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abstract:
The global spread of the COVID-19 has had a significant 
impact on lots of cities. However, this crisis also provides 
a crucial opportunity to determine the drawbacks in the 
city’s construction and propose solutions for improvement. 
In detail, the fluctuations in a city’s urban resilience values 
between 2020 and 2022 can present its ability of withstand 
the disaster or recover quickly. This constitutes the central 
idea of the study. This study will discuss the concept of 
urban resilience, introduce the four target research cities 
located in the Yangtze River Delta of China, explain 
the rationale for selecting the entropy method and the 
specific calculation process, present the design ideas of the 
indicator system and justify the selection of certain specific 
indicators, analyse the calculated values, and finally offer 
recommendations for future construction in each city. In 
the Explanation section, a substantial amount of research 
on the targeted city is cited to provide a reasonable 
explanation for some strange calculation results. The 
division of urban resilience into five aspects (economic, 
infrastructure, ecological, social and community) allows 
for the identification of specific weaknesses, which in 
turn informs the targeted suggestions made for each city 
in the subsequent section. Furthermore, the successful 
experience of analogous urban construction in the past is 
also referenced, thus rendering these suggestions highly 
feasible.

Keywords: Yangtze River Delta, Urban resilience, 
COVID-19, Entropy method.

1. Introduction
The most significant event in recent years is undoubt-

edly the global pandemic of COVID-19. The out-
break of this novel, highly contagious virus in Wuhan 
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city in 2018 had a profound impact on China, affecting 
various aspects of life. In the period between January and 
June 2020, 83,534 cases of confirmed infection with the 
COVID-19 were reported in China, with a total of 90 mil-
lion individuals undergoing testing for the disease [1]. The 
social impact has been particularly severe. In comparison 
to the same period in 2019, the number of new urban jobs 
decreased by 1.73 million [2]. In the aftermath of this sig-
nificant health crisis, it is imperative that the government 
assess the disaster resilience of different cities to inform 
future policy and preparedness strategies. The concept of 
urban resilience can be a valuable framework for this as-
sessment.
In recent years, the popularity of “resilience” has explod-
ed in both academic and policy discourse, with numerous 
explanations for this dramatic rise [3]. The conventional 
definition is as the „The capacity of any urban system, in 
conjunction with its inhabitants, to maintain continuity in 
the face of external shocks and stresses, while simultane-
ously undergoing positive adaptation and transformation 
towards sustainability“. Therefore, a resilient city is one 
that assesses, plans and acts to prepare for and respond 
to hazards, irrespective of whether they are natural or hu-
man-made, sudden or slow-onset, expected or unexpected. 
Cities that are resilient are better placed to protect and en-
hance the lives of their inhabitants, to secure the benefits 
of development and to drive positive change [4].
This thesis will therefore develop a framework for calcu-
lating and assessing the urban resilience of four Chinese 
cities located in the Yangtze River Delta (YRD) region 
during the three years of the epidemic. An urban resilience 
evaluation system will be utilised to facilitate a compar-
ison including five aspects: ecology, economy, society, 
infrastructure and community. This approach enables a 
direct identification of the cities’ weaknesses, so as to pro-
vide more targeted suggestions to the cities.

2. Literature review

2.1 The definition of urban resilience and the 
existing calculation methods
Resilience was originally transformed from the Latin 
word “resilio” and came from applied science, meaning to 
recover the original state [5]. As cities continue to grow 
and grapple with uncertainties and challenges like climate 
change, urban resilience has become an increasingly fa-
vored concept [6].
Nevertheless, a unified definition, calculation standard, or 
method for urban resilience remains elusive within the ac-
ademic community. Meerow et al. synthesized 25 existing 
definitions of urban resilience in 2016, in order to propose 

a new definition of urban resilience, one that explicitly 
includes these six conceptual tensions, yet remains flex-
ible enough to be adopted by a range of disciplines and 
stakeholders. This definition is: Urban resilience refers 
to the ability of an urban system-and all its constituent 
socio-ecological and socio-technical networks across tem-
poral and spatial scales to maintain or rapidly return to 
desired functions in the face of a disturbance, to adapt to 
change, and to quickly transform systems that limit cur-
rent or future adaptive capacity [3].
However, despite the existence of a relatively comprehen-
sive definition that encapsulates the disparate perspectives 
of numerous scholars, there persists a divergence in the 
methodologies employed by different scholars to quantify 
urban resilience. Many current studies on urban resilience 
use a variety of different approaches. For example, Yi, Hu 
& Huang’s study on the urban agglomeration in the mid-
dle reaches of the Yangtze River pointed that the concept 
of urban resilience can be distilled into five key domains: 
economic resilience, social resilience, ecological resil-
ience, infrastructure resilience, and organisational man-
agement resilience [7]. Then, the resilience assessment 
value of each city is determined by calculating the weights 
(Using information entropy, the weight of each indicator 
is calculated to provide a basis for comprehensive evalu-
ation of multiple indicators). Other studies employ a sim-
ilar methodology, namely the construction of an indicator 
system and the subsequent calculation of weights. Howev-
er, the indicator layers utilized in these studies are usually 
different. You et al‘s study rearranged the indicators to 
include community resilience and removed organizational 
management resilience, and employed the entropy meth-
od with a time variable on the dimensions and indicators 
of empowerment to guarantee objectivity and precision. 
Their research also utilise the Theil index, which assesses 
the extent of regional resilience disparities [8]. Some other 
scholars choose less indicator layers, for example, Zhu et 
al.’s indicator system was composed of economy, society 
and polity [9].
Additionally, there is another method to discover the re-
lationship between factors and urban resilience. Chen et 
al. assumed that the inflow risk pressure of COVID-19, 
the city‘s economic activity, population density, and gross 
domestic product per capita would correlate in a logarith-
mic form with the time required to contain the epidemic‘s 
spread. The remaining variables would correlate in a 
linear form. Based on these assumptions, an econometric 
model is constructed: Time = α1 + β1lninflow + β2lngar-
bage + β3lndensity + β4lnGDPp + β4med + β5SARS + εi 
. Then the correlation was represented by scatter diagram 
[10].
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2.2 Previous findings on urban resilience
You, Sun & Liu discussed the value of urban resilience 
and its influencing factors of Jiangsu. This study examined 
the resilience of cities in Jiangsu Province from 2009 to 
2018, and identified a declining trend in the spatial config-
uration of resilience across southern, central, and northern 
Jiangsu, with an observed increase in resilience towards 
the end of 2018. Spatial correlation analysis indicates 
a positive correlation between overall and partial urban 
resilience in Jiangsu, suggesting an interaction between 
areas with comparable economic levels and geographical 
proximity. The spatial evolution map of urban resilience 
demonstrates that the resilience of cities in Jiangsu is not 
a random process [8].
Wang and Wang employed a comprehensive weighting 
method to evaluate urban resilience in the YRD. The find-
ings demonstrated an average annual growth rate of 4.23% 
from 2010 to 2020, with notable enhancements observed 
in each subsystem. The urban resilience core density curve 
demonstrated a rightward shift, accompanied by a reduc-
tion in convergence between cities. The city of Shanghai 
was the most economically, socially, and ecologically re-
silient, while the province of Anhui has demonstrated the 
most significant improvement in engineering resilience. 
The Hurst index value was 0.607, indicating that future 
resilience development would be consistent with existing 
trends, while enhancements in openness, ecological pre-
vention, digitalisation and industrial structure can bolster 
local urban resilience [11].
Moreover, Wang, Wang & Shi’s study examined the ur-
ban resilience of the central plains urban agglomeration 
in China from 2006 to 2019. The findings demonstrated 
an overall increase in urban resilience, with notable vari-
ations across regions. The spatial distribution of urban 
resilience was characterised by a prevalence of negative 
correlation types of low-low cold spot agglomeration ar-
eas, exhibiting a notable degree of spatial homogeneity. 
The spatial evolution of urban resilience in the northwest 
of the agglomeration and surrounding areas of Zhengzhou 
City is more dynamic, with areas exhibiting low resilience 
demonstrating greater stability. The urban agglomeration 
represents a significant constraint on the development of 
urban resilience, and the city‘s resilience is driven by a 
range of factors, including economic development, gov-
ernment finance, technological innovation, public services 
and the ecological environment [12].

2.3 The background of the four chosen cities
The Yangtze River Delta urban agglomeration (YRD) is a 
highly developed economic region in the eastern coastal 
area of China, which is composed of the following im-

portant cities:
Shanghai was selected by the Globalization and World 
Cities Study Group, ranking fifth in the world [13]. In 
2021, Shanghai‘s GDP reached 4.32 trillion yuan, ranking 
fourth in the world [14].
Nanjing is the capital of Jiangsu Province in China, with 
a total area of 6,582.31 square kilometres. In 2017, the 
total economic output of Nanjing reached 1,171.5 billion 
yuan, ranking 11th among Chinese cities [15]. Hefei is the 
capital of Anhui Province. The total administrative area of 
the city is 11,445 square kilometres. In 2023, the GDP of 
Hefei reached 1,267.38 billion yuan [16].
Hangzhou is the capital of Zhejiang, and a megacity. It is 
situated in the eastern part of China, with a total area of 
16,850 square kilometres. In 2023, the GDP of Hangzhou 
is projected to reach 2,005.9 billion yuan [17].

2.4 Summary, gap and critical review
There are many studies on urban resilience, but with re-
gard to the selected target research cities, the majority of 
studies focus on all cities within a province or region. In 
selecting the cities to be included in the study, insufficient 
attention was paid to the differences in status and level 
between the cities in question. This has resulted in a lack 
of clarity regarding the similarities and differences in ur-
ban resilience between the research objects themselves. 
This study will focus on four representative cities in the 
three years of the epidemic, thus enabling a comparison of 
urban resilience values and the severity of the epidemic. 
This kind of comparative study between different cities in 
the same region is a novel approach.
With regard to the calculation methods and indicator layer 
design, the majority of the aforementioned studies did not 
introduce novel approaches to the existing indicator sys-
tem. Instead, they merely eliminated a few factors based 
on the availability of data. While there are some discrep-
ancies in the initial indicator layer, the total number of 
factors included is comparable.
Furthermore, the dynamic nature of this type of research 
can be overlooked, whereby a dedicated indicator system 
is developed for events that occurred in the target research 
year. Consequently, the disparate studies exhibit consider-
able homogeneity, rendering it challenging to offer the ac-
ademic community a tangible and beneficial contribution.

3. Methodology

3.1 aim
The objective of this article is to analyse the impact of 
Covid-19 on four cities in the YRD of China from 2020 
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to 2022. This will be achieved by calculating the city 
resilience value, which will enable the derivation of the 
trend of change and the vulnerability of each city to be de-
termined. The entropy method will be used because it as-
signs weights completely objectively based on data only. 
See below for details.

3.2 The construction of indicator system
The indicator system this research used is shown below in 

Figure 1, which is designed by combining 10+ different 
indicator systems previous researches used and some oth-
er literatures.
Firstly, the majority of studies employ indicator levels that 
encompass urban economic resilience, urban environmen-
tal resilience, urban infrastructure resilience, and urban 
social resilience, so this will exist in this study [7, 8, 9, 11, 
12].

Table 1 Resilience Indicator System

The only added Level 1 indicator is community resil-
ience. The community serves as a regional social living 
community with multiple functions. It serves as a pivotal 
space for grassroots governance and a crucial position for 
epidemic prevention and control. In the event of a public 
crisis, the community can leverage its inherent multi-func-
tionality and flexibility to undertake a range of emergency 
response measures to address the crisis [18].
Volume of industrial wastewater discharged, percentage 
of sewage disposed and harmless disposal rate of house-
hold garbage is added in the ecological resilience which 
most of the previous researches didn’t include. That is 
because Zhu & Sun thought that the precipitous reduction 
in urban public green space, deficiencies in sewage and 
waste disposal systems and saturation of ecosystems will 

heighten the probability of urban vulnerability, while most 
researches only focus on the urban green area [19].
Number of residents’ committees was selected, since in 
the context of the epidemic, the neighbourhood commit-
tee bore responsibility for antigen testing of residents, the 
distribution of supplies, and the assurance of basic living. 
The number of neighbourhood committees can be used as 
an indirect indicator of the government’s capacity to con-
trol and protect the population in the event of a crisis.
Additionally, unemployment insurance coverage has been 
specifically incorporated in light of the ongoing epidem-
ic. In recent years, the Chinese government has publicly 
declared its intention to cease calculating the urban un-
employment rate, which is why this general indicator is 
absent from this study [20]. Consequently, unemployment 
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insurance can indirectly inform conclusions regarding 
people’s living standards and overall employment condi-
tions, and also compensate for the absence of employment 
indicators.
Another indicator that was deleted is the urban green cov-
erage rate. This was due to the fact that it was considered 
to be somewhat redundant with the urban park green area 
indicator. Furthermore, the statistical bases of the cover-
age rates for various cities are not consistent. Some are for 
built-up areas, while others are for the entire city. As a re-
sult, it is challenging to obtain an accurate result through 
this indicator.

3.3 Data collection
The four research cities selected for this study are all pro-
vincial capitals or municipalities situated within the YRD 
region, which means data is more available. The four cit-
ies share several common characteristics, including their 
relatively close geographical proximity, their status as 
economic centres within their respective regions, and their 
substantial populations. The choice of four cities allows 
for the simultaneous examination of the characteristics of 
a single region and the comparison of differences between 
different cities.
The time period selected is 2020-2022. The outbreak 
of COVID-19 in China was at the end of 2019. In light 
of the potential for the impact of the epidemic on urban 
resilience to manifest with a temporal lag, the data from 
2019 has been excluded from the research scope. The 
epidemic has essentially subsided in 2023, and there is a 
considerable dearth of statistical data for that year, which 
has consequently been excluded from the research scope. 
The years 2020 and 2022 represent the two most severe 
instances of the epidemic, marking the initial emergence 
of COVID-19 and the apex of the Omicron variant. In 
comparison, 2021 appears to be the most stable year in 
terms of the epidemic, and therefore the data from these 
three years may fluctuate and be comparable.
The fundamental indicators have been primarily sourced 
from the China City Statistical Yearbook, Statistical 
Yearbook of Shanghai, Hangzhou, Hefei and Suzhou, the 
National Economic and Social Development Statistical 
annual report of the four cities, and the official website 
of the Chinese government. The Statistical Yearbook is 
published annually by the statistical departments of local 
governments in China and has the highest timeliness and 
reliability. It should be noted that the data presented for 
each city in this study represents the entire city, rather 
than a specific district or region. In the absence of suffi-
cient data, only a limited number of indicators have been 
replaced by the city district caliber, while indicators with 

significant data gaps have been substituted with indicators 
of comparable representativeness.

3.4 Calculation method
In order to avoid interference and calculation error of sub-
jective factors, this study adopts the entropy method on 
the dimensions and indicators of empowerment to ensure 
objectivity and accuracy [21].
In order to eliminate dimensional differences, the level 
difference method is adopted to standardize the original 
data, and the obtained value is X.
1. If X  is a positive indicator, then the standardization 
equation is given as follows:

 X =
x xMax Min

x x−
−

Min

2. If X  is a negative index, then the standardization equa-
tion is given as follows:

 X =
x xMax Min

x xMax

−
−

3. Calculate the proportion of the i-th sample under the j-th 
indicator and regard it as the probability used in the infor-
mation entropy calculation.

 yij =

∑
i

m

=1

x¡¯

x¡¯

ij

ij

4. According to the definition of information entropy in 
information theory, the information entropy of a set of 
data is:

 e K y lnyj ij ij= − ∑
i

m

=1

 K lnm=1/
Where ej ≥0. If yij =0, define ej =0, and m  is the number 
of influencing factors considered.
5. Determine the weight of each indicator.

 Wj =
m e

1

−

−

∑
j

m

e

=1

j

j

 ( 1,2,3,..., )j m=
6. Calculate overall score.

 S y wi ij j=∑
j

n

=1

7. The scores of the cities were then recorded in an Excel 
and compared.

5



Dean&Francis

006

ISSN 2959-6149

3.5 Supplement: Calculated weight value

Table 2 Summary of Weight Calculation Results Using entropy Method

4. Results

4.1 Shanghai

Table 3 Shanghai’s Urban Resilience Values in Different Aspects and Overall Value

Table 4 The Urban Resilience of Shanghai in Different Aspects from 2020-2022

Shanghai displays a notable degree of economic resil- ience, whereas its ecological resilience is the lowest 
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among the cities under consideration. Furthermore, it is 
the sole city to exhibit a decline in its ecological resilience 
over the three-year period.

4.2 nanjing

Table 5 Nanjing’s Urban Resilience Values in Different Aspects and Overall Values

Table 6 The Urban Resilience of Nanjing in Different Aspects from 2020-2022

The community resilience of Nanjing is notably low, 
approaching zero, while its infrastructure and ecological 
resilience are both exceptionally high. The sole area in 

which resilience declined is that of social resilience.

4.3 Hefei

Table 7 Hefei’s Urban Resilience Values in Different Aspects and Overall Values
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Table 8 The Urban Resilience of Hefei in Different Aspects from 2020-2022

Hefei exhibits the highest ecological resilience among the 
five indicators, while its economic resilience is the lowest. 
Furthermore, it is notable that community resilience and 

infrastructure resilience are the only two indicators that 
have demonstrated a decline.

4.4 Hangzhou

Table 9 Hangzhou’s Urban Resilience Values in Different Aspects and Overall Values
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Table 10 The Urban Resilience of Hangzhou in Different Aspects from 2020-2022

The city of Hangzhou exhibits the highest indicator of 
economic resilience, while community resilience is the 
lowest. In general, the only indicator that shows a decline 

during this period is ecological resilience.

4.5 Contrast of resilience among the four cities
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Table 11 The Urban ecological Resilience among 4 Cities From 2020-2022

 
 

The city of Hangzhou exhibits the highest indicator of economic resilience, while 
community resilience is the lowest. In general, the only indicator that shows a decline 
during this period is ecological resilience. 

4.5 Contrast of resilience among the four cities 

 
Table 11 The Urban Ecological Resilience Among 4 Cities From 2020-2022 

 

 
Among all the three years, Hefei’s urban ecological resilience was always the highest, 
while Hangzhou’s was always the lowest. The other notable point is that all of the 
resilience value of these cities was growing all the time except for Shanghai. 
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Among all the three years, Hefei’s urban ecological re-
silience was always the highest, while Hangzhou’s was 
always the lowest. The other notable point is that all of the 

resilience value of these cities was growing all the time 
except for Shanghai.

Table 12 The Urban economic Resilience among 4 Cities From 2020-2022Table 12 The Urban Economic Resilience Among 4 Cities From 2020-2022 

 
 

In the period spanning 2020 to 2022, Shanghai’s urban economic resilience value was 
always the highest, with Hefei’s be the lowest. Additionally, Nanjing’s and 
Hangzhou’s urban economic resilience value were very close all the time. 
 

Table 13 The Urban Social Resilience Among 4 Cities From 2020-2022 

 
 

From 2020 to 2022, the city of highest urban social resilience value was Nanjing, with 
Hefei be the city of lowest score. The gap between Hangzhou’s and Shanghai’s social 
resilience value was decreasing year by year, finally nearly the same in 2022. All the 
cities’ value was increasing during the period. 
 

Table 14 The Urban Infrastructure Resilience Among 4 Cities From 2020-2022 
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In the period spanning 2020 to 2022, Shanghai’s urban 
economic resilience value was always the highest, with 
Hefei’s be the lowest. Additionally, Nanjing’s and Hang-

zhou’s urban economic resilience value were very close 
all the time.
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Table 13 The Urban Social Resilience among 4 Cities From 2020-2022

Table 12 The Urban Economic Resilience Among 4 Cities From 2020-2022 

 
 

In the period spanning 2020 to 2022, Shanghai’s urban economic resilience value was 
always the highest, with Hefei’s be the lowest. Additionally, Nanjing’s and 
Hangzhou’s urban economic resilience value were very close all the time. 
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From 2020 to 2022, the city of highest urban social resilience value was Nanjing, with 
Hefei be the city of lowest score. The gap between Hangzhou’s and Shanghai’s social 
resilience value was decreasing year by year, finally nearly the same in 2022. All the 
cities’ value was increasing during the period. 
 

Table 14 The Urban Infrastructure Resilience Among 4 Cities From 2020-2022 
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From 2020 to 2022, the city of highest urban social resil-
ience value was Nanjing, with Hefei be the city of lowest 
score. The gap between Hangzhou’s and Shanghai’s social 

resilience value was decreasing year by year, finally near-
ly the same in 2022. All the cities’ value was increasing 
during the period.

Table 14 The Urban Infrastructure Resilience among 4 Cities From 2020-2022

 
 

From 2020 to 2022, the city of highest urban infrastructure resilience value was 
Nanjing, and the city of lowest value was Hefei. Furthermore, only Hefei’s 
infrastructure value showed an downward trend overall, with Hangzhou’s value still 
keep a higher position compare with the value in 2020 after a reduction in 2022. 
 

Table 15 The Urban Community Resilience Among 4 Cities From 2020-2022 

 
 

From 2020-2022, the city of highest value of urban community resilience value was 
Shanghai. Additionally, Nanjing and Hangzhou’s values were extremely low compare 
to the other two, with Nanjing’s be the lowest. 

4.6 Overall score 
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From 2020 to 2022, the city of highest urban infrastruc-
ture resilience value was Nanjing, and the city of lowest 
value was Hefei. Furthermore, only Hefei’s infrastructure 

value showed an downward trend overall, with Hang-
zhou’s value still keep a higher position compare with the 
value in 2020 after a reduction in 2022.
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Table 15 The Urban Community Resilience among 4 Cities From 2020-2022

 
 

From 2020 to 2022, the city of highest urban infrastructure resilience value was 
Nanjing, and the city of lowest value was Hefei. Furthermore, only Hefei’s 
infrastructure value showed an downward trend overall, with Hangzhou’s value still 
keep a higher position compare with the value in 2020 after a reduction in 2022. 
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From 2020-2022, the city of highest value of urban community resilience value was 
Shanghai. Additionally, Nanjing and Hangzhou’s values were extremely low compare 
to the other two, with Nanjing’s be the lowest. 
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From 2020-2022, the city of highest value of urban com-
munity resilience value was Shanghai. Additionally, Nan-
jing and Hangzhou’s values were extremely low compare 

to the other two, with Nanjing’s be the lowest.

4.6 Overall score

Table 16 The Overall Value of Urban Resilience in 4 Cities from 2020-2022Table 16 The Overall Value of Urban Resilience in 4 Cities from 2020-2022 

 
 

In terms of overall urban resilience value, Shanghai has consistently ranked as the 
highest-performing city for the past three years, while Hangzhou has consistently 
ranked as the lowest-performing city. The urban resilience values of Nanjing and 
Hefei have exhibited a high degree of proximity over the course of the three-year 
period under consideration. In both 2020 and 2021, Hefei exhibited a higher urban 
resilience value than Nanjing. However, in 2022, Nanjing surpassed it with a small 
gap. 

5. Discussion 

This study aims to calculate urban resilience values of four major cities in China's 
YRD region between 2020 and 2022. It identifies weaknesses in each city and 
suggests future development pathways. Shanghai has the highest overall resilience, 
while Hangzhou has the lowest. Resilience values are generally increasing in all cities, 
but Hefei has a decrease in 2021-2022. Hefei and Hangzhou have very low economic 
resilience, and the social resilience of all cities were increasing. 
Firstly, Shanghai has the highest overall urban resilience value, which is attributed to 
its robust construction standards and expertise in enhancing urban resilience. The city 
has established and improved emergency response systems for epidemic prevention 
and control, including during the global pandemic. Shanghai has constructed sponge 
cities, enhanced urban risk warning and prevention systems, and implemented a 
comprehensive urban drainage system transformation strategy to alleviate urban 
waterlogging pressure. It also improved the emergency management system and 
enhanced new urban emergency management capabilities [22]. The Kearney Global 
Cities Index report indicates that the digital economy and advanced technologies have 
experienced accelerated development due to the pandemic [23]. Shanghai is the 
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In terms of overall urban resilience value, Shanghai has 
consistently ranked as the highest-performing city for the 
past three years, while Hangzhou has consistently ranked 
as the lowest-performing city. The urban resilience val-
ues of Nanjing and Hefei have exhibited a high degree of 
proximity over the course of the three-year period under 
consideration. In both 2020 and 2021, Hefei exhibited a 

higher urban resilience value than Nanjing. However, in 
2022, Nanjing surpassed it with a small gap.

5. Discussion
This study aims to calculate urban resilience values of 
four major cities in China’s YRD region between 2020 
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and 2022. It identifies weaknesses in each city and sug-
gests future development pathways. Shanghai has the 
highest overall resilience, while Hangzhou has the lowest. 
Resilience values are generally increasing in all cities, but 
Hefei has a decrease in 2021-2022. Hefei and Hangzhou 
have very low economic resilience, and the social resil-
ience of all cities were increasing.
Firstly, Shanghai has the highest overall urban resilience 
value, which is attributed to its robust construction stan-
dards and expertise in enhancing urban resilience. The 
city has established and improved emergency response 
systems for epidemic prevention and control, including 
during the global pandemic. Shanghai has constructed 
sponge cities, enhanced urban risk warning and preven-
tion systems, and implemented a comprehensive urban 
drainage system transformation strategy to alleviate urban 
waterlogging pressure. It also improved the emergency 
management system and enhanced new urban emergency 
management capabilities [22]. The Kearney Global Cities 
Index report indicates that the digital economy and ad-
vanced technologies have experienced accelerated devel-
opment due to the pandemic [23]. Shanghai is the leading 
position in China in terms of data infrastructure, digital 
integration applications, and digital economy demand, un-
derscoring its competitive edge [24].
However, Hangzhou’s urban resilience value is relatively 
low due to a lack of public awareness, low levels of par-
ticipation, and lack of legislation and regulations for resil-
ient city construction. The implementation of policies is 
hindered by unclear implementation processes, inefficien-
cies in management, and inadequate urban infrastructure 
[25]. Hangzhou’s urban infrastructure resilience declined 
significantly in 2022 according the above data, indicat-
ing that its infrastructure is inadequately constructed and 
unable to withstand the impact of the Omicron variant 
of the COVID-19. Additionally, Hangzhou’s community 
resilience was extremely low, which can be the major fac-
tor for its low overall resilience score. The reason for this 
discrepancy is that Hangzhou’s expenditure on urban and 
rural affairs is the lowest among the four cities, amounting 
to RMB 31.43 billion in 2022. In comparison, Shanghai, 
which has the highest expenditure, spent RMB 142.524 
billion during the same period [26].
The second result is the overall urban resilience value 
was increased in all cities despite the downward trend 
in Hefei from 2021-2022. The urban resilience in YRD 
has seen a significant increase from 2010 to 2020, with 
an average annual growth rate of 4.23% [11]. Similar-
ly, the results of the current research indicates that the 
growth rate for the four cities was 5.72% for 2020-2021 
and 1.03% for 2021-2022, which aligns with past trends, 
but with a deceleration in growth rate. Zhang and Wang 

explained that the dual impact of the epidemic and strin-
gent management strategy may have contributed to this 
result [27]. In 2019, China implemented the most strin-
gent dynamic zero-clearance policy. In 2021, Shanghai 
implemented a relaxed approach to epidemic prevention, 
only imply strict regulation and closed-loop management 
for incoming personnel [28]. In 2022, a further outbreak 
of the epidemic led to more stringent measures, including 
full-area static management and nucleic acid screening for 
all residents [29]. The timing of policy adjustments in the 
current study is consistent across cities, which aligns with 
Zhang and Wang’s study [27]. Hefei’s urban resilience 
decline between 2021 and 2022 can be attributed to the 
city’s late relaxation of control measures, which remained 
unrestored by the end of 2022. As a result, Hefei’s actual 
use of foreign capital was US$1.21 billion in 2022, a 66% 
decrease from US$3.6 billion in 2020. Another indicator 
that has dropped significantly is road freight, which fell to 
72.6% of last year’s level in 2022 [30].
Thirdly, Hefei and Hangzhou have very low economic 
resilience all the time. Previous studies have indicated that 
the economic scale gap within the YRD region is narrow-
ing; however, Anhui has not yet been fully integrated into 
the regional economic system. Anhui exhibits the poorest 
traffic accessibility, with the majority of its indicators lag-
ging behind those of other provincial capitals. Concurrent-
ly, Anhui exhibits a lower degree of trade dependence than 
Shanghai and Zhejiang, and its market is relatively closed. 
As the capital of Anhui Province, Hefei has worse condi-
tions and foundations for economic development in com-
parison to other cities [31]. Moreover, the negative impact 
of the epidemic on Hangzhou’s economic resilience may 
be attributed primarily to the significant decline in the 
tourism industry. Tourism is a significant contributor to 
the economy of Hangzhou. In 2019, the tourism industry 
accounted for 36.71% of the province’s total tourism reve-
nue and 26.05% of the city’s GDP [32]. Consequently, the 
revenue generated by the tourism industry in Hangzhou in 
2020 was 333.54 billion and 138.92 billion in 2022, repre-
senting a final decrease of 41.65% [26].
Lastly, the data above demonstrate that social resilience 
increased in all cities. Social resilience examined in this 
study includes the number of college students on campus, 
the number of beds in health facilities, the gross floor area 
per capita, and the natural growth rate. Specifically, the 
outbreak did not result in a significant decline in student 
numbers in China, even a growth of 54600 in Nanjing, 
with the vast majority of schools opting for either online 
or offline teaching methods under controlled conditions 
[20]. Concurrently, the admission standards for Chinese 
universities have become less stringent, resulting in a 
sustained increase in the number of college students. The 
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number of beds in health facilities has also risen in all 
four cities, for example, the 7.46% growth rate in Shang-
hai from 2020-2022, reflecting a significant investment 
in medical resources to address the COVID-19 [14]. The 
floor area per capitain all four cities has exhibited fluctu-
ations but has not undergone significant change, indicat-
ing that the epidemic has had a negligible impact on this 
aspect. Despite a decline in the natural population growth 
rate, the impact on urban social resilience has not been as 
pronounced as the growth of other indicators.
Overall, urban social resilience has demonstrated an up-
ward trajectory in response to the pandemic.

6. Recommendation
The above findings reveal that each city has demonstrated 
deficiencies in its capacity to withstand external disasters 
in the wake of the epidemic’s impact. However, the extent 
and nature of this impact vary considerably across cities. 
In light of the aforementioned conclusions, recommenda-
tions for future construction in these cities can be formu-
lated.
It is recommended that Shanghai should endeavour to 
maintain the current trajectory of development, whilst 
simultaneously ensuring environmental protection. In 
Singapore, environmental education is a component of 
the school curriculum. Schools provide students with an 
“ecological protection garden” wherein they may plant 
and observe the growth of plants of their own choosing. In 
addition, Singapore conducts an annual “Clean and Green 
Week,” which is open to the general public. Furthermore, 
the government has established environmental education 
bases, including landfill sites and new water treatment 
facilities, and has mandated that schoolteachers, students, 
and the general public visit these locations to enhance 
environmental awareness [33]. As a city with a similar 
economic status to Singapore, Shanghai could emulate its 
environmental protection measures.
The future development of Nanjing should prioritise com-
munity-level construction. For instance, urban and rural 
affairs expenditures augmented, and the potential for poli-
cy implementation and the guarantee of basic living stan-
dards to be compromised in crises in the future mitigated. 
Furthermore, the number of neighbourhood committees 
could be increased. During COVID-19, neighborhood 
committees positively correlated with residents’ perceived 
social cohesion and negatively with psychological stress. 
They serve as a bridge between residents and the munic-
ipal government, implementing social welfare policies 
[34]. In comparison, in 2022, the number of neighborhood 
committees in Nanjing was 909, while that in Shanghai 
was 4,849 [14, 20].

It is imperative that Hangzhou recovers expeditiously 
from the impact of the epidemic and enhances its urban 
resilience in a comprehensive manner. Among the most 
crucial aspects is the advancement of economic devel-
opment. For details, we can refer to the construction of 
Silicon Valley in the United States. Silicon Valley has be-
come a global centre for technology and entrepreneurship, 
with a strong technological innovation ecosystem, venture 
capital and support from university research centres. In 
fact, Hangzhou has already begun to attract overseas stu-
dents, including living allowances of 10,000 yuan for un-
dergraduates and 30,000 yuan for masters [35]. But these 
measures are not enough, and the appeal is not as great 
as other cities, such as Shanghai, which also offers more 
property purchase rights and reduces vehicle purchase 
taxes [36].
It is recommended that Hefei prioritizes economic devel-
opment and community-level improvement. In addition 
to the solutions mentioned above that can be applied to 
Hefei, it can also try to build a smart community, includ-
ing strengthening the public’s scientific cognition, for-
mulating systems, formulating smart platform standards, 
and improving governance performance [37]. Conversely, 
Hefei’s decline in overall resilience during 2021-2022 in-
dicates a need to enhance emergency preparedness and the 
efficacy and velocity of post-disaster recovery strategies.
Hefei’s government departments can review and analyze 
after the epidemic is over to identify wrong decisions and 
exposed weaknesses.

7. evaluation
This study offers a number of significant advantages. First-
ly, the concept of urban resilience is  relatively novel, and 
this paper contributes to the existing body of knowledge 
in this field. Additionally, this study incorporates both 
spatial and temporal variables, spanning four cities across 
a three-year period, thereby enhancing the research’s 
depth and breadth. The four cities are relatively developed 
urban centres situated within the YRD region of China. 
The period of investigation coincides with the peak of the 
global pandemic caused by the COVID-19 , allowing for 
a direct comparison of the findings and their potential for 
informing future policy. Furthermore, the indicator system 
employed in this study has been reorganised and designed 
with the objective of reflecting the various aspects of a 
city in the most comprehensive manner possible. In the 
course of data analysis, the data were interpreted from a 
variety of perspectives, and numerous comparisons and 
trends were identified, therefore, the suggestions given to 
each city is capable to solve their most pressing issues at 
this time.
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It should be acknowledged that this study is not without 
shortcomings. The research scope of this study does not 
extend to 2023, which may limit the richness of the re-
search results presented in this article. However, the data 
from the National Bureau of Statistics of China for 2023 
have yet to be released, and subsequent research may seek 
to address this gap. Additionally, the time span of this re-
search does not cover 2019 as a base year for comparison. 
That is because of the inconsistency of units in this year’s 
statistical data, and the calculation will be inaccurate. Fur-
thermore, due to the inconsistency in the definition and 
calculation methods of urban resilience, it is not possible 
to make a direct comparison between the resilience values 
calculated in this article and those calculated in other lit-
erature. This limits the extent to which previous research 
can be used when analysing the results.

8. Conclusion
This paper employs an indicator system to analyse the 
response of four Chinese cities during the period of 
COVID-19 with urban resilience value calculated for each 
city. The results indicates that Shanghai has the highest 
comprehensive resilience value, while Hangzhou has the 
lowest. Resilience values are generally increasing in all 
cities, while Hefei has a decrease in 2021-2022. Hefei and 
Hangzhou have very low economic resilience, and the so-
cial resilience of all cities were increasing. Furthermore, 
recommendations are put forth for future development. 
The concept of urban resilience is not yet fully developed, 
and therefore future research on this concept should be 
extended to encompass a larger geographical area and a 
longer time span, or to include other disasters. Ultimate-
ly, these cities will have greater resilience in the face of 
disasters, reduce economic losses and casualties, and pro-
mote social development.
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