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Abstract

The COVID-19 pandemic has severely affected the normal socioeconomic operation of
countries worldwide, causing major economic losses and deaths and posing great chal-
lenges to the sustainable development of cities that play a leading role in national socioeco-
nomic development. The strength of urban resilience determines the speed of urban social
and economic recovery. This paper constructed a comprehensive evaluation index system
for urban resilience under the COVID-19 pandemic scenario considering four dimen-
sions—economy, ecology, infrastructure, and social systems—conducted a quantitative
evaluation of urban resilience in the Yangtze River Delta of China, revealed its spatiotem-
poral differences and change trends, and proposed targeted strategies for improving urban
resilience. The results show that (1) the Yangtze River Delta urban resilience system is
growing stronger every year, but there are significant differences in the level of urban resil-
ience, its spatial distribution and regional urban resilience. (2) In the Yangtze River Delta
urban agglomeration, there is less distribution of areas with a higher resilience index, while
those with high and medium resilience levels are more distributed. However, the resilience
of most cities is low. (3) The resilience index of eastern coastal cities is significantly higher,
and the resilience of cities under the COVID-19 scenario presents obvious east—west differ-
entiation. (4) When constructing urban resilience, the individual situation of cities should
be taken into account, measures adjusted according to local conditions, reasonable lessons
drawn from effective international urban resilience construction, and reasonable planning
policies formulated; it is important to give play to the relationship between the whole and
the parts of resilience to achieve unified and coordinated development.
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1 Introduction

On February 28, 2020, the WHO raised the risk of global transmission and the impact
of a COVID-19 pandemic to “very high” from “high” (Wang et al. 2020a). Since then,
the global pandemic has developed rapidly. On March 7, 2020, the number of confirmed
cases worldwide exceeded 100,000, and the number of affected countries exceeded 100
the next day. According to the WHO’s daily COVID-19 report, as of 10:00 central Euro-
pean time on June 27, 2020 (16:00 Beijing time), in just the previous day, the number of
confirmed COVID-19 cases outside China had increased by 179,292 to 9,567,876, and
the number of deaths outside China had increased by 6866 to 486,480. Globally, that
same day, the number of confirmed COVID-19 cases increased by 179,316 to 9,653,048,
and the number of deaths increased by 6866 to 491,128 (Huang et al. 2020). Cities with
high population concentrations, such as Wuhan, New York, Milan, and Madrid, were
hit the hardest. Cities have become the engines leading countries’ social and economic
development, and the length of time required for urban social and economic recovery
depends on the resilience of the urban area. The analysis, evaluation, and improvement
in urban resilience have become important issues urgently requiring a solution among
government administrators and academia (Percy et al. 2019).

“Resiliency” comes from the Latin word “resilio,” meaning to “bounce back” or to
return to your former status. In 1973, Holing, a Canadian ecologist, first introduced the
concept of resilience into the field of ecology and defined urban resilience as “the abil-
ity of an ecosystem to adapt to the process, sustain resistance and restore balance after a
short impact” (Holling 1973). “Resilience” is a controversial concept, and different dis-
ciplines have different research emphases and understandings of resilience. Compared
with adaptability, urban resilience is more representative: Resilience originally referred
to the possibility that something squeezed will return to its original state after being
squeezed; vulnerability focuses on the multiple effects of a single risk disturbance on
an object. Urban resilience includes the ability of cities to withstand disasters and, more
importantly, to bounce back under risk and to anticipate, prevent, respond to and recover
from extreme disasters (Diaz-Sarachaga and Jato-Espino 2019). The strength of urban
resilience lies in the area’s ability to respond to emergencies and adapt to long-term
risks. The higher the resilience level is, the lower the vulnerability, and the stronger the
impact resistance and absorption capacity (Vejmelkova et al. 2012). Resilience can be
divided into three types: regional, urban, and community disaster resilience (Zhou et al.
2012). Urban areas are a complex social and ecological system in which there are vari-
ous elements that are interrelated and influence each other. The Rockefeller Foundation
of the United States pointed out that “urban resilience” is the ability of individuals,
communities, institutions, enterprises and systems in an urban area to survive, adapt and
grow under the impact of various chronic and acute pressures. It has seven characteris-
tics: reflexivity, inclusiveness, comprehensiveness, robustness, redundancy, flexibility,
and resourcefulness (Paidakaki and Moulaert 2018). Urban resilience exists when the
different subjects in the complex socioecological system of urban areas can successfully
confront the various chronic and acute pressures that exist locally, such as natural dis-
asters, economic crises, and social and political turbulence, through reasonable prepara-
tion and optimal coordination among system components (Fastiggi et al. 2020). Thus,
resilience includes the prevention, response, recovery, and long-term adaptation neces-
sary to protect the public security, social order, and economic construction of urban
areas from being affected.
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Domestic scholars introduced the theory of resilience to China in the 1980s; combined
with the requirements of urban sustainable development targets and according to the char-
acteristics of China’s regional development, a large number of empirical studies were then
conducted that addressed urban resilience. Li et al. studied the development of China’s
infrastructure resilience, ecological resilience, and urban resilience in a cross section at a
single point in time from the perspectives of the whole country, urban clusters, and prov-
inces (Li et al. 2019). Huck et al. (2020) examined network construction from the per-
spective of networks and quantitatively evaluated the urban network resilience of urban
agglomerations in the middle reaches of the Yangtze River with the help of complex net-
work theory and the Gephi evaluation structure model (Bostick et al. 2018). Zhao et al.
(2019) recently evaluated the urban resilience of Dalian, China, based on the scale—den-
sity—form and introduced spatial analysis, quantitative assessment of urban resilience,
model construction, and other methods of assessing the ecological footprint and ecological
resilience according to urban density, providing relatively sufficient technical means for the
study of urban resilience. Zhao quantitatively evaluated Wuhan’s ability to cope with flood-
ing from rain based on resilience theory and an evaluation model of the approximate ideal
solution sequencing method. Li performed a comprehensive evaluation of China’s urban
resilience by constructing a comprehensive resilience index system combined with the spa-
tial analysis method and proposed corresponding countermeasures for the development of
urban resilience.

In the 1990s, the concept of resilience was widely studied within different disciplines.
Scholars’ research on resilience extends from ecology to engineering, society, the economy
and management, including social ecosystems, social science, psychology, and manage-
ment (Bonanno et al. 2007; Chang et al. 2014; Bellamy et al. 2017; Dennis et al. 2019).
The concept of resilience has been widely applied in disaster science and has become a
new concept within disaster response and management. With the increase in urban uncer-
tainty and disturbance factors, urban resilience has gradually become a hot issue in society
and academia. In terms of the types of disaster events in resilience assessment, they involve
various types of emergencies, such as natural disasters, accidents, public health crises, and
social security, among which the majority of resilience assessments address natural dis-
asters. These disasters include earthquakes (Inoue and Todo 2019), typhoons (Macaskill
2019), heavy rain, and floods (Cho and Chang 2017; Chen et al. 2020). From the perspec-
tive of a spatial scale analysis of resilience assessment, the span covers multiple scales,
such as country, city, and community. From the perspective of quantitative resilience evalu-
ation methods, assessment mainly includes two categories: evaluation based on the system
function curve and evaluation based on the index system. First, the system function curve
of the resilience calculation method laid a foundation for the quantitative evaluation of
resilience, whether for a single unit of land or multiple areas; based on the definition of the
system, the system function curve can adopt different variables. However, such evaluation
methods require a large amount of data and the calculations are difficult in practical appli-
cation. Scholars represented by Burton evaluated resilience from the perspective of engi-
neering and defined “community seismic resilience” as the ability of communities to miti-
gate and absorb losses caused by disasters, to take measures to recover from disasters, and
to cultivate the ability to cope with disasters in the future. Community earthquake disasters
mainly destroy community infrastructure, and the functional change in the infrastructure
system can be described by the system function curve. Second, the resilience evaluation
method based on the index system can comprehensively evaluate the resilience level of the
system, but the construction of the index system and factor weight assignment are subjec-
tive. Cutter et al. (2008) observed that the resilience model of the system function curve
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does not consider social and economic factors (Cutter et al. 2014). Therefore, by taking
into account the external environmental factors of the community and both rapid events
(such as hurricanes and earthquakes) and chronic events (such as global climate change
and sea level rise), Cutter et al. (2008) proposed a community resilience assessment indica-
tor system constructed from the six aspects of ecology, economy, society, infrastructure,
system, and community capacity. Cutter, based on the DROP model, eliminated the eco-
logical dimension and constructed a community baseline resilience index that includes
five aspects: society, economy, system, infrastructure, and community capital. Based on
the cases of more than 20 cities worldwide, the Rockefeller Foundation proposed an urban
resilience framework and a comprehensive urban resilience index (Croese et al. 2020) that
consists of four key areas: economy and society, health and welfare, infrastructure and eco-
system, leadership and strategy. Each area has three resilience goals and 52 qualitative and
quantitative indicators. Klimek et al. (2019) used the ARUP index system to propose a
resilience index that categorizes the resilience of American cities. To examine the case of
sudden disasters, Kayunga builds matrices according to four capital types and four disaster
prevention stages to build a community disaster resilience index system. The four capital
types include social capital, economic capital, physical capital, and human capital, and the
four disaster prevention stages include mitigation, preparedness, response, and recovery.

After the 1990s, Folke et al. (2004) further proposed the theory of the “adaptive cycle,”
which is used to represent the interaction and evolution of resilience in the “socioecologi-
cal” system after external impact. Based on discussions of the community resilience assess-
ment index, Cariolet et al. (2018) carried out urban resilience assessments for American
communities in the context of complex disasters and created the urban resilience assess-
ment dimension. Ujeyl and Rose (2015) also carried out an in-depth study on the defini-
tion and measurement of economic resilience. Bruneau et al. (2003) built a quantitative
model to calculate the resilience of infrastructure engineering considering the aspects of
robustness and rapidity. Sherrieb et al. (2010) analyzed the Mississippi County Community
Resilience Index based on archival and demographic data. Bozza et al. (2015) attempted
to construct indicators based on the direction and content of community assessment to
form a resilience index framework for the assessment of US coastal areas. Clarke (2017)
established a disaster resilience assessment (DROP) model based on the community level,
thus providing a quantitative evaluation standard for social resilience. Based on research
on community earthquake disaster resilience, Zhong et al. (2020) defined the resilience
of the community as the “community’s capacity to absorb damage and restore quickly”
and proposed resilience properties, including consistency, redundancy, counseling, and
rapid resilience. The resilience system is divided into four interrelated subsystems: eco-
nomic resilience, ecological resilience, engineering resilience, and social resilience. Hos-
sain et al. (2019) summarized the existing definition of resilience and believed that “Resist
and recover” are the three main characteristics of resilience systems. Due to the great dif-
ferences in the perspectives of definitions, the methods for achieving ’resilience” in differ-
ent research fields, and the different connotations of the same concept applied by different
researchers, a large number of scholars have discussed the concept of “resilience” in depth.
Although there is no consensus on the concept, Rees’s three characteristics of resilience
are widely recognized and lay the foundation for the evaluation of resilience systems (Rees
et al. 2016). Wang et al. (2018) analyzed and compared the similarities and differences
between urban resilience and sustainable development, pointed out that urban resilience
could be used as a new means to achieve sustainable development, and proposed a set of
widely recognized planning and design approaches to improve urban resilience, including
three strategies: multifunction, redundancy, and template (Wang et al. 2018).
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In summary, academic research varies based on the background, concept, content, and so on,
and at present, research on urban resilience is still in its infancy. Based on this review of the related
literature at home and abroad, including research on urban resilience theory and urban regional eco-
nomic resilience, studies of the theory of urban regional ecological resilience are relatively lacking.
Relatively speaking, the research perspectives involved are geography, the urban system perspec-
tive, and urban topics such as policy, urban planning, and management perspectives, making this a
relatively wide field. In addition, many scholars have focused on the region as the main component,
but the individual cities play an important role, as does the status of the main urban body.

Currently, under the context of the pandemic, the study of urban resilience is becoming a
major scientific problem that affects and restricts the sustainable development of modern cities,
and a set of scientific theoretical systems is urgently needed to allow analysis of the characteris-
tics and construction problems in urban resilience based on different spatial scales and regions
(Wilson et al. 2016). A framework of urban resilience assessment should be constructed based
on pandemic disasters to comprehensively assess the state of urban resilience construction and
development and promote healthy and stable urban development (Trencher et al. 2016).

In view of the above overview of resilience studies and the recognized lack of research,
and in view of the current worldwide COVID-19, the main purposes of this study are (1)
to explore the components of urban resilience based on the COVID-19 scenario and to
establish an urban resilience assessment system in the Yangtze River Delta; (2) to conduct
an in-depth analysis of the Yangtze River Delta urban agglomeration over the last 15 years,
from 2003 to 2017, based on the urban resilience index and spatiotemporal differentiation
characteristics under the pandemic scenario, and from the results of the spatiotemporal dif-
ferentiation analysis, analyze the development of urban resilience in China’s Yangtze River
Delta; and (3) to reveal the main factors affecting urban resilience and provide important
cognitive basis and theoretical guidance for urban pandemic response, urban resilience sys-
tem construction, urban recovery, and future urban healthy development.

2 Overview of research area

The Yangtze River Delta is located along the Yangtze River and the East China Sea coast
(as shown in Fig. 1). Based on the “Yangtze River Delta urban agglomeration develop-
ment plan” approved by the State Council in May 2016 and the Central Committee of the
Communist Party of China in December 2019, the State Council issued the “Yangtze River
Delta regional integration development plan,” outlining the scope of central planning for
urban development. Based on the increasing newly urban area of the Yangtze River Delta
economic association in 2019, a total of 33 cities were characterized, and the urban and
new urban areas were included in the Yangtze River Delta economic association as the core
urban area for Yangtze River Delta economic development. Compared with other areas,
the urban population in this area was highly concentrated, with high mobility and high
employee turnover. There are frequent urban political, economic and cultural activities, and
a healthy social division of labor (Kuo et al. 2019). The Yangtze River Delta is a combi-
nation of the “gold coast” and a “golden waterway”: a flat terrain, fertile land, convenient
transportation, and a vast hinterland providing superior natural conditions and a superior
geographical location. Since the Ming and Qing Dynasties, it has been China’s most eco-
nomically developed region. In the early days of the People’s Republic of China, although
the populations of Jiangsu, Zhejiang, and Shanghai accounted for only 1/10 of the national
population, their economic value and industrial output accounted for 1/6 and nearly 1/4 of
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Fig. 1 The study area: a the location of the Yangtze River Delta Urban Agglomerations in China; b the
administrative division of the Yangtze River Delta Urban Agglomeration (1, 2, 3, and 4 represent Taizhou,
Ma’anshan, Changzhou, and Wuxi, respectively)

that nationally, respectively. Influenced by the planned economy system and the shift in the
national industrial development center, the economy and industry of the two provinces and
one urban area have developed to some extent, but the pace of development is slow. From
1952 to 1990, the economic aggregate of these two provinces and one urban area increased
from 16.14 to 16.56%, and its industrial output value accounted for less than a quarter of
the country’s total. Since the reform and opening up, especially since the 1990s, the eco-
nomic development of the Yangtze River Delta has entered a new stage of modernization.
The 14th National Congress of the Communist Party of China set the reform goal of estab-
lishing a socialist market economy system and proposed a major strategic plan that included
“the development and opening up of Shanghai Pudong as a pioneer to drive the economic
development of the Yangtze River Delta region.” The gradual deepening of the reform and
opening up and the continuous improvement in the external environment fully unleashed the
development potential of the Yangtze River Delta. With the rapid development of modern
industry and the regional economy, the Yangtze River Delta now occupies a leading position
in China’s economic region. In the domestic and foreign markets, competition has gradually
formed some new competitive advantages. However, there are always both positive and neg-
ative aspects. With the development of comprehensive economic and regional strength, the
economic losses and impacts to the strength of this region caused by COVID-19 have been
immeasurable, so it is particularly important to study the resilience of cities in this region.

3 Materials and methods

3.1 Data sources

The specific index data from 2003 to 2018 of this article are taken from the statistical
yearbooks for Shanghai (http://tjj.sh.gov.cn), Jiangsu (http://tj.jiangsu.gov.cn), Zhejiang

(http://tjj.zj.gov.cn), Anhui (http://tjj.ah.gov.cn), and various municipalities. The data
for the ecological environment resilience index from 2003 to 2018 are taken from the
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Shanghai environment gazette (https://sthj.sh.gov.cn/), environmental conditions in the
Jiangsu Province gazette (http://hbt.jiangsu.gov.cn), the environmental conditions in the
Zhejiang province bulletin (http://sthjt.zj.gov.cn/), and the Anhui Province environmen-
tal gazette (http://fbh.anhuinews.com/). Some data for the economic resilience index are
taken from the statistics bulletin of the national economy and social development for
Shanghai (http://www.shanghai.gov.cn/), Jiangsu Province (http://www.jiangsu.gov.cn/),
Zhejiang Province (http://tjj.zj.gov.cn/), and Anhui province, Due to the absence of indi-
vidual data, the values of adjacent years are inferred.

3.2 Research methods
3.2.1 Urban resilience measurement model (TOPSIS model)

The TOPSIS method was first proposed by C. L. H. Wang and K. Yoon in 1981 (Wang
and Elhag 2006). It is a sorting method based on the proximity of a limited number
of evaluation objects to the idealized goal; it evaluates the relative merits of existing
objects (Dutta et al. 2019). The TOPSIS method is a sorting method that approxi-
mates the ideal solution, and it only requires that each utility function is monotonically
increasing (or decreasing). It is a common and effective method in multiobjective deci-
sion analysis, also known as the pros and cons solution distance method (Chen and Li
2013). The TOPSIS evaluation method was chosen in this study for the following rea-
sons. The TOPSIS method is a commonly used comprehensive intragroup evaluation
method that can make full use of the information of the original data, and its results can
accurately reflect the differences among evaluation schemes (Beskese et al. 2015). The
basic process is based on the normalized original data matrix, and the cosine method
is used to determine the optimal and worst schemes in the finite scheme. Then, the dis-
tance between each evaluation object and the optimal and worst schemes are calculated
to obtain the relative proximity between each evaluation object and the optimal scheme;
this is taken as the basis for the evaluation. The method has no strict limitation on the
data distribution or sample content, and the data calculation is simple and easy (Boland
et al. 2020). To unify the evaluation criteria (with each index value being between 0 and
1), raw data with different dimensions must be standardized (Jones and Parker 2019).
The main function of data standardization is to eliminate the dimensional relationship
between variables so that data can be comparable (Moghadas et al. 2019). In this study,
the extremum standardization method was used to standardize the original data in the
index system. Using the entropy weight method for statistical weight, evaluation indi-
ces and the TOPSIS method are applied to resilience for selected cities in the Yangtze
River Delta city to conduct a quantitative analysis and comparison. Because the entropy
weight method of weighting the index performs calculations according to the measure
index variation data, thus greatly reducing the subjective factors that drive interference,
the value is limited by the TOPSIS method as a point in n-dimensional space, and the
relative distance between each point and ideal is calculated for sorting. This method not
only reflects the relative relationship between different objects but also has the advan-
tage of making full use of the original data with less information loss (Boland et al.
2020).

Step 1: The first step is to convert all indicators into extremely large indicators; the indi-
cator standardization formula is as follows:
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Positive indicators: Z; J %*09+0.1 €))

max () =% | 0.9+0.1 )

| max (xj) — min (xj) |

Reverse indicators: z;

where Z is the normalized matrix, which represents the standardized evaluation index
value for urban resilience from the perspective of coupling disasters; x is an index; i is the
number of rows, namely the evaluation of the target urban area; j is the number of columns
or the index name. The calculation is multiplied by 0.9 and 0.1 is added to calculate the
weight more accurately in the entropy weight method, which does not affect the result.

Step 2: The second step is to use the standardized index system: z;, k = In ﬁ To adjust
the coefficient, n is the number of cities that need to be evaluated in the urban resilience
assessment. We calculate the annual information entropy E; as follows:

N

Step 3: The third step is to calculate the weight of each evaluation index z;; in W;, where
m is the number of indicators we selected to assess the resilience of cities in the face of
COVID-19:

W/=(1—E,~)/§,(1—E/) @)

Step 4: In the fourth step, the entropy weight and TOPSIS methods are combined to
build a comprehensive evaluation model of urban resilience. Finally, based on the calcula-
tion results of the model, the weighted standardization of the urban resilience index for
the Yangtze River Delta each year is comprehensively evaluated, and its expression is as
follows:

Z=Wyz; )

Step 5: The fifth step is to construct the weighted standardized decision matrix Z for
each year. Z is the matrix of the urban resilience index for cities in response to COVID-19
after being weighted, assuming that each year there are n objects to be evaluated, and the
weighted standardized decision matrix of m evaluation indices is:

le Z12 Zlm
z=| % %2 e ©
an Zn2 an

Define the maximum value in a specific index of urban resilience evaluation in a spe-
cific year:

zt=(z}.ZF,....2}) = (max {Z,,, Zyy, ... Zy o max {Z13, 2y, .., Zyp }o oo s 0K { Zy s Zas o s Z } )
(N
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Define the minimum value in a specific index of urban resilience evaluation in a specific
year:

Z"=(2;.2,,....Z;) = (min {Z,,,Zy. ... .Z,y }. min{Z15. Zpp, ... Zpp } ..o min{Z,,. o .. . Zy })

3)
Define the distance between the i(i = 1,2, ...,n) evaluation object and the maximum
value:
m 2
+ +
=2l )
j=1
Define the distance between the i(i = 1,2, ...,n) evaluation object and the minimum
value:

(10)

Step 6: The sixth step is to calculate the final resilience index of the i(i = 1,2,...,n)
evaluation object in each year. S; represents the resilience of the city in responding to
COVID-19 in a given year as follows:

D>

L

S =—>
' Df+D; an

Step 7: The last step, the average resilience value R for each year’s city resilience index
to COVID-19, was calculated as follows:

R=113 50 (12)
x| &

The model constructs a comprehensive evaluation system of urban resilience consid-
ering the four aspects of urban economic resilience, ecological resilience, infrastructure
resilience, and social system resilience in the context of the pandemic. According to his-
torical data, the urban resilience for each year and the average urban resilience for each
year are obtained for the overall evaluation. In the formula, R represents the urban resil-
ience index, x is the number of years, and y is the one year. S; is the degree of fit between
the i(i = 1,2, ..., n) evaluation index and the positive idealized target, namely the resilience
index, and S;(y) is the resilience index of an urban area in a certain year.

3.2.2 Selection of urban resilience indicators

Urban resilience means that urban areas can withstand disasters through their own abilities,
reduce disaster losses, and reasonably allocate resources to recover quickly from disasters.
In the long run, cities can learn from past disasters and improve their adaptability to disas-
ters (Wang et al. 2020b). Resilience, as a core concept, has been applied to various types
of human settlements (such as urban or rural environments) and different fields (such as
climate change or sustainable development) (Orencio and Fujii 2013). Some scholars have
conducted research on improvements in resilience in response to a specific disaster (such
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as earthquakes, fires, and hurricanes) in a specific city or region. Although there is no uni-
fied definition, it has become a consensus to discuss the connotation of urban resilience
from the economic, social, technological, and organizational dimensions (Stanke et al.
2012). From the existing research, scholars use experience for reference and apply theo-
retical deduction to construct an index system, evaluation model, and empirical analysis.
Building a preliminary theoretical analysis framework and research system provides a good
foundation for further study; these have mainly focused on the connotation of resilience
and an index system for architecture; study has been proposed on the construction of an
index system and evaluation model, but there is less empirical research (Manyena 2006).
According to the above interpretation of the urban resilience concept and after reviewing
the resilience index of domestic and foreign cities and drawing lessons from the evaluation
index system of urban resilience constructed by Burton, Cutter, and Cai, it is determined
that a comprehensive consideration of the Yangtze River Delta’s urban development level
must be based on the relative and absolute difference between the comprehensive meas-
ures of urban resilience. Under the current situation of governance over the COVID-19
outbreak, indicators capturing the dimensions of pandemic-related urban resilience must
be identified through a systematic, scientific process and adhere to the principles of rep-
resentativeness and accessibility. The four subsystems identified are the economy (Chirisa
et al. 2016), ecology, infrastructure (Herbeck and Flitner 2019), and social systems (Tkatch
et al. 2017). Based on the analysis of the concept of resilience shown by cities in response
to disasters and combined with expert opinions, the evaluation framework of urban resil-
ience is adjusted and corrected accordingly. We chose a temporally dynamic perspective
from 2003 to 2017 to reflect urban resilience in different periods. The degree of the urban
resilience index varies from year to year, such as annual GDP, the number of hospitals
and health centers, and basic medical insurance, and the dynamic display illustrates these
changes over different years. Four time points with equal distances in this dynamic period
are selected for representation. A total of 26 indicators were selected, and the compos-
ite index method was adopted to build a comprehensive evaluation index system of urban
resilience. For some indices, it is difficult to directly identify accurate quantitative data, so
indirect measurement evaluation and related factors were selected according to the relevant
analysis, and the relationship between the elements was studied. A comprehensive analysis
was performed to identify the highly relevant variables (e.g., Pearson R>0.70), and 26
indicators were ultimately selected (Table 1).

Economic resilience is the key to urban resilience in a COVID-19 scenario (Ompad
et al. 2018), and each element in the dimension of economic resilience is closely related
to health. Economic diversification, when a pandemic such as COVID-19 occurs, can
prevent the urban economic system from suffering a devastating blow due to economic
dependence on a single industry. In the recovery process, diversity can also provide a vari-
ety of economic resources and service support, and so the annual GDP of the assessed
objects is selected for representation. The expenditures in the local fiscal budget and the
total tax revenue of the region not only provide a financial guarantee to prevent harm from
the pandemic and support urban recovery and construction but also help solve problems
related to employment resilience, especially after the occurrence of emergencies. Cities
with an insufficient economic base need to rely on other resources to maintain urban and
rural resilience such as the year-end balance of savings. The pandemic has had the most
severe impact on tertiary industry, and thus the greater the proportion of tertiary industry
is, the greater the impact caused by the pandemic. This will further lead to a slower recov-
ery speed. Therefore, the proportion of tertiary industry in GDP is selected to represent
economic resilience. Scientific enterprise expenses capture the support given to address
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COVID-19. The greater the expense is, the more proportional it is to the damage caused
by COVID-19. The impact of COVID-19 on foreign investment is self-evident, and the
reduction in foreign investment caused by COVID-19 should not be exempted from consid-
eration. When there has historically been more foreign investment, the reduction caused by
COVID-19 will increase the difficulty of urban economic recovery.

Ecological resilience is fundamental to resilience and the fight against COVID-19
(Lafortezza and Sanesi 2019). Urban natural environments can provide many ecosys-
tem services, generate public health synergies, and benefit human health and well-being.
Among them, green space area and the green coverage rate in built-up areas affect the liv-
ing environment and indirectly affect public health. The green ecological environment can
effectively alleviate the harm brought by pandemic disasters. Plants can retain rainwater
and effectively reduce the range of virus transmission in the air. Green vegetation is con-
ducive to absorbing or removing substances such as CO, and particulate matter, alleviating
virus transmission, the urban heat island effect, and the public health damage caused by the
heat island effect. A green ecological environment and public green space are also condu-
cive to active exercise, stress relief, and mental health recovery among residents. Air qual-
ity consistently affects residents’ health, especially respiratory and circulatory health, and
air pollution can thus accumulate and exacerbate the effects of COVID-19. The land area
was selected as a representative element to measure the danger of the COVID-19 pandemic
in cities. The greater the urban land area is, the sparser the population, and the smaller the
influence of factors driving the COVID-19 pandemic. The coverage rate of green vegeta-
tion in the urban area is conducive to alleviating pollution from the emission of industrial
wastewater and sulfur dioxide in the urban area, which indirectly affects the quality of life
and reduces the risk of being infected by COVID-19. It is conducive to the restoration and
development of urban construction.

Infrastructure resilience is the foundation of urban resilience in response to COVID-
19 (Lankao 2010). The influence of the urban environment on public health has been a
popular research topic since the beginning of the twenty-first century. The urban public
health system is an important embodiment of the resilience of infrastructure; it includes
health administration departments at all levels, disease prevention and control agencies,
health supervision agencies, medical treatment institutions and public health research insti-
tutions (Lhomme et al. 2013). Considering the principle of data accessibility, we chose
hospitals and health centers to represent the carrying capacity of the city when addressing
the COVID-19 pandemic and the number of beds in the hospitals to represent their carry-
ing capacity. Actual road area represents accessibility to vehicles; accessibility to highway
freight volume and other common responses plays an important role in evacuation and the
entry of critical materials after a disaster; the total annual power supply and materials sup-
ply are selected to indicate power support after health hazard events. By selecting the total
annual water supply, the capacity of water supply facilities in urban infrastructure can be
measured, which plays an important role in emergency rescue and is an essential part of
residents’ lives.

The resilience of social policies determines the response and direction of development
after COVID-19 (Muiloz-Erickson et al. 2014). China’s unique political system and gov-
ernment-led urban development model enable government organizations to play a leading
and dominating role in urban development. Moreover, the policy system determines the
urban response to the coronavirus pandemic. System integrity determines the degree to
which the defense system is able to directly affect the response to the coronavirus. Popula-
tion density is one of the main directions of national regional management, and urban resil-
ience is closely related to social welfare and public services. The reform of the Yangtze
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River Delta cities household register system made some achievements, but the frequent
population movements and the need to balance the interests of all parties mean that social
problems resulting from household register discrimination are still widespread. This has
become one of the most basic livelihood issues; population density indirectly reflects sys-
tem integrity, and thus it is selected as the basic manifestation of system integrity. The
more complete the registration of the urban unemployed is, for example, the better able
the government will be to adopt corresponding countermeasures or policies. The urban
population suffered massive unemployment due to COVID-19. The unemployment rate in
an area well reflects the measures taken by the urban area to protect the unemployed and
indirectly reflects the implementation effect of government policies. Public administration,
social organizations, resilience workers and resources, benefits, and access to timely infor-
mation will all be part of the coronavirus emergency policy, and they may tend to lag.
Heads of state government departments, organizations, enterprises, and institutions provide
experience, knowledge reserves, and social networks, making them one of the important
mediums through which cities obtain relevant policy information. These indirectly reflect
the urban policy system, so the number of representatives is chosen to reflect the known
degree of policy. Organizational coordination determines the timeliness of resource inte-
gration and the effectiveness of system implementation and affects the restoration of social
cohesion. The number of students in colleges and universities can well reflect the effec-
tiveness of policy transmission by government organizations and departments. College
and university students have a certain ability to distinguish the sensitivity and accuracy of
information and can convey government policies and instructions well, which indirectly
represents the coordination of the organizational system. Every second counts in a disaster,
and the timeliness of the emergency response determines the consequences of the hazard
and the damage. The number of physicians practicing is the key to the overall improvement
in health standards and directly affects the quality of the health system. The resilience of
the health system often depends on the retention of health personnel, which is character-
ized here by the number of physicians. The average number of incumbent post workers
can reflect the impact of the pandemic on China; the more the people there are holding this
position, the greater the impact will be, and the rate of recovery will vary depending on the
area of impact (Fang et al. 2017). The number of basic health insurance enrollees is also
an important indicator during a pandemic and provides a good indication of the financial
impact of the pandemic on individuals. The more the enrollees there are, the greater their
relative resilience will be.

4 Results
4.1 General trends in urban resilience in the Yangtze River Delta

This article constructs an urban resilience index system for the Yangtze River Delta urban
agglomeration under a new coronavirus pandemic scenario using entropy-weighted TOP-
SIS synthesis. The urban resilience index of 33 cities was obtained by the evaluation
method and calculated inductively for each urban area in the Yangtze River Delta for the
past 15 years. Examining trends in the average resilience index, the overall resilience of
urban agglomerations showed a sustained growth trend for the Yangtze River Delta region.
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Fig.2 Urban resilience development trend in the Yangtze River Delta

In 2014, the urban agglomerations were in a “prime” period of resilience growth, as shown
in Fig. 2:

(1) 2003-2004: With China’s formal accession to the WTO, China’s economy began
growing at a relatively rapid pace, which corresponds to the need for a more efficient
and effective response to the global economic crisis. Pandemics have had a positive
impact on resilience, with the sporadic outbreak of SARS in 2002 causing social panic
and suffering among urban social systems. The resilience of Yangtze River Delta cit-
ies declined sharply in 2003. A report released by the National Bureau of Statistics on
October 10, 2005, pointed out that due to the return of rational investment growth, total
investment in the Yangtze River Delta Region as a percentage of GDP had been on a
downward trend for many years. Statistics show that overheating was kept under con-
trol for regional investment, and as a result, the overall resilience index fell. In the first
quarter of 2011, 16 cities invested 302.6 billion yuan in fixed assets, a year-on-year
increase of 15.5%, with three cities also experiencing negative growth. In most cities,
the growth in socially owned fixed asset investment was significantly lower than that in
gross regional product. The outbreak of avian influenza in 2004 affected the urban econ-
omy, so the overall trend in the urban resilience index was downward; then, the CDC
and WTO managed the outbreak, and the Yangtze River Delta’s urban resilience recov-
ered the following year. (2) 2005-2008: During this period, urban resilience showed
healthy development, and the urban resilience of the Yangtze River Delta showed a
steady increasing trend. This peaked in 2008, and the Yangtze River Delta’s resilience
index decreased under the financial crisis of 2008. (3) The 2010-2013 financial crisis
caused global market demand to weaken, and regional GDP shifted from growth to slow
growth. The Yangtze River Delta saw a large number of unemployed people, an increase
in the unemployment rate, and a corresponding increase in the number of employed pub-
lic managers, resident savings, the number of doctors practicing in hospitals and other
areas, resulting in the limited development of economic and social resilience systems
and affecting the normal functioning of the urban system. (4) 2014-2017: The urban
resilience index of the Yangtze River Delta showed a significant growth trend starting in
2014. This was the first year of China’s comprehensive deepening of reform, where live-
lihood policies were adjusted to reflect the economic development. For the first time,
China’s government work report offered multiple prescriptions for urban diseases and
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committed to deepening reforms and advancing environmental governance; it has seen
a sustained growth trend thereafter, as indicated by the linear resilience index curve.
China’s urban resilience index for the Yangtze River Delta rose from 0.1790 in 2003 to
the final 0.2078. Overall, urban resilience in China’s Yangtze River Delta is showing a
sustained growth trend.

4.2 Analysis of the annual average index value for urban resilience

Figure 3 is based on the annual weighted average index of cities in each region from
2003 to 2007. From the histogram of urban resilience for the Yangtze River Delta,
the urban resilience index formed by urban agglomerations from 2003 to 2017 shows
the following: (1) Taking the urban resilience indexes of Shanghai, Nanjing, Suzhou,
Hangzhou, and Hefei as the core, a decreasing trend can be seen in the surrounding cit-
ies. This occurs because Nanjing, Hangzhou, and Hefei are the core cities of China’s
provinces, while Shanghai and Suzhou are economically developed cities. (2) Shang-
hai is China’s international economic, financial, trade, shipping, science and technol-
ogy innovation center; in the overall development of the urban system, some of the
remaining cities, such as Nanjing, Soochow, Hangzhou, and Hefei, are of medium resil-
ience, while the rest show high resilience in the face of the COVID-19 pandemic. The
urban resilience indices for many cities are at lower levels, and the differences between
them are not significant. (3) The results of the entropy-weighted TOPSIS model pro-
vide the annual average of urban resilience in the Yangtze River Delta from 2003 to
2017. The weighted average index ranking is as follows: Shanghai (0.8115)> Nan-
jing  (0.4493) > Hangzhou (0.3697)> Soochow (0.3385)> Hefei (0.2480) > Wuxi
(0.2436) > Ningbo  (0.2432) > Nantong (0.2017) > Shaoxing  (0.1840) > Yancheng
(0.1824) > Changzhou (0.1698) > Lu’an (0.1687) > Jinhua (0.1669) > Taizhou
(0.1663) > Jiaxing  (0.1606)> Anqging  (0.1557)>Fuyang  (0.1547)> Yangzhou
(0.1526) > Chuzhou (0.1437) > Wuhu (0.1426) > Huzhou (0.1399) > Taizhou
(0.1398) > Zhenjiang  (0.1354) > Huaibei (0.1324) > Soochow  (0.1306) > Tongling
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Fig.3 Average value for the urban resilience index in the Yangtze River Delta
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(0.1292) > Maanshan (0.1288) > Xuancheng (0.1277) > Huangshan (0.1205) > Bengbu
(0.1155) > Bozhoum (0.1147) > Chizhou (0.1051) > Zhoushan (0.0961).

4.3 Temporal variation in urban resilience

The Chinese economy has a 10-year juggernaut-like economic cycle that consists of
two smaller five-year cycles associated with the five-year plans that have been in place
since the founding of New China. The five-year plan originated in the Soviet Union and
now forms the central government’s overall plan for economic development over each
five-year period. The resilience development of the Yangtze River Delta over the past
15 years based on the response to the neo-coronavirus pandemic scenario can be simi-
larly examined with a cyclical division of time based on economic cycle conditions for
the years 2003, 2008, 2013, and 2017, respectively, according to the natural breakpoint
hierarchy in the histogram (Hossain and Rahman 2017). Under the COVID-19 scenario,
the resilience index values of cities in the Yangtze River Delta in 2003 were classified as
follows: low (0.117212015-0.148670925), medium (0.148670926-0.213956945), high
(0.213956946-0.410718277), and higher (0.410718278-0.799427671). Four periods rep-
resenting 5-year intervals were selected and compared: 2003, 2008, 2013, and 2017. The
results are as follows (Fig. 4): (1) In 2003, the highest urban resilience in the Yangtze River
Delta was 0.7994 in Shanghai; this is mainly because Shanghai is an international eco-
nomic, financial, trade, and shipping center, with increasingly improved economic, eco-
logical planning, infrastructure construction and social policies, and a strong public service
and health system. The data analysis shows that in 2003, the ranking of cities in resil-
ience is as follows: Nanjing (0.4107)>Hangzhou (0.3277). The middle urban resilience
index is ranked as follows: Soochow (0.2140) > Ningbo (0.1997) > Hefei (0.1854) > Wuxi
(0.1819) > Jinhua (0.1643)>Lu’an (0.1641) > Anqging (0.1612)>Jiaxing (0.1567)> Nan-
tong (0.1551) > Yancheng (0.1543) > Shaoxing (0.1520) > Chuzhou (0.1508) > Changzhou
(0.1487) > Xuancheng (0.1435). The other cities are at a low resilience level and will be
extremely vulnerable to the pandemic. (2) In 2008, Nanjing (0.4494) rose to become a high
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Fig.4 Temporal variation in urban resilience in the Yangtze River Delta a 2003; b 2008; ¢ 2013; d 2017
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resilience level urban area; Soochow (0.3908), Wuxi (0.2914), and Ningbo (0.2385) started
to rise to higher levels of resilience, with Soochow, in particular, becoming more resil-
ient. Hefei rose to a high level of urban resilience in 2013, Hangzhou rose to higher urban
resilience levels in 2017, and Nantong rose to high urban resilience levels. Resilience is
improving overall, but resilience levels have decreased in some cities. (3) The main rea-
son for the current resilience levels is the prominent position of Shanghai as an economic
hub connecting the international and domestic markets. Shanghai has certain medical
resources and corresponding supporting technologies, and its high economic development
has provided substantial material support for its response to the pandemic. The continuous
improvement in the resilience indices of Soochow and Wuxi is due to the spillover effect
from Shanghai’s high attractiveness to international resources. The successful integration
of Soochow and Wuxi with the Shanghai economy, as well as Shanghai’s growing eco-
nomic strength and international influence, has led to the emergence of new markets such
as Nanjing, Hangzhou, and Soochow. Cities such as Ningbo have begun to take the initia-
tive to draw closer to Shanghai and have positive interaction with the Shanghai economy
in terms of international competition and cooperation. In addition to the unique geographi-
cal advantages and economic, ecological and social policy advantages of Wuxi, Taizhou,
and Yangzhou are also becoming fully integrated into South Jiangsu, and in this process,
Shanghai’s influence is further accepted. Hangzhou, Ningbo, and other cities around the
Hangzhou Bay metropolitan area have also accelerated the construction of “South Shang-
hai,” with the construction of the Hangzhou Bay Bridge, the big and small Yangshan Port,
and other cities in the urban area. The construction of Beilun Port is another opportunity to
launch a comprehensive connection with Shanghai in the fields of economy, ecology, infra-
structure, and social policy construction.

4.4 Spatial variation in urban resilience

The spatial distribution of urban resilience to the COVID-19 pandemic in the Yangtze
River Delta is sequentially distributed (Fig. 5), and the changes in the spatial pattern of
urban resilience in the Yangtze River Delta city cluster since 2003 can be divided into four
time points. First, in 2003, the Yangtze River Delta urban cluster formed a dotted layout,
with Shanghai as the core and Nanjing and Hangzhou as secondary cores. The indices were
0.7994, 0.4107, and 0.3277, respectively, reflecting a wide difference in resilience. First
stage: From 2003 to 2008, the urbanization process in the Yangtze River Delta was slow,
and the urban pattern changed little. In 2008, the resilience spatial distribution of the Yang-
tze River Delta urban agglomeration was centered on Shanghai (0.7989), Nanjing (0.4494),
Soochow (0.3908), Hangzhou (0.3646), Wuxi (0.2914), and Ningbo (0.2385). The sec-
ond stage: from 2008 to 2013, the Yangtze River Delta urban agglomeration formed with
Shanghai (0.8209) and Nanjing (0.4733) as the core and Hangzhou (0.3721), Soochow
(0.3588), Hefei (0.3013), Ningbo (0.2422), and Wuxi (0.2411) as the subcore. In the third
stage, from 2013 to 2017, Shanghai (0.8225), Nanjing (0.4552), Hangzhou (0.4417), and
Soochow (0.4415) formed the core, while Hefei (0.3032), Ningbo (0.2908), Wuxi (0.2551),
and Nantong (0.2470) were the subcore.

Due to the different economic and urban social policies in each period, the different
urban resilience indices show exponential type or scale distributions in each period. In the
1960s and 1970s, China implemented a policy of controlling large cities, and the popu-
lation of megacities was effectively controlled. The primacy of cities decreased, and the
order curves of the urban resilience index in most cities showed a smooth trend (Fig. 2).
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Fig.5 Spatial variation in urban resilience in the Yangtze River Delta a 2003; b 2008; ¢ 2013; d 2017

However, the urban resilience index of Shanghai still ranked highest due to the influence of
national economic policies and social resources; for example, urban road area is included in
the index, which to a certain extent represents Shanghai’s accessibility. This allows timely
medical treatment and corresponding measures to be taken during the pandemic. In 2010,
Hangzhou rose to become a core urban area with a high urban resilience index due to the
opening of rail lines such as the Shanghai-Hangzhou railway and the growth of Shanghai’s
role in imports and exports. Driven by trade, light industry is developing rapidly. Since the
start of the new century, the Internet economy has become the new economic growth point
for Hangzhou, driven by high-tech companies such as Alibaba. Continuous urban develop-
ment, infrastructure, and social policies are key to improving Hangzhou’s resilience index.

The characteristics of the spatial structural distribution of urban resilience in the Yang-
tze River Delta under COVID-19 include (1) geographic distribution patterns. The main
distribution of the urban agglomeration-type urban resilience index is polycentric, i.e., cen-
tered on the high urban resilience index of large cities. (2) In this urban geographic loca-
tion, the urban resilience index is mainly distributed in the east and in the capital cities of
Jiangsu, Zhejiang, and Anhui provinces, as well as in urban areas. Shanghai is dominated
by large cities, which decrease in size from east to the west and from the coastal to the
inland resilience index. (3) In terms of the type of index distribution, cities with low urban
resilience indices oriented to COVID-19 are mainly located in the inland region, and cities
in Anhui Province have a wide distribution of low urban resilience indices.
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4.5 Improvement strategy for urban resilience

Based on the above analysis of the spatial and temporal evolution of the chronological
characteristics of Yangtze River Delta cities, it can be seen that the economic resilience of
the Yangtze River Delta has generally increased, and the center of gravity of the Yangtze
River Delta is moving. The spatial differences in regional resilience have generally nar-
rowed as a result of the northwestward shift. However, at present, the regional economic
resilience within the Yangtze River Delta is still unevenly distributed, and there are signifi-
cant internal differences among provinces. Resilience has yet to be enhanced. Based on this
and in light of the preceding analysis, the following recommendations are made:

1. Take advantage of foreign urban resilience research, such as the US Rockefeller Founda-
tion in May 2013 and implementation of the “Global 100 Resilient Cities” project (Fitz-
gibbons and Mitchell 2019). A total of four Chinese cities, Yiwu, Haiyan, Huangshi,
and Deyang, were selected for this project and have already achieved results. China has
applied to join the Global 100 Resilient Cities program, seeking domestic and interna-
tional cooperation to secure funding, expertise, and technology. The government should
support the development of urban resilience by learning from other countries, working
together to improve the overall resilience of the region, and fully absorbing the chal-
lenges of the international community. Urban resilience building can use experiences to
improve the overall resilience of cities in pandemic scenarios and the overall resilience
to epidemics. The Yangtze River Delta also needs to learn relevant measures from the
urban areas selected for the project to construct urban resilience according to local
conditions. Four domestic cities require focus on the resilience of urban construction
and specific measures, including a comprehensive analysis of their own actual situation
and a reasonable reference for effective measures; in addition, there is a need to actively
participate in the construction of pandemic-related meetings and to learn from the latest
research results and practical experience to support the sustainable development of their
own urban resilience and enhance their path.

2. Urban economic resilience is an important component of urban resilience and includes
urban ecological environment resilience, urban social system resilience, urban infra-
structure resilience, and other components. Urban economic resilience can also be
subdivided into annual GDP, local fiscal budget expenditures, etc. Urban ecological
resilience can be divided into garden green areas, green coverage rates of built-up areas,
etc. The resilience of urban infrastructure can be divided into hospitals, number of
health centers, number of beds in hospitals, and so on. The resilience of the urban social
system can be divided into population density, urban unemployment registration num-
ber, and so on. These factors are interrelated, the whole affects the parts, and the parts
affect the whole as well. Therefore, to improve the economic resilience of cities in the
Yangtze River Delta, it is necessary to promote the coordinated development of urban
economic resilience, the ecological environment, infrastructure resilience and social
systems to improve overall urban resilience and give play to the role of the part (urban
resilience) in promoting the whole (urban resilience under the pandemic scenario).
First, the development of urban resilience is the balanced development of infrastructure
and public services; consensus has been achieved on the role of balance to promote the
coordinated development of cities. We should further promote the balanced develop-
ment of urban infrastructure and public services and properly handle the relationship
between economic and social development and ecological and environmental protec-
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tion. In particular, in the process of promoting the coordinated development of urban
economic and ecological resilience, efforts should be made to protect and improve the
ecological environment in terms of the comprehensive utilization of resources and the
spatial distribution of industries.

3. The areas with high values in the urban resilience index are mainly concentrated in the
east-central Yangtze River Delta and the southeastern riverside and seaside areas and
mainly include provincial capitals, the city center of Shanghai, and its peripheral regions.
These areas of high economic resilience need to continue to develop their economies,
maintain stable macroeconomic conditions, and continuously adjust their industrial
structures by attracting foreign investment, increasing economic diversification, sup-
porting patent applications, ensuring the quantity and quality of university students, and
increasing the innovative capacity of the economy to enhance the economic resilience
of the region, thereby increasing the economic base for responding to the COVID-19
pandemic. They also must strengthen the ecological system to improve the quality of
the residential environment and improve the medical infrastructure and the expertise
of doctors to better address the pandemic by increasing physician literacy, strengthen-
ing the promotion of professional knowledge, and implementing a core region-driven
strategy to promote the Shanghai, Nanjing, Zhejiang, and Hangzhou areas. In addition,
the region should strengthen interregional transportation and communication facilities,
improve interregional road and information networks, ensure circulation and connection
between areas with a high resilience index and those with low resilience, and provide
funds, technology, high-quality information, and prevention and control experience to
areas with low resilience in a timely manner to effectively respond to COVID-19.

4. The areas with low urban resilience indices are concentrated in the northern and south-
western parts of the Yangtze River Delta, mostly in Anhui Province, with some areas
in Jiangsu and Zhejiang provinces. Therefore, efforts should be made to develop local
resources for the challenging low-value areas of Anhui Province, especially economi-
cally less advanced areas such as Fuyang, Bozhou, and Soochow. Advantageous condi-
tions exist, and they could seize the strategic opportunity of the “rise of central China”
and seek financial support from the state. They could rely on the driving effect of the
nearest provincial capital city, Hefei’s, and actively engage with Shanghai, Nanjing, and
Hangzhou and other cities to promote the development of China. They can continue
to shift industries to other regions and develop economic industries with local charac-
teristics to optimize the industrial structure and improve the economy by combining
local advantages and conditions. This diversity will provide an adequate economic
basis for dealing with the new coronavirus, in addition to actively attracting indus-
tries. The process of the industry transfer of capital, technology, human resources, and
experience in outbreak response and management can improve local response capacity
while promoting local economic development. Increasing per capita disposable income,
thereby retaining the population, attracting foreigners, increasing economic activity and
employment, and thereby increasing the number of jobs will rebuild urban resilience in
the wake of the coronavirus pandemic.
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5 Conclusions

By constructing an urban resilience evaluation system, the resilience of the Yangtze River
Delta cities under the pandemic scenario was evaluated. The results can provide a quanti-
tative basis for urban resilience assessment under the pandemic scenario to provide a ref-
erence to help cities in different regions to improve urban resilience in the future. Based
on the above research, the following four dimensions of the new coronavirus pandemic
scenario were constructed: economy, ecology, infrastructure, and social systems. A com-
prehensive assessment index system for urban resilience in the Yangtze River Delta was
built to quantitatively assess the urban resilience of the Yangtze River Delta and reveal its
overall timing and spatial heterogeneity. Examining different regions to explore the influ-
encing factors led to the following conclusions: Through the construction of an urban resil-
ience evaluation system, the pandemic-based evaluation of the resilience of Yangtze River
Delta cities under the pandemic scenario provides an operational and quantitative basis for
the assessment of urban resilience under the pandemic scenario. This study provides les-
sons for improving the resilience of cities in different geographies across China. Based on
the above research, the four dimensions of economic, ecological, infrastructural, and social
systems were used to construct a new coronavirus pandemic scenario. A comprehensive
assessment index system for urban resilience in the Yangtze River Delta was created to
quantitatively assess the urban resilience of the Yangtze River Delta and reveal its overall
timing and spatial heterogeneity. The following conclusions were drawn from the impact
factor analysis of different regions.

1. The resilience of the Yangtze River Delta urban cluster under the COVID-19 pandemic
shows a continuous growth trend, although there are differences in the growth rate and
trend. The 2003-2004 period saw faster growth, followed by a short-term decline until
2008. Following this continued slow growth, until the first year of China’s comprehen-
sive deepening of reform in 2014, local livelihood policies focused on accelerating the
adjustment, unswervingly deepening reform, and promoting environmental governance,
resulting in a continuous growth trend.

2. The resilience structure of the Yangtze River Delta urban cluster under the COVID-19
pandemic scenario focuses on Shanghai, Nanjing, Soochow, Hangzhou, and Hefei as
the core, with the surrounding cities as the spokes. The Yangtze River Delta sees less
distribution of the high resilience urban clusters and greater distribution of clusters at
the higher and medium resilience levels, but most of the urban clusters fall into the low
resilience index.

3. From the spatial distribution point of view, the growth differences within the Yangtze
River Delta urban clusters under the COVID-19 pandemic are obvious; the spatial
local characteristics show that the urban resilience index of the Yangtze River Delta is
spatially clustered, with the capital cities of Jiangsu, Zhejiang, Anhui and large cities
in Shanghai as the main focus, decreasing from east to the west and decreasing from
coastal to inland.

4. The pandemic should lead to a response based on the actual situation of urban construc-
tion, focusing on the people; establishing health, safety, and grassroots livelihood protec-
tion; improving the medical security system and urban medical institutions; unifying and
coordinating development; actively attracting capital, technology, talent and pandemic
response, and management experience through industrial transfer from other countries;
promoting local economic recovery and development; implementing green, resilience,
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and health concepts; promoting improvements in the quality of urban development; and
formulating reasonable planning policies to take advantage of the relationship between
the whole and the parts.

6 Discussion

This paper selects economic, ecological, infrastructural, and social policy indicators to
assess the overall level of resilience in the Yangtze River Delta under the COVID-19 pan-
demic scenario. This assessment and comparative study of temporal and spatial variation
can support future response to the pandemic and thus effective organization and manage-
ment, thereby leading to improvements in urban resilience. The impact is critical. In deal-
ing with and responding to epidemics, elements such as the governance of urban social
policies need to play a leading role in the process of adjustment and adaptation.

Although this study has contributed to knowledge about the prevention and treatment
of COVID-19, there are still many deficiencies. First, the indicator system is not perfect
and lacks directly related indicators due to limitations of the discipline, so it is impossi-
ble to provide an in-depth understanding and analysis of COVID-19. In future studies, we
will continuously enhance our in-depth understanding of the pandemic area and further
improve the indicator system. In the process of sorting and ranking, this paper summa-
rized the role of resilience in the prevention and treatment of COVID-19 from the national
level. Although the experiences here can be used for reference in the prevention and con-
trol of COVID-19, its replicability is still insufficient. In the future, the urban infectious
disease prevention and control systems in developed countries should be further summa-
rized. Finally, the evaluation method needs to be updated constantly. At present, the most
accurate risk assessment method is carried out based on scenario simulation, but there are
few studies using this method in the field of urban resilience assessment. Therefore, schol-
ars need to work together to enrich the application of this method in the field of COVID-
19 to improve the urban plasticity evaluation system, effectively prevent and control the
coronavirus pandemic, ensure the protection of life, and strengthen the property of urban
resilience.
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