual
development potential of a city [53]. Generally, a high level of social resilience can properly
offset the external pressure exerted by the social environment and enhance the ability
of a city to resist risks [54]. To better reflect and evaluate the social resilience of cities,
seven social indicators are adopted in this paper: the urban registered unemployment rate,
number of college students per 10,000 people, number of health workers per 10,000 people,
proportion of the social security expenditure and employment in the fiscal expenditure,
internet penetration rate, total postal and telecommunications services per capita, and
medical insurance participation rate. From the perspective of ecological resilience, ecolog-
ical resilience refers to the reorganization of the urban system to a stable state when the
urban system responds to accidental and nonlinear risks, which focuses on the coordinated
development of human and environmental systems [26]. The higher the degree of urban
ecological resilience, the greater the ability of an ecosystem is to resist risks. To scientifically
evaluate the ecological resilience of cities, seven ecological indicators are adopted in this
paper: the green coverage in built-up areas, per capita green area, the comprehensive
utilization rate of industrial solid waste, wastewater discharge per unit industrial output
value, smoke and dust discharge per unit industrial output value, sewage treatment rate,
and harmless disposal rate of domestic waste. From the perspective of infrastructural
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resilience, engineering resilience refers to the ability of infrastructures, such as water, roads,
electricity, and networks, to support the development of modern cities to ensure minimal
losses or reach another stable state when impacted by extreme events and disasters. As
an important guarantee for the normal operation of the main urban body, engineering
facilities can improve the technology and durability of the disaster-bearing body to a certain
extent by strengthening the redundancy of engineering facilities. To accurately evaluate
the urban engineering resilience, five engineering indicators are adopted in this paper: the
urban drainage pipe density, number of buses owned per 10,000 people, urban per capita
electricity consumption, and gas penetration rate. As shown in Table 2.

Table 1. Collection of relevant urban resilience evaluation index systems at home and abroad.

Research
Perspective

First-Level Index
Selection Selection of Secondary Indicators Literature Source

Evaluation of
Rural Social
Resilience

Economic resilience,
social resilience, and
ecological resilience

Proportion of per capita income of farmers, yield of
economic crops, proportion of party members

Jianhong Fan et al.
(2021) [55]

Proportion of migrant workers, proportion of cultural relics

Area proportion of cultivated land, area proportion of forest
land, area proportion of ponds

Evaluation of
Urban Resilience in
the Yellow River
Basin

Economic resilience,
social resilience,
ecological resilience,
and
infrastructural
resilience

GDP per capita, per capita fiscal expenditure, the
proportion of tertiary industry in GDP, per capita savings
deposit balance, per capita investment in fixed assets,
number of industrial enterprises above designated size

Yu Chen et al.
(2021) [56]

Number of college students per 10,000 people, number of
hospital beds per 10,000 people, average salary of
employees, proportion of employment in tertiary industry,
number of registered unemployed persons in urban areas,
health technicians per 10,000 people

Park green area per capita, green coverage rate in built-up
area, comprehensive utilization rate of industrial solid
waste, harmless treatment rate of urban domestic garbage,
industrial wastewater discharge per unit GDP, industrial
smoke and dust emissions per unit of GDP

Road area per capita, number of buses per 10,000 people,
density of urban drainage pipes, number of internet
broadband users, electricity consumption per capita,
number of mobile phone users at the end of the year

Evaluation of
China’s Resilience
Ability

Economic resilience,
social resilience,
ecological resilience,
and
engingeering
resilience

Dow Jones Sustainability World Index, GDP per square
kilometer, per capita GDP, per capita investment in fixed
assets, public budget expenditure, service output value
ratio, urbanization rate, economic growth

Yi Wu et al.
(2020) [51]

Internet penetration rate, labor productivity in the
construction industry, social resilience per capita disposable
income RMB, per capita living space (km)2/person, urban
unemployment rate, Engel coefficient, higher education rate,
number of doctors per ten thousand persons person, social
dependency

Rate Energy waste ratio, energy density, energy renewable
ratio, energy yield ratio, energy-based eco-efficiency
indicator, environmental load ratio

Ratioroad mileage per capita, density of highway network,
urban gas penetration rate, drainage density, safe drinking
water coverage
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Table 1. Cont.

Research
Perspective

First-Level Index
Selection Selection of Secondary Indicators Literature Source

About Beijing
Urban Resilience
Evaluation

Economic resilience,
social resilience,
ecological resilience,
and engineering
resilience

Per capita GDP, government fiscal spending per capita, level
of urbanization, population density in built-up areas,
percentage of climate disaster economic loss in
GDP, urban per capita disposable income

Zheng Yan et al.
(2018) [52]

Ability for social development, percentage of population
receiving natural disaster relief fund, life expectancy,
insurance penetration and density, proportion of vulnerable
population (<16 or >60 years old), proportion of population
with minimum living standard, percentage of the
population with pension and property income, number of
resilient communities

Ratio of environmental expenditure to fiscal expenditure,
percentage of afforested area, number of days with good air
quality

Ability to manage urban risks, waterlogging points in urban
areas, traffic congestion index, public health facilities per
capita, broadcasting and television coverage

Evaluation of
community
resilience based on
natural disasters

Ecological, social,
economic, institutional,
infrastructure, and
community
competence

Wetlands acreage and loss, erosion rates, impervious
surface biodiversity, coastal defense structures

Cutter, S. L et al.
(2008) [29]

Demographics (age, race, class, gender, occupation, social
networks and social embeddedness, community
values-cohesion, faith-based organizations

Economic employment, value of property wealth
generation, municipal finance/revenues

Participation in hazard-reduction programs (NFIP, Storm
Ready), hazard mitigation plans, emergency services,
zoning and building standards, emergency response plans,
interoperable communications, continuity of operations
plans

Lifelines and critical infrastructure, transportation network,
residential housing stock and age, commercial and
manufacturing establishments

Local understanding of risk, counseling services, absence of
psychopathologies (alcohol, drug spousal abuse), health
and wellness (low rates mental illness, stress-related
outcomes), quality of life (high satisfaction)

India Community
Resilience
Assessment

Physical, social,
economic, institutional,
and natural

Electricity, water, sanitation, and solid waste disposal,
accessibility of roads, housing, and land use

Jonas Joerin et al.
(2012) [57]

Population, health, education and awareness, social capital,
community preparedness during a disaster

Employment, finance and savings budget and subsidy,
income, household assets

Mainstreaming of DRR and CCA, effectiveness of zone’s
crisis management framework, knowledge dissemination
and management, institutional collaboration with other
organizations and stakeholders, good governance

Ecosystem services, land use in natural term, environmental
policies, intensity/severity of natural hazards, frequency of
natural hazards
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Table 2. Urban resilience index evaluation system and weight.

Target Layer Dimension Layer Weight Index Layer Weight

Urban resilience
level

Economic
resilience

0.306

Per capita GDP (yuan/person) [58] 0.040
Public financial revenue (100 million yuan) [55] 0.132

Total actual utilization of foreign investment (USD 10,000) [59,60] 0.087
Per capita disposable income of urban residents (yuan) [55] 0.034

Ratio of the output values of the secondary and tertiary industries
in the GDP (%) [56] 0.013

Social resilience 0.425

Urban registered unemployment rate (%) [59] 0.040
Number of regular colleges and universities per 10,000 people [60] 0.117

Health personnel per 10,000 people (person) [56,61] 0.015
Social security expenditure and employment as a proportion of

the government expenditure (%) [58] 0.019

Internet penetration rate (%) [62] 0.040
Total postal and telecommunications services per capita

(RMB/person) [56] 0.084

Health insurance participation rate (%) [52] 0.111

Ecological
resilience

0.106

Green coverage rate in built areas (%) [61] 0.005
Green area per capita (m2) [63] 0.056

Comprehensive utilization rate of industrial solid waste (%) [64] 0.017
Wastewater discharge per unit of the industrial output value

(ton/ten thousand yuan) [64] 0.006

Discharge of smoke and dust per unit of the industrial output
value (ton/ten thousand yuan) [64] 0.008

Sewage treatment rate (%) [62] 0.007
Harmless disposal rate of domestic waste (%) [59] 0.007

Infrastructural
resilience

0.163

Density of urban drainage pipes (m/km2) [64] 0.025
Number of buses owned per 10,000 people [58] 0.066

Urban per capita electricity consumption (kW·h/person) [65] 0.062
Gas penetration rate (%) [58] 0.010

3.2.2. Study Area

Henan Province is located in the Central Plains region and has significant geographical
advantages. It is an important comprehensive transportation hub and an information
flow center for people and logistics in the country. It is rich in natural resources and
is an important food province in China. This paper chooses Henan Province and its
18 prefecture-level cities as the research object. The typical characteristics of the selected
research object are as follows: first, the urbanization rate in China reached 59.58% in 2018,
and the urbanization rate in Henan Province reached 53.21%, ranking first in China in
terms of urbanization rate growth. Second, in 2018, the total population of China reached
1.39538 billion people, and the total population of Henan amounted to 109.06 million
people, ranking third in China in terms of permanent residents, thus making it the province
with the largest population. Third, the GDP of Henan Province has remained at the
forefront of China for a long time, but the per capita GDP ranks at the middle level in
China, which is similar to the GDP status of China in the world. Fourth, the overall level of
economic and social development in Henan Province is relatively high, but from a deeper
level of research and analysis, Henan Province is still facing serious development crises
in the process of urban development, such as environmental pollution, traffic congestion,
low quality, and competition. Problems such as lack of strength, slow development speed,
and unbalanced development have caused Henan Province to still have a relatively large
gap with other economically developed provinces despite its remarkable achievements in
economic development. Since the founding of New China 70 years ago, under the guidance
of the national strategic thinking of “three-line construction” and “two overall situations”,
the rise of central China, the construction of “One Belt and One Road”, the construction of
urban agglomerations, and the construction of national central cities, Henan Province has
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been a key national guide and one of the important provinces cultivated as a representative
province in the central region. Its spatial structure is unique, and it plays a decisive role
in the spatial balance strategy implemented by the country. This article comprehensively
evaluates the urban resilience level of Henan Province as a whole and the three major
regions and prefectures from the perspective of spatial structure. It is of great strategic
significance for enhancing the urban competitiveness of Henan Province, implementing
the strategy for the rise of central China, and providing a reference for other inland cities.

According to the Central Plains Urban Agglomeration Development Plan, the
18 prefecture-level cities in Henan Province are divided into three major areas: the Zhengzhou
metropolitan area, core development area, and linkage radiation area [66]. Among these
areas, the Zhengzhou metropolitan area includes five prefecture-level cities, namely,
Zhengzhou, Kaifeng, Xinxiang, Jiaozuo, and Xuchang. The core development area includes
seven prefecture-level cities, namely, Luoyang, Pingdingshan, Hebi, Luohe, Shangqiu,
Zhoukou, and the Jiyuan Demonstration Area (hereinafter referred to as Jiyuan). The link-
age radiation area includes six prefecture-level cities, namely, Anyang, Puyang, Sanmenxia,
Nanyang, Xinyang, and Zhumadian. The specific distribution is shown in Figure 1.
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3.2.3. Data Sources

Considering the availability, authenticity, and integrity of the data, this paper selected
2009 to 2018 as the study period. The evaluation data originated from the Henan Statis-
tical Yearbook (2009–2018), Statistical Yearbook of Chinese Cities (2009–2018), Statistical
Yearbooks of Cities in Henan Province, Statistical Bulletin on the National Economic and
Social Development of Each City, and Work Reports of the Municipal Governments. The
relative economic data were debugged, and an interpolation method was adopted to
supplement the original data due to the absence of individual data in certain years. To elim-
inate the difference in dimensions between the data, this paper adopted grade-difference
standardization to achieve dimensionless processing of the original data.

4. Results

Based on the above research and analysis, this paper draws the following conclusions:
First, through the comprehensive measurement of urban resilience, it can be seen

that in 10 years, the resilience of cities in Henan Province has shown an upward trend.
Compared with the end of the period, the overall resilience level has increased in the
initial year, but the absolute value was relatively small. In terms of the three major regions



Sustainability 2021, 13, 12460 13 of 26

in Henan Province, the urban resilience level of the Zhengzhou metropolitan area was
much higher than the average level of the province’s core development areas and linkage
radiation areas. The core development areas were consistent with the province’s resilience
development trend, and the linkage radiation areas were the lowest.

Secondly, the resilience of urban resilience subsystems in Henan Province shows a
wave-like trend, and the overall resilience level and the resilience level of each subsystem
have increased, and the growth rate was more obvious. Comparing the four major sub-
systems, the economic resilience level was the highest in the examined years, the trend
was consistent with the overall resilience level, and the engineering resilience was the
lowest. On the whole, social resilience has increased the most, while ecological resilience
and engineering resilience have increased, but the overall magnitude was not large.

Third, according to the Thayer index and decomposition results, the degree of internal
imbalance in the overall resilience of the whole city shows a curvilinear downward trend
within the year of examination, with a significant reduction in the overall difference
between the initial year and the end year, and the largest decrease in the Thayer index in
2017, with a 74% decrease compared to 2016.

Fourth, from the perspective of spatial correlation analysis, the Moran Index indicated
that the urban resilience level of Henan Province showed a significant positive spatial auto-
correlation. The urban resilience spatial agglomeration characteristics of Henan Province
are obvious, and the distribution of cold and hot spots is uneven. On the whole, the
urban resilience HH clusters (high-efficiency type) in Henan Province were concentrated in
Zhengzhou, Luoyang, and Jiaozuo (central Henan, western Henan), while the LL clusters
(low-efficiency type) were distributed in Zhumadian and Xinyang (southern Henan), which
was consistent with the first verification result. There were no HL aggregation (polarized)
types and LH aggregation (hollow) state.

Fifth, in the evaluation of the influencing factors of urban resilience in Henan Province,
because the urban resilience of Henan Province was affected by the explanatory variables
and their lags, as well as some unobservable errors, the fixed-effect spatial Dubin model was
selected for simulation. Among the six influencing factors of urban resilience selection in
Henan Province, the local effects and spatial spillover effects of innovation, market power,
and industrial structure on the overall resilience of the city were all positive; that is, these
factors have a significant positive impact on the improvement of urban resilience in Henan
Province. While the urbanization rate and administrative power had a positive impact
on local resilience, they also showed a negative spillover response to the neighborhood.
Only the openness failed the significance test and had a local effect on urban resilience. The
spatial spillover effects of the neighborhood and the neighborhood were both negative.

5. Discussion
5.1. Temporal and Spatial Evolution Patterns of City Resilience in Henan Province
5.1.1. Spatial and Temporal Evolution of Urban Resilience in Henan Province

Based on the resilience development trend in the three major regional cities of Henan
Province, the overall resilience level in the considered Henan Province cities is low, but a
trend of sustained growth is observed. As shown in Figure 2, the overall urban resilience
level in Henan Province rose from 0.104 in 2009 to 0.412 in 2018, an increase of 0.308 over
10 years, at an average annual growth rate of 29.6%, indicating that the urban resilience in
Henan Province exhibited an overall increase in characteristics since 2009. This occurred
due to the Henan Provincial Government’s emphasis on sustainable and healthy urban
development over the past 10 years and the successive promulgation of policies aimed at
the construction of high-quality cities, which created many dividends for urban resilience
enhancement in Henan Province. However, the overall urban resilience in Henan Province
from 2009 to 2018 reached a low level of 0.233, which remains far from the effective frontier,
indicating that the urban resilience level in Henan Province should be improved. The urban
resilience level in Henan Province in 2017 experienced a relatively large-scale increase,
which was mainly attributed to the official issuance and implementation of the Central
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Plains City Cluster Development Plan in 2016 to encourage the advancement of the central
region and promote the scientific development of the Central Plains City Cluster, which
provided important strategic support, guaranteed urban resilience development in Henan
Province, and effectively facilitated a notable increase in urban resilience. Moreover, this
was inseparable from the improvement in the economic development level, the progress of
science and technology, and the strengthening of the eco-environmental protection concept
in recent years.
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Figure 2. Overall urban and subsystem resilience levels in Henan Province from 2009 to 2018.

Table 3 indicates that, in general, the overall resilience level and the resilience level of
each subsystem increased during the initial year and by the end of the period from 2009 to
2018, and growth was more obviously encountered, indicating that the overall situation
of urban resilience development in Henan Province was suitable. Specifically, in regard
to each subsystem, the economic resilience level (0.0767) was the highest, followed by the
social resilience level (0.0733). The economic and social resilience level indicated a steady
growth trend and basically agreed with the overall urban resilience level in Henan Province.
The levels were consistent, indicating that these two subsystems are the key factors pro-
moting the overall resilience of Henan cities. In addition, the ecological resilience level
(0.0465) ranked third, and the engineering resilience level (0.0369) ranked at the bottom.
The advancement of ecological and engineering resilience lagged, which has become a
bottleneck in the development process of urban resilience in Henan Province. On the whole,
although the ecological and engineering resilience levels increased, the overall extent was
limited. This yielded a small contribution to the improvement in the urban resilience
development level in Henan Province; much room for future improvement remains.
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Table 3. Overall urban resilience and subsystem resilience scores in Henan Province from 2009
to 2018.

Year Overall Resilience
Subsystem Resilience

Economic
Resilience

Social
Resilience

Ecological
Resilience

Engineering
Resilience

2009 0.1041 0.0163 0.0293 0.0337 0.0248
2010 0.1555 0.0340 0.0490 0.0413 0.0312
2011 0.1682 0.0499 0.0434 0.0427 0.0322
2012 0.1875 0.0627 0.0479 0.0433 0.0336
2013 0.2104 0.0763 0.0506 0.0475 0.0359
2014 0.2218 0.0885 0.0509 0.0466 0.0358
2015 0.2420 0.0968 0.0599 0.0487 0.0365
2016 0.2637 0.1035 0.0715 0.0531 0.0355
2017 0.3696 0.1131 0.1547 0.0508 0.0511
2018 0.4120 0.1261 0.1760 0.0577 0.0522

Mean 0.2335 0.0767 0.0733 0.0465 0.0369

5.1.2. Spatial Evolution Pattern

From the perspective of the overall development trend of the urban resilience level in
Henan Province (as shown in Figure 2), the resilience levels of the cities in the three major
regions exhibit notable differences, but they all indicate an upward development trend.
From 2009 to 2017, the average urban resilience levels in the Zhengzhou metropolitan area,
core development area, and linkage radiation area are 0.340, 0.255, and 0.216, respectively,
and the resilience level in the Zhengzhou metropolitan area is higher than the average
level in the core development area, linkage radiation area, and province, and the lowest
resilience level is observed in the linkage radiation area. This is closely related to the
regional economic development level. The Zhengzhou metropolitan area is the core area
of the Central Plains urban agglomeration and integrates economy, culture, industry,
and population as the center. The urban infrastructure is complete, social resources are
abundantly available, and the medical system and urban functions are comprehensive, so
this area is resilient. The level is relatively high. From the perspective of the growth rate, the
resilience level in the Zhengzhou metropolitan area rose from 0.218 in 2009 to 0.572 in 2018,
an average annual growth rate of 16.2%. The resilience level in the core development area
increased from 0.169 in 2009 to 2018 0.441, an average annual increase rate of 16.1%. The
resilience level in the linkage radiation area increased from 0.134 in 2009 to 0.405 in 2018, an
average annual increase rate of 20.2%. At present, the growth rate of the resilience level in
the linkage radiation area is higher than that in the Zhengzhou metropolitan area and core
development area, reflecting that the linkage radiation area exhibits a good development
momentum, but the overall resilience level in the region remains lower than the national
average level. The main reason is that the economic foundation of the linkage radiation
area is poor, and the urban development level is relatively lagging due to the influence of
various factors, such as natural variables, human factors, and historical conditions.

To further analyze the spatial differences in urban resilience across Henan Province, the
Theil index is adopted to decompose the urban resilience in Henan Province (as presented
in Table 4). In general, the regional difference in urban resilience across Henan Province
exhibits a development trend of increasing and then decreasing, from 0.0426 in 2009 to
0.0266 in 2018, a decrease of 60.15%. Furthermore, core-edge spatial structure characteristics
of the urban resilience in Henan Province are observed, but the overall difference is greatly
reduced. From 2016 to 2017, the overall city-level Theil index dropped the most, by
74.5% below the 2016 level, mainly due to the implementation of the 2016 Central Plains
Urban Agglomeration Development Plan, which provided a great opportunity to reduce
regional differences in Henan Province. Strategic guidance and policy support could
promote more coordinated and harmonious development of the Central Plains urban
agglomeration. According to the decomposition results, the regional and interregional
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differences in urban resilience across Henan Province were similar to the overall differences,
but the intraregional differences always exceeded the interregional differences. The average
contribution rate of the intraregional differences from 2009 to 2018 reached 70.93%. The
contribution rate was much higher than that of the interregional differences (29.06%). It
could be concluded that the intraregional differences were the main cause of the regional
differences in urban resilience across Henan Province.

Table 4. Decomposition of the Theil index of the urban resilience in Henan Province from 2009 to 2018.

Year Overall Regional
Differences

Intraregional
Differences

Contribution Rate of
the Intraregional
Differences (%)

Interregional
Differences

Contribution Rate of
the Interregional
Differences (%)

2009 0.0426 0.0303 71.10 0.0123 28.90
2010 0.0384 0.0282 73.48 0.0102 26.52
2011 0.0433 0.0311 71.84 0.0122 28.16
2012 0.0450 0.0315 69.94 0.0135 30.06
2013 0.0441 0.0314 71.10 0.0127 28.90
2014 0.0460 0.0315 68.53 0.0145 31.47
2015 0.0468 0.0309 66.17 0.0158 33.83
2016 0.0466 0.0337 72.29 0.0129 27.71
2017 0.0267 0.0195 72.80 0.0073 27.20
2018 0.0266 0.0191 72.08 0.0074 27.92

Mean 0.0406 0.0287 70.93 0.0119 29.06

5.2. Spatial Correlation Analysis of the Urban Resilience in Henan Province

To further explore the spatial agglomeration characteristics of urban resilience in
Henan Province, GeoDa software was employed to determine the global Moran index
(Moran scatter plot) and local Moran index (LISA cluster plot). The calculation results are
provided in Table 5 and Figure 3.

Table 5. Moran’s index of the urban resilience in Henan Province from 2009 to 2018.

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Moran’s I 0.155 0.168 0.137 0.127 0.113 0.094 0.087 0.060 0.068 0.066
z-value (variance) 2.364 2.387 2.263 2.204 2.107 2.115 2.133 1.835 1.839 1.847

p-value 0.01 0.02 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05

The results are listed in Table 5. The Moran index of the urban resilience level in Henan
Province from 2009 to 2018 was positive, and all values passed the 95% significance level
test, indicating that the urban resilience level in Henan Province attained a significantly
positive spatial autocorrelation. The spatial distribution of the urban resilience level was
not random but demonstrated a certain agglomeration effect. In particular, areas with high
urban resilience levels were adjacent to other high-level areas, and areas with low urban
resilience levels occurred adjacent to other low-level areas. Compared to 2009, the Moran
index has decreased in recent years, reflecting differentiation in the spatial pattern of urban
resilience development in Henan Province.

As shown in Figure 4, the Moran index of the urban resilience level in Henan Province
in 2018 reached 0.066, which indicates that there was a positive spatial correlation in the
urban resilience development level among the 18 prefecture-level cities in Henan Province.
To more intuitively reflect the urban resilience clustering degree in Henan Province in 2018,
a dynamic distribution table was compiled based on the distribution of prefecture-level
cities (Table 6). According to the Moran scatter diagram, the urban resilience level in Henan
Province exhibits a significant dual spatial structure, namely, the Zhengzhou metropolitan
area and core development area are mainly concentrated in the HH and HL quadrants.
The radiation area largely occurs in the LL quadrant, and a positive spatial correlation
is observed, but there is no clear spatial correlation between the cities. As the urban
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development planning system and space management system in Henan Province are not
yet mature, there remains room for the coordinated development of the various regions,
indicating that there is still a long way to go to promote coordinated urban resilience
development in Henan Province in the present and in the future.
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Table 6. The urban resilience level of Henan Province fell into the quadrant in 2018.

Fall into the Quadrant. Area

H-H Luoyang, Zhengzhou, Jiaozuo, and Xinxiang
H-L Sanmenxia, Pingdingshan, Jiyuan, Xuchang, and Kaifeng

L-L Anyang, Shangqiu, Zhumadian, Nanyang, Hebi, Puyang,
Xinyang, and Zhoukou

L-H None

The global Moran index can analyze the degree of spatial agglomeration of the urban
resilience level in Henan Province as a whole and can better reveal the spatial characteristics
of the urban resilience level in Henan Province, effectively distinguishing the degrees of
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local spatial agglomeration and dispersion and explore local spatial development mod-
els. The local Moran index is considered for measurement purposes. GeoDa software
was adopted for calculation and to generate a LISA cluster map of the urban resilience
level in Henan Province to reflect the autocorrelation degree between regions. In this
study, we selected the four years of 2009, 2012, 2015, and 2018 to reveal the temporal and
spatial evolution characteristics of the local spatial agglomeration of the urban resilience
level in Henan Province. As shown in Figure 5, urban resilience level agglomeration in
Henan Province from 2009 to 2017 mainly occurred as HH and LL agglomerations, among
which Zhengzhou, Luoyang, and Jiao in the Zhengzhou metropolitan area were HH ag-
glomerations, indicating that these cities possessed a better development foundation and
long-term economic leadership, while the economic development level directly affected
infrastructure and social development optimization and enhancement. Coupled with the
implementation of policies such as urban ecological management and regional coordinated
governance measures in recent years, the overall regional urban resilience was high. The
LL agglomeration area was largely distributed in the linkage radiation area encompassing
Zhumadian, Luohe, Xinyang, etc. These cities are located in the eastern and southern parts
of Henan Province, mostly agricultural areas with a relatively low economic development
level, poor social development conditions, and weak regional thematic functions. Coupled
with the crude resource extraction method, the urban resilience level in the region was low.
Therefore, the driving effect among the cities in the region occurring in the LL quadrant
was not obvious. In addition, the number of cities in the low–high and high–low quadrants
was zero, which indicates that the spatial heterogeneity in the urban resilience level in
Henan Province was not notable.

5.3. Analysis of the Influencing Factors of the Urban Resilience in Henan Province

Through the above correlation test, it was found that no spatial correlation occurred
in the urban resilience in Henan Province, and to further reveal the influencing factors
of the urban resilience level in Henan Province, a spatial econometric model was applied
in regression analysis in MATLAB 2019 software. Based on the principles of operability,
science, and orientation of variable selection, six aspects highly relevant to urban resilience
were selected as explanatory variables considering existing studies. 1© Urbanization rate
(URB). Urbanization can create suitable objective conditions, such as a market, technology,
and capital, and the urbanization level directly affects the degree of urban resilience de-
velopment. The urbanization rate of the household population is adopted as a measure
of the urbanization rate. 2© Administrative power (GOV). The degree of infrastructure
improvement in cities is an important criterion of the urban resilience level. Moreover,
urban infrastructure development cannot be achieved without the financial support of
the government, and the general public expenditure is therefore chosen as a measure of
the administrative power of the government. 3© Openness (OPE). The openness level of a
city affects its industry, technology, employment, etc. Openness is an important factor in
enhancing the vitality of the city. The amount of foreign capital used is selected to measure
the openness level. 4© Innovation (INN). The urban innovation ability is the eternal driving
force of the sustainable development of a city, and urban innovation is highly important to
promote the transformation of the city from an industrial production base to an innovation
base. The number of patent applications (pieces) is selected to measure the innovation
ability. 5©Market power (MAR). The increase in marketization can stimulate the economic
growth process of the city to a certain extent and enhance the city’s vitality. The per capita
retail sales of consumer goods are selected as a measure of marketization. 6© Industrial
structure (IND). The adjustment of the industrial structure plays an important role in the
transformation of the economy of a given city. The development of the tertiary industry is
an important factor in the advancement of the industrial structure. The proportion of the
output value of the tertiary industry in the total industrial output value is selected to mea-
sure the industrial structure. The data employed for the above variables are retrieved from
the 2009–2018 Henan Provincial Statistical Yearbook and China City Statistical Yearbook.
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The formal test results for the model are listed in Table 7. The Hausman test demon-
strates that the model passes the 1% significance level test, and the null hypothesis is thus
rejected, indicating that the fixed-effects model is better than the random-effects model.
Then, after the Wald and log-likelihood ratio (LR) tests, it is found that in both tests, the
null hypothesis is rejected at the 10% significance level, which suggests that the SDM
cannot be decomposed into an SLM (spatial autoregressive (SAR) model) nor an SEM. This
further verifies that the urban resilience in Henan Province at the city scale is affected
not only by the explanatory variables and their lags but also by certain unobservable
error terms. Therefore, the SDM is chosen. Finally, according to the actual calculation
results, comparative analysis of the three fixed-effects SDMs (spatial fixed-effects, temporal
fixed-effects, and spatial and temporal dual fixed-effects models) reveals that the SDM
with spatial and temporal dual fixed effects attains the highest R-squared value (0.9917)
and the best goodness of fit. Hence, this paper selects the SDM with spatial and temporal
dual fixed effects to obtain the final simulation results.
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Table 7. Estimation results of the spatial Durbin model.

Variable Spatial Effects Temporal Effects Spatial and Temporal Dual
Effects

Coefficient T-Value Coefficient T-Value Coefficient T-Value

URB 0.631260 *** 2.800242 1.137301 *** 12.667972 0.550746 *** 2.898283
GOV 0.24704 *** 3.892801 0.108825 *** 3.405156 0.184577 *** 3.279818
OPE −0.008141 0.716516 −0.025937 * −1.827564 −0.004468 −0.447238
INN 0.022003 * 1.915606 0.033219 ** 2.063942 0.049402 *** 4.092026
MAR 0.663102 *** 4.275594 0.466824 *** 9.363179 0.816606 *** 5.842973
IND −0.175079 ** −2.229121 0.091639 1.371707 0.223963 *** 3.254567

W * URB −0.856805 * −1.698346
W * GOV −0.354607 * −2.546769
W * OPE −0.017814 −0.549207
W * INN 0.109710 *** 3.870069
W * MAR 1.093569 *** 3.188798
W * IND 0.154597 0.746214

W *dep.var 0.802987 *** 22.65956 0.342957 *** 5.164276 0.105996 1.119155
Hausman 28.2379 ***
R-squared 0.9893 0.9643 0.9917

Log-likelihood 269.32757 179.08951 314.29034
Wald test Spatial lag (21.7746 ***) Spatial error (24.8093 ***)

LR test Spatial lag (20.5054 ***) Spatial error (23.0478 ***)

Note: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively.

According to the estimation results in Table 6, (1) the local effect of the urbanization
rate on urban resilience is positive and passes the 1% significance test. This indicates that an
increase in the urbanization rate can promote regional economic development to a certain
extent, improve the transformation and upgrading of industrial development, increase the
industrial production efficiency, and provide a sustainable impetus for the development
of resilient cities. However, the spatial spillover effect of this indicator is negative at
the 10% significance level, which indicates that the siphoning effect of cities with a high
urbanization rate could cause the migration of people, capital, technology, information,
and other resources to cities with a high urbanization rate, and the development potential
of neighboring cities could be reduced due to the outflow of resources, which hinders
urban resilience improvement to a certain extent. (2) The administrative power variable
passes the 1% significance level test. This indicates that government financial support
is important in guiding resource factor allocation, infrastructure planning, and income
redistribution within cities, which is conducive to managing the improvement in the urban
resilience level in the right direction. However, this indicator also reveals a negative
spillover effect, which suggests that local governments, in the process of urban resilience
development promotion, focus excessively on the protection and development of cities
within their region to the exclusion of outside cities, thereby ignoring synergistic regional
development, which to a certain extent exerts downward pressure on the resilience of
neighboring cities. (3) The local and spatial spillover effects of the openness level on urban
resilience are both negative, and both fail the significance test. This indicates that Henan
Province, which is located in the Central Plains, is a largely agricultural province with a
low degree of openness to the outside world, and the effect of total real foreign capital
utilization on urban resilience improvement in Henan Province has not yet been fully
realized, but this does not suggest that the urban resilience improvement process in Henan
Province does not require openness to the outside world but rather reflects that the response
mechanism between urban resilience improvement in Henan Province and openness to
the outside world should be further enhanced. (4) The local and spatial spillover effects
of innovation on urban resilience are both positive, and both pass the 1% significance test.
Urban resilience improvement is inseparable from the driving effect of innovation factors.
The improvement of innovation capabilities can promote the optimization of the regional
industrial structure, enhance the economic growth vitality of the city, retain technical
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talent, and yield a positive spillover effect on the surrounding areas. Therefore, in the
process of advancing the construction of urban resilience, the improvement of innovation
capabilities should be prioritized. (5) The local and spatial spillover effects of market
forces on urban resilience are both positive at the 1% significance level, indicating that
the development of marketization in Henan Province helps to improve the resilience level
in local cities, and simultaneously, with the radiation and diffusion effects of the market,
leads to the improvement of the resilience level cities in neighboring regions. (6) The local
and spatial spillover effects of the industrial structure on urban resilience are positive, and
the local effect is significantly positive at the 1% level. The adjustment and optimization
of the industrial structure can boost the overall development of cities, especially in the
traditionally agricultural Henan Province. The increase in the proportion of the tertiary
industry basically agrees with the evolutionary pattern whereby the industrial structure
tends to be highly developed, which is compatible with the current development level of
the overall national economy.

In general, the urban resilience level of Henan Province has obvious characteristics
of cluster distribution and unbalanced spatial distribution and gradually shows the char-
acteristics of “core-periphery” in spatial changes. The reasons for this phenomenon are:
first, the natural geographical conditions and population distribution of various regions in
Henan Province are very different; second, since the founding of New China, especially
after the reform and opening up, the regional coordinated development strategy has been
implemented continuously, and the level of regional coordinated development in Henan
Province has been improving, and great achievements have been made in coordinating
urban and rural development, coordinating regional relations, optimizing spatial layout,
and promoting regional cooperation. The third is that sub-regional cooperation contin-
ues to increase, and urban connections are becoming closer. In 2017, the construction of
Zhengzhou, the capital city of Henan Province, was approved. During the rapid progress of
the Zhengzhou metropolitan area, sub-regional cooperation, including Zheng Kai, Zheng
Jiao, Zheng Xin, Zheng Xu, etc., has also accelerated, which has led to cooperation and
the interconnection of regional transportation, economy, trade, culture, and education.
Therefore, the concentration of production factors and industries makes the employment
opportunities, public services, and education levels of Zhengzhou and surrounding areas
in the east higher than other areas. As a result, although the southern and northern regions
of Henan Province have good ecological advantages such as agriculture, land, and minerals,
due to the high cost of resource output and lack of factor concentration, the industrial
advantage of regional industrial clusters cannot be formed in the short term. There are
also differences in economic, social, ecological, engineering (infrastructure), and other
aspects between regions. This degree of unbalanced development is the main reason for the
difference in elasticity index between regions. Therefore, in response to this phenomenon,
this article focuses on the analysis of the influencing factors of the urban resilience level
of Henan Province, from the six aspects of urbanization rate, administrative power, open
power, innovation power, market power, and industrial structure. The analysis of the
reasons for resilience results and the analysis of influencing factors explored in this ar-
ticle may provide references for other inland regions with comparable economic levels
and geographic locations. Among China’s 34 upgraded administrative regions, there are
12 inland provinces. As China’s population and food province, Henan Province is actively
promoting and exploring the construction of new urbanization. Assessing the regional
resilience of Henan Province can not only guide the social development and planning of
the region but also provide a wealth of practical cases for studying the regional resilience
of developing countries.

6. Conclusions and Recommendations
6.1. Conclusions

Based on the panel data of 18 cities in the YRB from 2009 to 2018, the temporal and
spatial differentiation characteristics of urban resilience in Henan Province were analyzed,



Sustainability 2021, 13, 12460 22 of 26

and a spatial measurement model was used to analyze the influencing factors of urban
resilience. The main conclusions are as follows: (1) the overall resilience in Henan Province
exhibits an evolutionary trend from a low level to a high level, but there are differences in
the growth rate and trend. The three major urban regions in Henan Province from 2009 to
2017 are ranked as the Zhengzhou metropolitan area, core development area, and linkage
radiation area. (2) The urban subsystem resilience in Henan Province reveals a growing
trend, and the order of the resilience of the four subsystems is economic resilience, social
resilience, ecological resilience, and engineering resilience. The overall resilience is mainly
driven by economic and social resilience. (3) In terms of the global spatial characteristics,
the Henan Province region exhibits a positive spatial correlation, and the urban resilience
level in Henan Province exhibits significant dual structural characteristics of the spatial
structure. (4) Among the influencing factors of the indicators of the urban resilience in
Henan Province, the overall local effects of the urbanization rate, administrative power,
innovation ability, market forces, and industrial structure factors are positive, and the
local effect of the openness level on the urban resilience is negative. The spatial spillover
characteristics of each influencing factor on the urban resilience in Henan Province are
significantly differentiated.

The shortcomings of the paper are: (1) the exploration of urban resilience in this paper
is at the preliminary stage. Since the academic community has not yet reached a consensus
on the basic connotation and evaluation criteria of urban resilience, future urban resilience
research will start more from the basic concept of urban resilience and explore the scientific
connotation and framework structure of urban resilience from a diversified and composite
perspective. (2) As the urban system and its resilience components are complex and diverse,
in addition to the contradiction between internal and external factors, there are many other
factors that affect system resilience, and each specific study is only discussed from a certain
aspect. The discussion in this article covers urban resilience from the four dimensions of
economy, ecology, society, and engineering and is more inclined to the discussion of the
macro-city system. However, in the selection of secondary indicators, due to the limitation
of data, the selection of indicators is mostly based on the data publicly announced by the
state. In addition, the community, policy system [67], cultural aspects [68], human quality,
and creativity are also important components of urban resilience, but these indicators are
not included in the indicator system due to the difficulty of obtaining data. In the future,
further research will be focused on the perfection of the indicator system. (3) The research
unit of this paper is the county and urban area, and the granularity of the unit is large, so
the precision of the research needs to be further improved, and the resilience level of cities
can be explored at the community and township levels in the future.

6.2. Policy Suggestions

Based on the above research results, this paper proposes the following policy recom-
mendations: (1) the development of new urbanization should be continuously promoted.
Henan Province, as a highly populated and agricultural and new industrial province,
exhibits a large gap between its urbanization level and the national level. Therefore, with
policy adjustment and environmental improvement, Henan Province should follow the
law of urban development, continuously enhance urban planning and spatial design,
coordinate urban and rural construction, focus on the mitigation of infrastructure short-
comings, integrate urban–rural development, comprehensively improve public, municipal
and educational facilities, and promote new urbanization toward scientific and rational-
ization. (2) Coordinated development of the region should be strengthened. We should
fully manifest the policy role of the regional coordinated development strategy, deepen
the integrated development of the Central Plains city cluster, promote the construction
of Zhengzhou as a national central city, support the construction of Luoyang as a sub-
center city, and establish a model in which the Zhengzhou metropolitan area leads the
development of central cities, central cities spearhead the development of city clusters,
and city clusters drive coordinated regional development. Moreover, it is necessary to
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strengthen the exchange and communication between economic, scientific and educational,
ecological and other systems; optimize the spatial allocation structure of resources; form
a collaborative and cooperative environment at all levels; create favorable conditions for
the reasonable flow of various factors and resources; enhance the spatial spillover effects
between neighboring regions; and realize integrated regional development. (3) The role of
government financial support should be fully manifested. Financial system reform should
be deepened, diversification of economic industries should be enhanced, the financial
expenditure policy of each city in Henan Province should be adjusted, the positive role
of government financial support should be fully facilitated in terms of the resilience of
local urban projects, and full protection of urban infrastructure investment should be
realized, while any administrative barriers to the flow of production factors should be
overcome, economic exchange and cooperation between local cities should be facilitated,
and the problems of duplication and vicious competition should be avoided in infrastruc-
ture construction between cities. Based on unified and rational planning, the benefits of
interregional infrastructure investment and construction services should be maximized.
(4) A new highland should be created for the two-way opening of inland areas. Internally,
it is necessary to increase market activity, focus on the enhancement of housing, social
security, and social services, release the comprehensive purchasing power of the people,
and further actively develop online consumption, promote the diversified development of
consumption patterns, and stimulate the innovation vitality of the market simultaneously.
Externally, Henan Province is an inland province in the Central Plains. Compared to the
national average, the openness level of Henan Province to the outside world still exhibits
much room for improvement. Therefore, Henan Province should implement a more proac-
tive opening strategy, vigorously develop an inland open economy, strengthen the opening
door function of Zhengzhou Airport and other important transportation hubs, promote the
construction of the Henan Free Trade Pilot Zone, accelerate the construction of Zhengzhou
as a service outsourcing demonstration city, introduce well-known Chinese and foreign
enterprises, undertake the transfer of the international service industry, create a compre-
hensive, multilevel, and wide-ranging two-way open pattern, and accelerate the formation
of an inland open cooperation demonstration zone with global influence. (5) The scientific
and educational innovation environment should be enhanced, and the innovation ability
of the social system should be improved. With structural adjustment, transformation, and
upgrading of economic development, innovation could become an important driving force
of urban development. Since the improvement in the social system’s innovation ability
cannot be separated from the support of government policies, to improve the innovation
ability in Henan Province, we should first strengthen the guidance effect of government
policies, adhere to the core position of scientific and technological innovation in overall
modernization construction, implement the concept of innovation and development, and
focus on attracting and cultivating innovative industries. In addition, it is necessary to
vigorously develop education. On the one hand, the quality and level of education in
Henan Province should be comprehensively improved, and on the other hand, balanced
development of education should be promoted. In eastern, western, and southern Henan,
where educational resources are relatively scarce, the availability of educational resources
should be enhanced. (6) The industrial structure should be adjusted, and optimization and
upgrading of the industrial structure should be encouraged. It is necessary to comprehen-
sively consider the market characteristics of the various regions in Henan Province, fully
utilize the industrial structure of Henan Province to build an important national food pro-
duction base, energy raw material base, modern equipment manufacturing and high-tech
industrial bases, and comprehensive transportation hub policy support conditions. Based
on the objective development of laws, an industrial structure with a reasonable layout and
complementary advantages between neighboring regions should be established to form
industrial clusters. First, the industrial structure should be scientifically adjusted. The
traditional economic model relying on the development of agriculture and heavy industry
should be modified, and the new industrial development model led by the tertiary industry
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should be adjusted and transformed in a timely manner. Second, we should focus on
the cultivation of new industries, dynamics and growth poles, and the digital economy,
information technology, biomedicine, high-end equipment manufacturing, new energy,
new materials, and other strategic emerging industries should be assigned the top priority.
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