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Measuring and improving public
space resilience to the COVID-19
pandemic: Chongging-China as a
case study

Mohsen Alawi, Dongzhu Chu* and Yang Rui

School of Architecture and Urban Planning, Chongging University, Chongging, China

The COVID-19 pandemic emphasized the importance of public spaces.
Accessing public spaces during the pandemic improves physical health, reduces
feelings of loneliness, and lessens depression. However, not all public spaces
can provide an effective response during the pandemic. The public spaces’
ability to respond to the pandemic varies depending on their resilience level,
which refers to the capability of those spaces to adapt to the challenges posed
by the COVID-19 pandemic and maintain functionality to meet users’ needs
during this crisis. By investigating the response of existing public spaces to the
COVID-19 pandemic and identifying and examining the criteria of pandemic
resilience, this study aims to explore and improve public spaces’ capability to
respond effectively during the pandemic. One hundred and sixty nine public
spaces in three regions in Chongging City in China are studied. Four main criteria
involving 9 sub-criteria of pandemic resilience that can be integrated into public
spaces’ planning and design are studied. Three questionnaire surveys are used
in this study to examine how public spaces adapt to the pandemic and evaluate
the pandemic resilience criteria. The questionnaire data is analyzed using the
Statistical Package for Social Sciences (SPSS) software. The pandemic resilience
criteria are assessed and analyzed using a Geographic Information System (GIS).
The study utilized the analytic hierarchy process (AHP) to assign weights to the
criteria of pandemic resilience. Weighted overlay analysis (WOA) is applied to
assess the pandemic resilience level in public spaces. Results indicate various
possibilities for pandemic resilience depending on the characteristics of the
area. However, these resilience levels are inadequate to respond effectively
to the pandemic, resulting in diminished utilization of public spaces during
the COVID-19 pandemic across all studied regions compared to the periods
preceding the pandemic and after the complete reopening. This study presents
a remarkable source for strengthening the resilience of cities against pandemic
emergencies.
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1 Introduction

Most of the global population now resides in urban areas, with
over half of the planet’s inhabitants currently living there (United
Nations, 2018). Cities serve as magnets for individuals seeking
business opportunities and innovation. However, they also represent
areas vulnerable to sudden stresses or shocks, which can precipitate
social, physical, or economic collapse (Sharifi et al., 2021). Despite
their historical resilience in the face of challenges such as resource
scarcity, natural disasters, and conflicts, the 21st century presents new
and escalating threats to urban environments, including pandemics,
terrorism, and climate change. This escalation is fueled by the rapid
growth of urban populations (Resiliencelndex, 2014).

Diseases pose one of the most severe threats to human life and
global economies. In recent decades, the world has witnessed an
increase in the number of new infectious diseases that have had an
impact not only on the health sector, but also on the urban environment
and the economy (Eltarabily and Elghezanwy, 2020), including Severe
acute respiratory syndrome (SARS), Ebola virus disease (EVD),
Middle-East respiratory syndrome (MERS), Avian influenza (Lancet,
2020), and lately, the COVID-19 outbreak that has emerged by the end
of 2019 in Wuhan City in China; then, it spread during the following
months to infect most of the world cities. By the end of January 2024,
the Corona pandemic had taken the lives of more than 6.97 million
people and afflicted over 702 million individuals (Meter, 2024).

The COVID-19 pandemic underscored the profound significance
of public spaces. Studies show that accessing public spaces during the
pandemic improves physical health, relieves stress, reduces feelings of
loneliness, and lessens depression (Soga et al., 2021; Spennemann,
2021; Hohl and Lotfata, 2022). Conversely, restricted access to public
spaces during the pandemic has been connected to adverse effects on
individuals’ physical and psychological well-being, with implications
for cognitive abilities, depression and stress, academic achievement,
physical activity, weight gain (Husky et al., 2020; Wang et al., 2020),
and increase in incidents of domestic abuse (Silverio-Murillo et al.,
2020). It also largely affects vulnerable populations such as those with
respiratory impairment, recovering from cancer,
immunocompromised, the elderly, people with comorbidities, and
those with potentially worsening health conditions (Slater et al., 2020).
However, due to the restrictions implemented by numerous countries
to limit the pandemic spread, public space usage has been severely
affected (Tareke, 2023), preventing people from enjoying the benefits
of public spaces during this challenging time.

Given the profound importance of public spaces during the
pandemic and to improve their response to the pandemic and avoid
their closure and usage restriction, resilience becomes paramount.
Resilience holds various meanings in academia, contingent on the aspect
or domain under investigation (Ribeiro and Gongalves, 2019; Alawneh
and Rashid, 2022; Mengistu et al,, 2022; Sharifi, 2023). Pandemic disaster
resilience, in particular, refers to the urban environment’ ability to resist
a blow without considerable structural or functional alterations (Zhou
et al,, 2020). In this context, the concept of “disaster resilience” has
recently gained prominence in urban contexts (Sharifi, 2020), and the
notion of a “disaster-resilient city” is increasingly featured in institutional
policy documents and disaster management studies (Alawi et al., 2023).

The significance of public spaces during the COVID-19 pandemic,
the pandemic’s impact on public space usage, and the necessity for
pandemic resilience underscore the urgent need for this study. This
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research aims to establish resilient public spaces capable of effectively
responding to the pandemic by addressing the following inquiries: Q1:
How did the existing public spaces respond to the COVID-19
pandemic? Q2. How can the pandemic resilience in public spaces
be examined to explore and enhance their capability to respond
effectively during the pandemic?

This study explores the response of existing public spaces in
Chonggqing to the COVID-19 pandemic by examining the impact of the
pandemic on daily public space utilization before, during, and after the
outbreak (following the announcement of the complete reopening policy
in China on January 8, 2023). Additionally, it investigates pandemic
resilience in public spaces by developing and analyzing four primary
resilience criteria: accessibility, safety, efficiency, and multifunctionality.
The study assesses the response of current public spaces to the
COVID-19 pandemic and evaluates pandemic resilience criteria in 169
public spaces, including squares, public parks, sports fields, waterfronts,
and residential block parks in three regions of Chonggqing City, China
(43 public spaces in the Yuzhong region, 61 public spaces in the old
Shapingba region, and 65 public spaces in the University town region).

This study’s novelty lies in its detailed examination of the
COVID-19 pandemic’s impact on the daily use of public spaces,
marking the first such investigation in Chonggqing. Furthermore, it
delves into the vulnerability of existing public space networks to the
pandemic and integrates pandemic resilience into public space
planning and design, thereby creating public spaces that perform
effectively whether the situation is normal or in a pandemic
emergency. This study serves as a significant resource for decision-
makers, architects, and planners, enabling them to create pandemic-
resilient public spaces, thereby mitigating the pandemic’s effects
and losses and enhancing the resilience and sustainability
of communities.

The remainder of this paper is arranged in the following
order: The second section provides a literature review connected
to the study topic. This section consists of three parts. The first
part explains the need for public spaces during the pandemic. The
second part explores the effect of the COVID-19 pandemic
response policies on public spaces. The third part explains the
need for resilient urban planning and design as a solution to cope
with the pandemic in public spaces. The third section describes
the study’s materials and methods. This section consists of four
parts. The first part presents the study area (Chongging City) and
the three regions of the research: Yuzhong, old Shapingba, and
University town. The second part elaborates on the dimensions
utilized in this study to examine the impact of the COVID-19
pandemic on existing public spaces. The third part develops the
pandemic resilience criteria that could be incorporated into the
planning and design process of public spaces. The fourth part
explains the methods of the study.The fourth section shows and
assesses the results of the study. It consists of four parts. The first
part evaluates the impact of the COVID-19 pandemic on the
existing public spaces in Chonggqing. The second part assesses the
COVID-19 pandemic resilience criteria in public spaces. The
third part determines the pandemic resilience level of public
spaces. The fourth part provides solutions and recommendations
for improving the pandemic resilience in public spaces. The fifth
section includes the study conclusion. The sixth section presents
the limitations of the study and recommendations for
future research.
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2 Literature review

2.1 The need for public spaces during the
pandemic

The COVID-19 pandemic underscored the significant role of
public spaces, a theme explored in numerous studies globally. In
China, (Zhu and Xu, 2021) highlighted the significance of public
spaces as contributors to well-being. Utilizing a social platform, they
analyzed emotions within and surrounding urban public spaces in
Beijing. Their results indicated that amid the height of the pandemic,
visitors to public spaces produced a greater number of positive
microblogs within these areas compared to outside them. They
identified landscapes and plants as pivotal elements fostering
feelings of positivity. Additionally, (Yang et al., 2021) emphasized
the beneficial influence of public spaces on individuals’ health. Their
research showed that residents residing in neighborhoods abundant
with public green spaces exhibited a lesser reduction in daily
physical activity levels compared to those in regions with fewer
green spaces. Furthermore, (Ye and Qiu, 2021) employed a
landscape ecology methodology in their investigation carried out in
Wuhan City. Their results unveiled the advantageous impacts of
landscape measurements on regulating contagion spread and
accentuated the essential function of public and green spaces in
improving community well-being. Moreover, (Yao et al., 2022
conducted a nationwide investigation in China to examine the
function of public spaces in alleviating the mental health
repercussions of COVID-19. One of their primary discoveries was
the favorable influence of public spaces on mental well-being amid
crises like the COVID-19 pandemic, helping to alleviate its
negative consequences.

Ugolini et al. (2020) conducted a study at a European level,
providing some of the earliest insights into the utilization and
perception of individuals regarding public spaces during the
pandemic. Their research unveiled that urban residents prioritize
convenient access to public spaces to engage in vital activities such as
nature observation, exercising, and relaxation. A noticeable shift in
behavior was observed, with an increasing demand for proximity to
public spaces, particularly green spaces. In Turkey, as reported by
(Erdonmez and Atmis, 2021), citizens expressed reluctance toward
closing public spaces during the pandemic. Findings from a Turkish
survey indicated that the pandemic primarily resulted in psychological
challenges rather than physical ones. Moreover, the survey emphasized
the importance of easy access to public spaces as a critical factor in
mitigating the severity of the pandemic’s effects. In Spain, (Jato-Espino
et al., 2022) conducted a spatial statistical study examining the
correlation between proximity to green infrastructure and self-
reported mental health. Their findings indicated that individuals living
in close proximity to green infrastructure reported significantly lower
levels of anger, stress, alcohol consumption, medication use, and
doctor visits. Additionally, amid the pandemic, public spaces can
be repurposed into emergency hospitals to treat individuals infected
with the virus, as well as isolation centers and sites for conducting
pandemic-related examinations.

The studies above underscore the positive effect of utilizing public
spaces on well-being, health, and community resilience amid the
pandemic. However, significant changes resulting from the COVID-19
pandemic have transformed cities and urban lifestyles, potentially
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influencing the utilization of public spaces during this period. This
matter will be further explored in part 2.2.

2.2 The effect of the COVID-19 pandemic
response policies on public spaces

Despite the significant role of public spaces during the pandemic,
as outlined in part 2.1, many local governments worldwide enforced
varying degrees of restrictions on public space usage as part of
comprehensive response policies to address the pandemic. These
measures significantly impacted public space utilization during the
pandemic. In the first waves of the pandemic, numerous countries
implemented “stay-at-home policies” that limited access to public
spaces, imposed strict time constraints on their usage, mandated
personal protective measures and social distancing, or even prohibited
public space utilization altogether. China, Turkey, Chile, Venezuela,
2021), and Switzerland

(Kleinschroth and Kowarik, 2020) are among the countries that

Iran, Hungary (Honey-Rosés et al,

enforced quarantine policies and restricted access to public spaces.

In some countries like Italy and Spain, while public gatherings
were initially prohibited, outdoor sports and walking were permitted.
However, this policy shifted due to a sharp increase in positive cases
of the virus. Italy subsequently outlawed all forms of exercise and
restricted walking to within 200 meters from one’s residence; leaving
home was only permitted for essential reasons. Similarly, in Spain, a
ban on visiting public spaces was enforced on March 14, 2020, as part
of the strictest set of restrictions, allowing outdoor activities only for
essential purposes (Ugolini et al., 2020).

In the Netherlands, despite the quarantine measures enforced
beginning December 24, 2020, regulations permitted a maximum of
two individuals to engage in sports outdoors while adhering to a
minimum distance of 1.5 meters from each other. Individuals under
18years old were allowed to take part in outdoor sports activities,
granted they maintained the required 1.5-meter distance (Nu
N1, 2020).

In Croatia, Lithuania, and Slovenia, outdoor pursuits remained
allowable during the entire duration of pandemic restrictions.
However, strict warnings were issued to maintain a safe distance from
other individuals and to avoid gatherings of any size (Ugolini
et al., 2020).

Contrarily, certain countries refrained from enforcing restrictions
on the utilization of public spaces. For instance, notwithstanding
curfew measures implemented in numerous countries such as the
Philippines, the United States, France, Germany, Austria, and England,
public spaces remained accessible (Turkish, 2020).

On the other hand, following the relaxation of pandemic
restrictions and the resumption of public space usage, the pandemic’s
impact persisted. Several studies have indicated a decrease in the
public spaces’ utilization after easing the pandemic restrictions
(Nelson Grima et al., 2020; Xie et al., 2020; Addas and Maghrabi, 2022).

In this context, policy measures enacted to deal with the
COVID-19 pandemic have resulted in unequal or discriminatory
access to public spaces for certain demographic groups. The literature
indicates that access to public spaces is unevenly distributed,
particularly in cities, contributing to social and environmental
inequality (Haase, 2020; Simon, 2020; Honey-Rosés et al., 2021).
Vulnerable groups are more severely impacted by COVID-19 due to
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their restricted access to public spaces (Honey-Rosés et al., 2021). A
study conducted by (England, 2020) revealed that a third of the
surveyed respondents had not visited any natural spaces for 2 weeks.
These findings are associated with the socioeconomic status of the
participants: individuals living alone or in high-deprivation areas,
those with low incomes or education levels, or the unemployed were
less likely to frequent public spaces.

The studies above indicate that COVID-19 response policies have
significantly altered public space usage globally, leading to the
underutilization of public spaces during the pandemic. Given the
substantial importance of public spaces during such crises, resilient
urban planning and design have become imperative to enhance their
response while mitigating closures and usage restrictions. This aspect
will be discussed in detail in the following part.

2.3 Resilient urban planning and design as
a solution to cope with the pandemic in
public spaces

This study posits that resilience is pivotal in addressing the
difficulties posed by the Covid-19 pandemic in public spaces. In light
of this, urban planning and design possess the capability to highly
participate in establishing resilient disaster cities and become an
important instrument in limiting the destructive consequences of
disasters and reinforcing the resilience of communities owing to its
potential to integrate multi-dimensional features that lessen the
impacts of disasters. Many recent studies emphasized this importance
(Hossain, 2014; Villagra-Islas and Alves, 2016; Covatta and Ikalovic,
2022). Moreover, contemporary global accords like the Sendai
Framework for Disaster Risk Reduction (2015) (UNISDR, 2015), the
Hyogo Framework for Action (2005) (UNISDR, 2005), and the 2030
Agenda for Sustainable Development (2015) (United Nations, 2015)
have stressed the significance of integrating resilience strengthening
and reducing disaster risk into the processes of urban planning
and design.

Integrating pandemic disaster resilience into public space
planning and design can significantly contribute to effective recovery
and mitigate the pandemic’s impact. However, current research places
relatively little emphasis on resilient planning and designing public
spaces for pandemics. Most studies on public spaces during pandemics
primarily focus on their importance and the pandemic’s impact on
their usage, with only a handful considering public space resilience for
pandemics (refer to Table 1). Nonetheless, these studies generally lack
clear practical guidance on how to plan and design resilient public
spaces to address pandemics. Instead, they underscore the importance
of public spaces being resilient for future pandemics and advocate for
changes in public space design and planning. For instance, (Huerta,
2022) underscored the importance of rethinking the distribution of
public green spaces to ensure universal access during future
pandemics. Alkhaja et al. (2023) explored the significance of ensuring
efficient access to parks in future planning to optimize their use during
pandemics. Abdel-Razek and Moanis (2021) highlighted the necessity
for urban design to prioritize health and well-being in public spaces
through resilient urban design strategies.

Within this context, the COVID-19 pandemic is unlikely to be the
last global health crisis, and thus far, accurately forecasting the timing
of such diseases has proven challenging. Consequently, there is
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increasing pressure on urban planners, engineers, architects, and
authorities to enhance the resilience of cities to pandemics. There is
an urgent need to devote more attention to creating resilient cities
capable of withstanding the impacts of pandemics. This entails
conducting further studies on measuring urban areas’ resilience to
disease outbreaks, enhancing governance, and integrating physical
design and planning into the built environment.

In this regard, by developing pandemic resilience criteria that can
be integrated into the planning and design of public spaces (refer to
part 3.3) and conducting a practical study to examine and evaluate the
level of pandemic resilience in public spaces, this study provides a
valuable resource for decision-makers, planners, and designers
seeking to create pandemic-resilient public spaces.

3 Materials and methods
3.1 Study area and research sites

3.1.1 Chongqging and COVID-19 pandemic

The case study was carried out in Chongqing City, located in the
southwestern part of China (see Figure 1 top part). Chongqing is the
largest city in the southwestern part of China and is considered China’s
most famous mountainous city. It has an area of approximately 82,400
square kilometers and a population of over 30 million (Statistics
CMBO, 2021).

Chongging, similar to other cities in China and many cities in the
world, was affected by the COVID-19 pandemic, which spread to the
municipality quickly due to its geographical location near Wuhan, the
city where the pandemic appeared for the first time. The first confirmed
case of the COVID-19 pandemic appeared in Chongqing on February 5,
2020. Then, the Chongging Municipality announced the complete
closure of the municipality, including public spaces, on February 20,
2020; the closure continued until May 5 of the same year, after ensuring
containment of the pandemic. After reopening the city, residents could
go to public spaces with the need to adhere to health measures to prevent
infection. By the end of 2022, Chongqing had recorded an excess of
80,000 pandemic cases spread across its various districts (Networlk,
2022). Chongqing was selected as a case study area due to its significance
in understanding urban public space resilience. The city’s high population
density and complex topography render it vulnerable to various disasters,
including pandemics. Furthermore, the absence of prior research on
public space response to pandemics in Chongging underscores the
importance of investigating this topic within the city’s context.

3.1.2 Research sites

Owing to the complex characteristics of Chongging that vary
from one area to another, the study was keen to choose three urban
sites with different characteristics (central mountainous region,
ancient mountainous region, and modern flat region) to gain a
comprehensive understanding of the city’s overall traits and explore
the impact of the area characteristics on the public spaces’ pandemic
resilience and thus on the response to the pandemic. The three
selected regions are detailed below:

« Yuzhong region (Central mountainous region)

Yuzhong District is the center of Chongging City and the city’s
main economic and recreational center. It is situated on a peninsula
formed by the intersection of the Jialing and Yangtze Rivers.
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TABLE 1 The focus of studies on public spaces during the COVID-19 pandemic.

10.3389/frsc.2024.1383933

Study title Reference Study focus

Other aspects
“How the COVID-19 pandemic highlights the lack of accessible public Kordshakeri and Fazeli (2020) 4
spaces in Tehran”
“Who has access to urban vegetation? A spatial analysis of distributional | Nesbitt et al. (2019) v
green equity in 10 US cities”
“Urban parks as green buffers during the COVID-19 pandemic” Xie et al. (2020)
“Urban green equity and COVID-19: Effects on park use and sense of Pipitone and Jovi¢ (2021)
belonging in New York City”
“Street Vibrancy and Outdoor Activities under COVID-19 Psychological | Zordan etal. (2023) 4
Distress: Lessons from Hong Kong”
“Stadiums as possible hot spots for COVID-19 spread” Hassanzadeh-Rad and Halabchi (2020) v
“Rethinking the distribution of urban green spaces in Mexico City: Huerta (2022)
Lessons from the COVID-19 outbreak”
“Resilient Urban Open Public Spaces in During the Covid-19 Pandemic” | Abdel-Razek and Moanis (2021)
“Reexamine the value of urban pocket parks under the impact of the Liu and Wang (2021) v
COVID-19"
“Post-pandemic planning: Do we have enough and efficient access to Alkhaja et al. (2023)
parks?”
“Peer Reviewed: Recommendations for keeping parks and green space Slater et al. (2020)
accessible for mental and physical health during COVID-19 and other
pandemics”
“Nourishing and protecting our urban ‘green’space in a post-pandemic Rodgers (2020) v
world”
“Lack of sufficient public space can limit the effectiveness of COVID-19s | Nobajas et al. (2020) v
social distancing measures”
“Impacts of COVID-19 pandemic on urban park visitation: a global Geng et al. (2021) v
analysis”
“The impact of the COVID-19 pandemic on the use of and attitudes Da Schio et al. (2021) v
toward urban forests and green spaces: Exploring the instigators of
change in Belgium”
“The impact of the Covid-19 pandemic on green space use in Turkey: Is Erdénmez and Atmis (2021) v
closing green spaces for use a solution?”
“The impact of COVID-19 on public space: an early review of the Honey-Rosés et al. (2021) v
emerging questions—design, perceptions and inequities”
“T will stay here’: public space and social inequality during the Gutiérrez (2023) 4
COVID-19 pandemic”
“How the COVID-19 pandemic highlights the lack of accessible public Kordshakeri and Fazeli (2020) v
spaces in Tehran”
“How pandemics spurred cities to make more green space for people” Klein (2020)
“How Has the COVID-19 Pandemic Affected the Perceptions of Public Han et al. (2021)
Space Employees?”
“How did the COVID-19 pandemic impact urban green spaces? A Addas and Maghrabi (2022) v
multi-scale assessment of Jeddah megacity (Saudi Arabia)”
“Exercising under COVID-2x: Conceptualizing future green spaces in Spennemann (2021) v
Australia’s neighborhoods”
“Evaluating the risk of accessing green spaces in COVID-19 pandemic: Pan and Bardhan (2022) '4
A model for public urban green spaces (PUGS) in London”
“Effects of the COVID-19 pandemic on the use and perceptions of urban | Ugolini et al. (2020) v
green space: An international exploratory study”

(Continued)
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TABLE 1 (Continued)

Study title

Reference

10.3389/frsc.2024.1383933

Study focus

Resilience Other aspects

“Do We Need Different Urban Green Spaces Now? A Case Study of Misiune (2023) v
Preferences during Pandemics”

“COVID-19 crisis demonstrates the urgent need for urban greenspaces” Kleinschroth and Kowarik (2020)

“Changing use of public spaces in Cairo during COVID-19” Bakir and Attia (2021)

“Can parkland mitigate mental health burden imposed by the Yao et al. (2022) 4
COVID-19? A national study in China”

“City Square: Redefining Public Spaces During and After the Pandemic” | Garcia (2020) 4
“Covid-19 pandemic and public spaces: improving quality and flexibility = Sepe (2021) v

for healthier places”

“Effect of park use and landscape structure on COVID-19 transmission Johnson et al. (2020) v
rates”

“How public spaces can adapt to a post- pandemic world” Chawla (2021)

“Realizing the value of greenspace: A planners’ perspective on the Ahmadpoor and Shahab (2021)

COVID-19 pandemic”

“Social Distance Applications in Urban Green Areas in Pandemic” Bayramoglu et al. (2021)

“Coping with crisis: green space use in helsinki before and during the Korpilo et al. (2021)

COVID-19 pandemic”

“Who benefits from urban green spaces during times of crisis? Lopez et al. (2021) v
Perception and use of urban green spaces in New York City during the

COVID-19 pandemic”

“The role of perceived public and private green space in subjective health | Poortinga et al. (2021) v
and wellbeing during and after the first peak of the COVID-19 outbreak”

“Spatial distributive effects of public green space and COVID-19 Pan et al. (2021) 4
infection in London”

“From the Streets to Citizen Spaces: Positioning Parks and Green Spaces | Burrowes and Schilling (2021) v
in an Equitable COVID-19 Recovery”

The studied region is located in the main area of the Yuzhong
District, connected to the region of the intersection of the two rivers
(see Figure 1C). It has a population of approximately 377,613 people
and a population density averaging nearly 50,348 people /km?, as per
the 2020 statistics (Statistics YDBO, 2021).

« Old Shapingba region (Ancient mountainous region)

Shapingba District is located in the southwestern part of
Chonggqing City. It is a typical mountainous district, dissected by the
Jialing River with generally beautiful views, which show a mixture of
low mountains, hills, and terraces.

The old Shapingba part chosen in this research is located on the
western side of the Jialing River (see Figure 1B). It has an estimated
population of around 213,134 residents, with a density averaging
nearly 27,324 people /km? as per the 2020 statistics (Statistics
SDBO, 2021).

o University town region (Modern flat region)

University town is an open and relatively flat area with wide
streets when compared with the rest of Chongging and can
be considered one of the choicest flat regions in Chongging. According
to the latest plan, a part of the University town becomes under the
authority of High Technology (Direct Management Park), while the
other part belongs to the Shapingba District.

Frontiers in Sustainable Cities

The studied region of the University town is situated in the part
belonging to the Shapingba District (see Figure 1A) with a
population of nearly 186,449 people, and an average density of
roughly 17,263 people /km?, as per the 2020 statistics (Statistics
SDBO, 2021).

3.2 The impact of the COVID-19 pandemic
on the existing public spaces

The study investigated the impact of the COVID-19 pandemic
on the existing public spaces from three dimensions. Firstly, it
examined the impact of the COVID-19 pandemic on public spaces
during severe phases of the pandemic. This involved examining how
the pandemic affected public spaces during periods of high severity.
It encompasses the first period of the pandemic in Chonggqing,
which witnessed a complete lockdown from February 5, 2020, until
May 5, 2020, as well as other short severe waves that led to complete
lockdowns in the studied areas throughout the three-year period of
pandemic management (2020, 2021, and, 2022). Second, it
investigated the impact of the COVID-19 pandemic on public
spaces during moderate phases of the pandemic. This focused on

frontiersin.org


https://doi.org/10.3389/frsc.2024.1383933
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Alawi et al.

10.3389/frsc.2024.1383933

1061830

106270

EISHE

- —
0153 6 9 12

S
1 )

— Yuzhong district region|

Old Shapingba region B

106180

106270

—— —
00505 1 5 2

Waterfront

K

Residential block park

v

0 025 05

Sports field

15

— University town region}Z

06TSHE

2

- Public park

- Square

FIGURE 1

Studied regions’ location (top part) and their public spaces type: (A) University town region; (B) Old Shapingba region; (C) Yuzhong region.

understanding how the pandemic influenced the utilization of
public spaces during moderate phases. It covers the period following
the relaxation of pandemic restrictions and the cessation of citywide
lockdowns, during which public space usage was permitted while
adhering to pandemic-related constraints. This period spans from
May 6, 2020, to January 8, 2023, excluding the short severe periods
that experienced complete lockdowns within this timeframe. Lastly,
the study examined the impact of the COVID-19 pandemic on
public spaces after the complete reopening of China and the
cessation of the pandemic restrictions. This aspect involved
studying the utilization of public spaces after the complete removal
of all pandemic-related restrictions and the declaration of China’s
full reopening. This phase encompasses the period after January
8,2023.

3.3 The criteria for pandemic-resilient
public spaces

3.3.1 Accessibility

Accessibility is a fundamental urban concept that describes how
easy it is to get to any given area ( )-

The emergency resilience of an access network is identified as the
capability of the access network infrastructure to keep the functionality
or minimize the effect after a disturbance. In addition, the system

Frontiers in 07

needs to be capable of bouncing back from setbacks or adjusting to
new circumstances (
)-

During the COVID-19 outbreak, the Centers for Disease Control
(CDC) has suggested people utilize types of transportation that reduce
close contact with each other, like walking and cycling (

). At the same time, the World Health Organization
(WHO) recommends walking or cycling as they are less at risk of
contracting SARS-CoV-2, apart from their crucial role in raising the
life quality in cities ( ). In this regard,
ensuring equity in the availability and quality of access networks
(walking paths and cycling lanes) (

) is a major consideration for ensuring resilience
to pandemics in public spaces. The presence of equitable and efficient
access to public spaces improves the ability of the community to
withstand and recover from a pandemic ( ).

Accessibility can be measured through different methods. The
access network characteristics are crucial aspects that should
be considered when measuring accessibility. Proximity is another
important factor for measuring accessibility to public spaces (

)

Accessibility in this study refers to easy and safe physical reaching
to public spaces within a short period of walking or cycling,
considering the pandemic measures. Two sub-criteria determine
accessibility in this study: active transportation network (pedestrian
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paths and bike lanes connecting users’ homes to public spaces) and
the proximity of public spaces to homes (Table 2).

3.3.2 Safety

Safety is considered a major priority in public spaces during
pandemics. The COVID-19 pandemic has revealed difficulties in
safety standards in public spaces. The utilization of public spaces by
large crowds can potentially elevate the risk of disease transmission
(Mehta, 2020). Therefore, some public health strategies have recently
emerged to reduce the possibility of disease transmission in public
spaces through individual and community approaches. Major
individual actions include wearing masks (Ding and Zhang, 2022) and
staying at least 1 meter away from other individuals and paying
attention to the etiquette of respiratory reflexes, such as sneezing or
coughing into a tissue or elbow (Canada PHAO, 2020). On the other
hand, the community-based approaches have comprised preventive
closures and limitations on activities and access. However, closing and
restrictions on the utilization of public spaces reduce the opportunities
to practice healthful outdoor activities and stress alleviation. This
scenario may drive users to choose less appropriate and more
crowded spaces.

Accordingly, to ensure safety in public spaces during the
pandemic, public spaces should be provided with health and safety
techniques and regulations (Arafat et al., 2021). Public spaces should
be provided with some facilities, such as social distancing markers,
temperature check facilities (Arafat et al., 2021), security men, escort
cameras, monitoring stations (Zavadskas et al., 2019), and the
presence of emergency stations (Gallerani et al., 2017).

This study assesses safety through two sub-criteria: the social
distancing techniques and the monitoring and access control features
(Table 2).

3.3.3 Efficiency

Public space effectiveness indicates the capacity of public space to
provide sufficient uses. The public spaces’ efficiency in a pandemic
emergency means the ability of those spaces to safely and effectively
provide sufficient uses for all users during those difficult times. In this
regard, the size of the public space is an essential factor in determining
the effectiveness of space, especially during pandemics. The
COVID-19 pandemic and its health requirements for the prevention
of pandemic infection showed the value of the availability of public
spaces with sufficient size to meet the users needs during
the pandemic.

Many academics demonstrate the significance of public space size.
According to (Ibes, 2015), the size of public space is crucial due to its
effect on the number of people using the space and the kinds of
activities they engage in, which increase the variety of human values.
Van Herzele and Wiedemann (2003) demonstrate that public space
services differ depending on the area’s size. In addition, public space
environmental quality and the kind of activities enjoyed there are
affected by the space size (Le Texier et al., 2018). Furthermore, the
advantages of public space grow in tandem as their size increases
(Cetin, 2015).

During the pandemic, while public spaces of all sizes hold
significance, larger public spaces are more effective than smaller ones.
Several studies indicate the importance of large urban spaces during
the pandemic (Nieuwenhuijsen, 2020; Samuelsson et al.,, 2020b;
Honey-Rosés et al,, 2021). Large public spaces readily facilitate social
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distancing, a crucial aspect during the pandemic. Implementing social
distancing measures in smaller public spaces poses a challenge,
particularly in densely populated regions like Chongqing. Following
China’s emergency response norms, spaces with an area size of less
than 2000 m? are considered less efficient during emergencies, while
those exceeding 50,000 m* are highly efficient (China MOHA, 2018).

The public space ratio is the most used indicator for measuring
the effectiveness of public spaces (Haq, 2011). It is obtained by
calculating the number or surface area of public spaces within a city
or parts of it, offering an overview into the quantity of users who can
utilize the public space (Nicholls, 2001) and the potential for
congestion in the public space (Van Herzele and Wiedemann, 2003;
Sister et al., 2010).

This study examines efficiency by measuring the usable size of
public spaces in the studied areas and ascertaining their capacity to
be used efficiently within the pandemic (Table 2), taking into account
that each user needs to keep a 1-meter distance from others (Canada
PHAO, 2020). The capacity of public spaces is compared with the
areas population to ascertain the abilities of the existing public spaces
to meet the users’ needs during the pandemic.

3.3.4 Multifunctionality

The multifunctionality of urban space is rooted in architecture,
urban planning, and design to create varied uses of urban space, which
can change over time (Zeidler, 1985). Multifunctionality is an essential
part of resilience to pandemics. It is a crucial strategy for making
public spaces more responsive to pandemics, where they can change
modes of use without changing their nature.

To ensure that public spaces effectively serve multiple functions
and meet the diverse needs of users during the pandemic, several
key considerations must be taken into account. Firstly, enhancing
the quality of public spaces is essential to create inviting and
functional environments conducive to various activities while also
ensuring compliance with social distancing measures (Sepe, 2021).
In addition, integrating elements of nature into public spaces can
provide respite and relaxation for individuals amidst the challenges
of the pandemic (Garcia, 2020). Additionally, the adaptation of
public spaces through innovative solutions such as sterile and
contact-free equipment is critical to minimize the risk of virus
transmission (Chawla, 2021). Furthermore, the COVID-19
pandemic has underscored the importance of rearranging public
spaces to promote physical activity and address barriers to exercise,
thereby improving overall health and well-being (McDougall et al.,
2021). Moreover, the evolution of multifunctional furniture
innovations offers promising opportunities to optimize the use of
limited space in public areas, allowing for greater flexibility and
efficiency in accommodating diverse activities and user needs
(Shaleh et al., 2022).

This study analyses multifunctionality by investigating four
sub-criteria that provide multifunctions in public spaces and meet
the users’ demands during the pandemic: link to nature, which
involves elements such as trees, plants, and water element; spaces
for physical activities, which includes spaces for walking, running,
and cycling; smart furniture, which includes elements such as chairs
and seating placess that can be moved and reorganized according
to the need; and public services, which involves aspects such as
touch-free hand washing, sterile public services, and space quality
(Table 2).
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TABLE 2 Criteria for pandemic-resilient public spaces.
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Main criteria Sub-criteria Measurement elements Norm Description
Accessibility Active transportation network | pedestrian paths and bike lanes High Suitable
(availability, protection elements, Moderate Neutral
width, green landscape, and quality) Low Vulnerable
proximity of public spaces to walking duration <5min Suitable
homes 5-15m Neutral
>15m Vulnerable

Safety Social distancing techniques Availability High Suitable
Moderate Neutral
Low Vulnerable

Monitoring and access control | Availability (escort cameras, High Suitable
monitoring stations, security men, Moderate Neutral
techniques for measuring body Low Valnerable
temperature)

Efficiency Size of public space Usable size >50,000 m? Suitable
2000-50,000 m* Neutral
<2000 m* Vulnerable

Multifunctionality Link to nature Availability (trees, plants, and water | High Suitable

element) Moderate Neutral
Low Vulnerable

Spaces for physical activities Availability (spaces for walking, High Suitable

running, and cycling) Moderate Neutral
Low Vulnerable

Smart furniture Availability (elements such as chairs | High Suitable
and seating placess that can Moderate Neutral
be moved and reorganized Low Vulnerable
according to the need)

Public services Availability (touch-free hand High Suitable
washing, sterile public services, and Moderate Neutral
space quality) Low Vulnerable

3.4 Research methods

3.4.1 Data collection

The study used the master plan of Chongqing City, satellite
images, open street maps, Baidu maps, and field observation to
identify the public spaces and their features, comprising the public
spaces’ location, proximity to homes, services, usable size, and
geographical characteristics.

All studied public spaces were visited to collect data pertaining to
the active transportation infrastructure characteristics, the presence
of social distancing techniques, monitoring and access control, link to
nature, spaces for physical activities, smart furniture, and
public services.

Three questionnaire surveys were conducted for this study. The
first questionnaire survey targeted residents of the studied areas to
examine the extent of the response of public spaces to the COVID-19
pandemic. This involved comparing the usage of public spaces during
and before the pandemic, including the number of visits to public
spaces, the time the users spend in public spaces during their visits,
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and the activities performed in public spaces. This questionnaire was
conducted between March and September 2022. A total of 1,302 valid
questionnaire samples were collected from the three study regions:
442 samples from the Yuzhong region, 463 samples from the old
Shapingba region, and 397 samples from the University town region.
All studied public spaces were included in this questionnaire.

The second questionnaire also targeted residents of the studied
areas to assess the response of public spaces after the complete
reopening of China. This survey compared the utilization of public
spaces during the pandemic period and after the complete reopening,
including the number of weekly visits to public spaces, the time the
users spend in public spaces during their visits, and the activities
performed in public spaces. This questionnaire was distributed in the
three studied regions from March and May 2023. Four hundred
thirty-five valid questionnaire samples were collected from the three
study regions: 148 samples from the Yuzhong region, 154 samples
from the old Shapingba region, and 133 samples from the University
town region. All public spaces under study were included in this
questionnaire survey.
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The third questionnaire was conducted between March and April
2023 to appraise the pandemic resilience criteria of public spaces. One
hundred twelve responses were gathered from experts in the urban
planning, architecture, and landscape engineering fields. The results
of the experts’ evaluation were utilized to determine the criteria
weights using the Analytic Hierarchy Process (AHP) presented in the
following sub-section.

3.4.2 Data processing and analysis

The questionnaire data were analyzed using the Statistical Package
for Social Sciences software (SPSS) version 26. The impact of the
COVID-19 pandemic on the existing public spaces was analyzed
through the Paired-Samples T-Test.

We used a Geographic Information System (GIS), precisely
ArcGIS 10.8.1, to evaluate the pandemic resilience criteria of public
spaces. The findings from data analysis were visually depicted through
GIS maps.

To evaluate the level of pandemic resilience of public spaces,
we utilized a blend of the Analytic Hierarchy Process (AHP) and
Weighted Overlay Analysis (WOA).

AHP is a technique developed by Saaty in 1970 (Saaty, 2008) as a
method of modeling subjective decision-making processes that
consider a number of attributes in a hierarchical framework. Since
then, AHP has been widely used in different sectors, including urban
planning. It is a clear systematic quantitative analytical tool, which is
suitable for the calculation of multiple criteria studies. A literature
review and experts’ knowledge determine which criteria take priority
over the others when deciding (Rana and Suryanarayana, 2020). De
Brito and Evers (2016) state that the AHP approach is the method
most commonly utilized in studies involving weight factors.
Accordingly, several recent studies on the COVID-19 pandemic
utilized the AHP method to calculate the factors’ weight (Das et al.,
2021; Ortiz-Barrios et al., 2021; Palouj et al., 2021).

The AHP method was done in this study through four steps:
First, the decision problems were organized into three hierarchical
levels. The highest level defined the goal, the second level outlined the
assessment criteria, and the third level explored the options
(Figure 2).

Second, the importance scale was determined. This phase is
carried out by analyzing the findings of the expert assessment of the
pandemic resilience criteria and recategorizing them into numerical
expressions of AHP on a scale of 1 to 9 (Table 3).

Third, the pairwise comparison matrix was constructed according
to the importance scale value. Each pair of sub-criteria is compared
following its importance (Table 4).

Fourth, the consistency of the matrix was confirmed.

The consistency ratio (CR ) =
consistency index (CI)/ Random Consistency Index (RI)

(CI)=(*max —n)/(n-1)

Amax =10.0727797,n=9
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CI=(10.0727797-9)/(9—1) =0.1340974

Random Consistency Index (RI) for n = 9is 1.45 (Table 5).

CR=0.13030886 / 1.45=0. 09248<0.10 [consistency ratio as
decided by Saaty (Saaty, 2008)]. All weights are reasonable and shown
in Table 6.

The study also utilized the WOA method, a prominent approach
in GIS-based research for resilience assessment. This method offers a
flexible framework that integrates both qualitative and quantitative
factors (Mabahwi et al., 2021). WOA entails overlaying maps with
various criteria and applying respective weights to generate a final
assessment, pinpointing optimal solutions. Many recent studies
utilized WOA in multi-criteria analysis and investigations related to
disaster preparedness (Sentiirk and Erener, 2017; Junian and Azizifar,
2018; Hoque et al., 2019; Zabihi et al., 2019; Alawi et al., 2023).

In this study, WOA was applied to gage the pandemic resilience
level, identifying public spaces most resilient to the pandemic. Initially,
all GIS data concerning pandemic resilience criteria were transformed
into raster format. Subsequently, they underwent reclassification and
superposition using the function of weighted overlay. The factors’
weights were determined based on the pairwise comparison matrix
outlined above.

4 Results and discussion

4.1 Evaluating the impact of the COVID-19
pandemic on the existing public spaces in
Chongqing

4.1.1 The impact on public spaces during severe
phases of the pandemic

Like other components of the city of Chongging and the entire
country of China, public spaces were completely closed during the
severe waves of the pandemic. During those challenging periods,
public spaces, which were once vibrant centers of social interaction,
transformed into dormant areas (Figure 3A). The complete closure of
public spaces has had profound effects on Chongging residents. The
inability to access public spaces has deprived people of their customary
outlets for exercise, relaxation, and social interaction, resulting in
increased feelings of social isolation and physical and mental
health problems.

4.1.2 The impact on public spaces during
moderate phases of the pandemic

Despite the great significance that studies confirm on the public
spaces’ role amid the COVID-19 pandemic (Husky et al., 2020; Wang
et al., 2020; Samuelsson et al., 2020a; Soga et al., 2021; Yao et al., 2022).
This study’s results show that the public spaces in Chongqing are not
prepared to give effective responsiveness to the pandemic (Figure 3).
The results (Table 7) show a decrease in the number of visits to public
spaces amid the COVID-19 pandemic compared to the period before
the pandemic in all three studied regions. The findings indicate that the
University town experienced the smallest reduction in the number of
visits, with a mean of 0.327, followed by the old Shapingba area with a
mean of 0.430, while the Yuzhong region witnessed the highest decrease
at 0.489. Similarly, the time users spent in public spaces decreased
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during the pandemic period in all three regions, as illustrated in Table 8.
University town had the lowest decrease in time spent in public spaces
during the pandemic, with a mean of 0.086, followed by the old
Shapingba area with a mean of 0.192, while the Yuzhong region
experienced the highest decrease at 0.416. Table 9 reveals changes in
activities performed in public spaces between the pre-pandemic and
pandemic periods. Across all studied regions, activities decreased
during the pandemic compared to the pre-pandemic period. University
town exhibited the smallest decrease in activities, with a mean of
0.03023, followed by the old Shapingba area with a mean of 0.03756,
while the Yuzhong region had the highest decrease with a mean of
0.06393. These findings agree with the studies of (Nelson Grima et al.,
2020; Xie et al,, 2020; Addas and Maghrabi, 2022) on the decrease in the
use of public spaces after easing the pandemic restrictions and allowing
people to use public spaces while respecting the pandemic measures.

4.1.3 The impact on public spaces after the
complete reopening of China and the cessation
of the pandemic restrictions

The results indicate that the complete reopening process marked a
significant turning point in revitalizing public spaces (Figure 3C).
People returned to visit public spaces more frequently compared to the
pandemic period. The analysis results (Table 10) demonstrate an
increase in the number of visits across all three studied regions. The
findings indicate that the Yuzhong region experienced the highest
increase in the number of visits, with a mean of 0.452, followed by the
University town with a mean of 0.417, while the old Shapingba area
witnessed the lowest increase, with a mean of 0.413. Similarly, the time
users spent in public spaces increased after the pandemic compared to
the pandemic period, as illustrated in Table 11. The Yuzhong region
had the highest increase in time spent in public spaces during the
pandemic, with a mean of 0.453, followed by the old Shapingba area
with a mean of 0.237, while the University town experienced the lowest
increase, with a mean of 0.128. Table 12 reveals changes in activities
performed in public spaces between the pandemic and post-pandemic
periods. Across all studied regions, activities increased in the

10.3389/frsc.2024.1383933

post-pandemic period compared to the preceding pandemic period.
The Yuzhong region exhibited the highest increase in activities, with a
mean of 0.073, followed by the old Shapingba area with a mean of
0.045, while the University town had the lowest increase, with a mean
of 0.035.

These results affirm that public spaces experienced a decline in
their vibrancy during the pandemic (Table 13) despite the easing of
restrictions and the ability of people to use public spaces while
adhering to pandemic measures like wearing masks, temperature
checks, and practicing social distancing. Resulting in not fully
benefiting from the advantages of public spaces during the pandemic.
This situation necessitates a reassessment of public spaces to identify
their weaknesses and facilitate their development, ensuring they can
continue to perform all their functions effectively in case of future
COVID-19 pandemic waves or the emergence of new respiratory
diseases. These aspects will be further addressed in the following part.

4.2 Assessing the COVID-19 pandemic
resilience criteria in public spaces

The findings in the previous part clarified that public spaces in

Chongqing are not adequately prepared to deal with pandemics. The
results in this section explain the reasons behind the reduced

TABLE 3 1-9 fundamental scale (Saaty, 2008).

1 “Equal importance”

3 “Moderate importance”

5 “Strong importance”

7 “Very strong importance”
9 “Extreme importance”
2,4,6,8 “Intermediate values”

Resilience of public spaces to the COVID-19 pandemic

Safety

Accessibility

Public space 1 Public space 2

FIGURE 2

Public space 3

Hierarchy of COVID-19 pandemic-resilient public spaces decision process (see Table 6 for the codes meaning)

Multifunctionality

Efficiency

Public space

Public space 4 169
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utilization of public spaces during the pandemic, elucidating the
criteria for pandemic resilience in public spaces as outlined in part 3.3.
This part aims to assess the current state of public spaces, identify
weaknesses, and strive for improvement to prevent restrictions on
public space usage in the event of future pandemics.

4.2.1 Accessibility

Accessibility was measured by two sub-criteria: active
transportation network and the proximity of public spaces to homes.
The study results indicate an inequity in the accessibility to public
spaces in the studied areas, which requires rethinking on fairly
creating public spaces that allow all residents to reach the public
spaces safely and efficiently and do the activities they need as close to
their homes as possible, thus contributing in reducing the risk of
infection during pandemics, especially in the high-density areas such
as Chongqing.

TABLE 4 Pairwise comparison matrix of the AHP method (see Table 6 for

the code meaning).

Al A2 S1 S2 E M1 M2 M3 M4

Al 1 0.50 2.00 3.00 0.25 4.00 2.00 5.00 5.00

A2 2.00 1 3.00 4.00 1.00 3.00 2.00 4.00 5.00

S1 0.50 0.33 1 5.00 0.20 4.00 2.00 2.00 3.00

S2 0.33 0.25 0.20 1 0.20 2.00 0.50 1.00 2.00

E 4.00 1.00 5.00 5.00 1 3.00 5.00 5.00 4.00

M1 025 033 | 025 050 | 033 1 0.50 3.00 2.00

M2 0.50 0.50 0.50 2.00 0.20 2.00 1 3.00 4.00

M3 0.20 0.25 0.50 1.00 0.20 0.33 0.33 1 1.00

M4 020 020 | 033 | 050 025 | 0.50 0.25 1.00 1

TABLE 5 Random consistency index (RI) (Thanki et al., 2016).

N 1 2 3 4 5 6 7 8 9 10

‘RI ‘ 0 ‘ 0 ‘ 0.58 ‘ 0.9 ‘ 1.12 ‘ 1.24 ‘ 1.32 ‘ 1.41 ‘ 1.45 ‘ 1.49 ‘

TABLE 6 Resilience criteria of the COVID-19 pandemic and their weights.

10.3389/frsc.2024.1383933

The results (Figure 4B) show that the public spaces’ proximity to
homes varies from neutral to suitable levels in all studied areas.
However, the proximity of public spaces to homes is affected by the
nature of active transportation networks connected to them. In this
regard, the findings (Figure 4A) reveal that the University town,
characterized by its flat geographical nature and modern
establishment, boasts acceptable levels of active transportation
networks. Meanwhile, the Yuzhong and old Shapingba regions, with
a mountainous nature and higher population density, especially the
Yuzhong region area, face deficiencies in the active transportation
network connecting public spaces with homes (Figure 5A). This poses
substantial challenges during pandemics. The inadequacy of a proper
active transportation network could elevate the risk of infection when
using that infrastructure during pandemic times (World Health
Organization, 2022). Furthermore, individuals may be compelled to
use public transportation, thereby heightening the risk of infection.

4.2.2 Safety

Safety was studied through two sub-criteria: the presence of social
distancing techniques and the availability of monitoring and access
control. The findings clarify that the absence of social distancing
techniques poses a significant safety risk when using public spaces
during the pandemic in all the studied areas. The results (Figure 6A)
show that most public spaces in all the studied regions have vulnerable
levels in terms of the availability of social distancing techniques, which
constitutes a major obstacle to using these spaces during the pandemic
(Arafat et al., 2021), particularly in highly populated regions such as
Chonggqing (Figure 5B). Regarding the availability of monitoring and
access control points, the results (Figure 68) show that the resilience
level of monitoring and access control of public spaces ranges between
neutral and suitable levels. In terms of monitoring, Chongqing is
distinguished by good monitoring levels throughout the municipality,
including public spaces (Figure 5C). In terms of access control, some
types of public spaces, such as waterfronts and squares, lack access
control, which leads to ignoring checking the wearing of masks and
measuring the body temperature of visitors before they enter public
spaces during the pandemic, which then leads to increased risks of
infection (Arafat et al., 2021).

Resilience Weights Code Sub-criteria Local weights = Global weights Rank
criteria
Accessibility 0.4015 Al Active transportation 0.5314 0.2133 2
network
A2 Proximity to homes 0.4686 0.1882 3
Safety 0.1594 S1 Presence of social 0.7295 0.1163 4
distancing
S2 Monitoring and access 0.2705 0.0431 7
control
Efficiency 0.2496 E Usable size 1 0.2496 1
Multi- 0.1895 M1 Link to nature 0.2731 0.0518 6
functionality M2 Spaces for physical 0.4048 0.0767 5
activities
M3 Smart furniture 0.1687 0.0319 8
M4 Public services 0.1534 0.0291 9
Frontiers in Sustainable Cities 12 frontiersin.org


https://doi.org/10.3389/frsc.2024.1383933
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Alawi et al.

10.3389/frsc.2024.1383933

A Severe phases: public spaces B
are devoid of users.

Moderate phases: users
begin to return to public spaces.

C Post-reopening: public spaces
experience a surge in utilization.

FIGURE 3

The impact of the COVID-19 pandemic on the usage of existing public spaces in Chongqing.

University town

Yuzhong

- Public space

Alternative transportation
infrastructure

Suitable

Neutral

Vulnerable

[ | suiding
- Public space

Proximity to homes

B suitzble

Neutral

- Vulnerable

FIGURE 4

Pandemic accessibility criteria: (A) active transportation network; (B) proximity of public spaces to homes.

4.2.3 Efficiency

Efficiency was examined by calculating the usable size of public
spaces and determining their capacity for use during the pandemic
while respecting the pandemic measures. The results in Figure 7 reveal
that a limited number of public spaces meet the requirements for
accommodating a large user base during the pandemic while
maintaining social distancing. The majority of public spaces exhibit
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neutral levels, ensuring safe use for a moderate number of individuals
during the pandemic. Some public spaces are categorized as
vulnerable, presenting difficulties in enforcing social distancing
measures during the pandemic.

Table 14 shows different efficiency levels of public spaces between
the studied regions. The University town region has the most efficient
public spaces, followed by the region of old Shapingba. Whereas the
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TABLE 7 The weekly visits to public spaces before and during the
pandemic (a higher mean indicates a greater increase in weekly visits).

10.3389/frsc.2024.1383933

TABLE 10 The weekly visits to public spaces during and after the
pandemic (a higher mean indicates a greater increase in weekly visits).

Sig. Sig.
(2-tailed) (2-tailed)
Yuzhong Before the 0.489 13.606 0.000 Yuzhong During the
pandemic pandemic
During the After the 0.452 11.735 0.000
pandemic pandemic
Old Before the 0.430 12.167 0.000 Old During the
Shapingba pandemic Shapingba pandemic
During the After the 0.413 11.537 0.000
pandemic pandemic
University Before the 0.327 10.766 0.000 University During the
town pandemic town pandemic
During the After the 0.417 11.546 0.000
pandemic pandemic

TABLE 8 The difference in the time spent in public spaces during the
visits before and during the pandemic (a higher mean indicates a greater
increase in the time spent in public spaces).

TABLE 11 The difference in the time spent in public spaces during the
visits during and after the pandemic (a higher mean indicates a greater
increase in the time spent in public spaces).

Sig. Sig.
(2-tailed) (2-tailed)
Yuzhong Before the 0.416 10.284 0.000 Yuzhong During the
pandemic pandemic
During the After the 0.453 11.392 0.000
pandemic pandemic
Old Before the 0.192 7.031 0.000 Old During the
Shapingba pandemic Shapingba pandemic
During the After the 0.237 9.471 0.000
pandemic pandemic
University Before the 0.086 2.523 0.012 University During the
town pandemic town pandemic
During the After the 0.128 3.132 0.000
pandemic pandemic

TABLE 9 The difference in activities in public spaces before and during
the pandemic (a higher mean indicates a greater increase in activities
performed in public spaces).

Sig.

(2-tailed)

0.06393 8.731 0.000

Yuzhong Before the

pandemic

During the

pandemic

Old Shapingba | Before the 0.03756 6.296 0.000

pandemic

During the

pandemic

University Before the 0.03023 5.048 0.000

town pandemic

During the

pandemic
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Yuzhong region has the least efficient public spaces. The public spaces
in the University town region can serve around one and a half times
the total regions population, which accounts for 186,449 people
(Statistics SDBO, 2021) while maintaining social distancing to protect
users against infection. In the old Shapingba region of 213,134 people
(Statistics SDBO, 2021), the public spaces can almost serve the entire
number of the region’s residents at the same time. While in the
Yuzhong region, the public spaces can serve only roughly a third of
the region’s population, which numbers 377,613 people (Statistics
YDBO, 2021).

Despite the acceptable total usable size of public spaces, especially
in the regions of the University town and old Shapingba, the absence
of fair distribution of public spaces between the various parts within
the region as well as the absence of justice in the distribution of
attraction features. This include the absence of justice in the
availability of accessibility, safety, and multifunctionality factors
between the different public spaces, which bring major challenges for
using public spaces, especially during the pandemic. On the one
hand, these issues lead to a lack of public spaces that meet the users’
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TABLE 12 The difference in activities in public spaces during and after the
pandemic (a higher mean indicates a greater increase in activities
performed in public spaces).

Mean t Sig.

(2-tailed)

Yuzhong During the

pandemic

After the 0.073 9.546 0.000

pandemic

Old Shapingba | During the

pandemic

After the 0.045 7.215 0.000

pandemic

University During the

town pandemic

After the 0.035 6.371 0.000

pandemic

TABLE 13 Summary of the impact of the COVID-19 pandemic on the
existing public spaces in Chongqing.

Phase Key observations

Severe pandemic waves Public spaces are completely closed.

Moderate pandemic periods Significant decrease in visits, time spent,

and activities performed.

Complete reopening Significant increase in visits, time spent,

and activities performed.

TABLE 14 Efficiency of public spaces.

Public space Capacity (people)
usable size (m2)
Yuzhong 421,633.4 134,245
Old Shapingba 646,279.7 205,724
University town 867,907.8 276,412

needs within a short distance from homes in some areas, thus a
reduction in using public spaces, which has a negative effect on
people’s health, especially during the pandemic. On the other hand,
these issues may result in overcrowding in specific public spaces in
some areas, which increases the risk of infection during the pandemic
(Figure 5D).

4.2.4 Multifunctionality

Multifunctionality was studied through four sub-criteria that
attract users for daily visits and make the spaces meet and adapt to the
pandemic requirements: link to nature, spaces for physical activities,
smart furniture, and public services. The results (Figure 8) show
different levels of the presence of the multifunctionality factors.

The results indicate that the least available factors are smart
furniture and public services (Figures 8C,D), which affect the use of
public spaces amid the pandemic. The lack of smart furniture restricts
the potential for diverse uses and the implementation of extra
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solutions during the pandemic (Shaleh et al., 2022). On the other
hand, the availability of public services, such as touch-free hand
washing, sterile public services, and space quality, play a vital role in
upholding personal hygiene and preventing manual contact with
equipment to curb the transmission of infections among users
(Chawla, 2021).

In terms of the availability of spaces for physical activities
(Figure 8B), the old Shapingba and University town regions exhibit
satisfactory levels of free spaces within their public areas. While the
Yuzhong region faces a shortage of free spaces in numerous public
spaces, diminishing their suitability for the physical activities essential
for users during the pandemic (McDougall et al, 2021). Regarding the
link to nature (Figure 8A), most public spaces in all the studied areas
have levels ranging from neutral to suitable.

The differences in levels of multifunctionality factors lead to users’
preferences for public spaces that include high levels of
multifunctionality aspects, including links to nature, spaces for
physical activities, smart furniture, and public services. This results in
overcrowding in some spaces and underutilization of others (see
Figure 5E). This imbalance significantly impacts the response to the
pandemic, amplifying the effects incurred from this emergency.

4.3 Determining the pandemic resilience
level of public spaces

The results in Figure 9 indicate different levels of pandemic
resilience in public spaces between the studied regions. These
resilience levels are influenced by the characteristics of each region.
The University town region, with its newly established public spaces,
flat geographic nature, and the lowest population density compared to
the other studied regions (see part 3.1), achieved the most resilient
public spaces compared to the other studied regions. The preference
for resilience in the public spaces of the University town resulted in a
better response to the pandemic. The results in part 4.1 show that the
University town experienced the slightest mean difference in the
reduction of the utilization of public spaces during the pandemic
compared to the periods before and after the pandemic, including the
number of visits, time spent in public spaces, and the activities
performed in public spaces. In contrast, the Yuzhong area, with the
highest population density and the most deeply sloped region,
achieved the lowest level of resilience, resulting in the highest
difference in the reduction of the utilization of public spaces during
the pandemic compared to the periods before and after the pandemic.

However, the current resilience levels in public spaces of all the
studied areas are insufficient to deal efficiently with the pandemic, as the
results confirmed the decline in public spaces’ usage amid the pandemic
in all the studied regions, including the University town (see part 4.1).
In this regard, the pandemic resilience in public spaces in Chongqing
requires a comprehensive, city-wide strategy. Targeted interventions
should emphasize improving accessibility, enforcing robust safety
protocols, optimizing efficiency, and fostering multifunctionality based
on the criteria and norms presented in Table 2. These initiatives
collectively contribute to establishing more resilient public spaces that
can withstand and adeptly respond to the complexities of forthcoming
health crises. The following part provides important suggestions for
improving pandemic resilience in Chongging’s public spaces.
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TABLE 15 Main recommendations for improving the pandemic resilience in the studied regions.

Criteria

vulnerabilities

Solutions and Recommendations

Yuzhong Accessibility - Challenges in active - Improve and expand the active infrastructure, creating more efficient connections between residential areas and public spaces.
transportation. - Creating one-way paths in the tight areas to ensure social distancing during a pandemic.
Safety - Absence of social distancing - Develop and enforce techniques that enable social distancing in public spaces.
techniques in most spaces. - Enhance access control in waterfronts and squares to monitor visitors and enforce safety protocols during pandemics.
- Lack of access control in
certain spaces.
Efficiency - Limited usable size. - Create more public spaces to optimize usable size, ensuring they can accommodate larger crowds while maintaining social distancing.
- Unequal distribution and - Balance the distribution of public spaces, focusing on areas with fewer amenities to attract more visitors and prevent overcrowding in specific public spaces.
inadequate justice in the
allocation of attraction features
Multifunctionality | - Limited availability of - Enhance smart furniture presence to enhance the versatility of public spaces and meet diverse user needs.
smart furniture. - Rethinking the design and management of public spaces and creating more spaces for physical activities.
- Limited availability of - Enhance the public services and improve amenities like touch-free hand washing and sterile facilities.
public services. - Maintain and enhance the connection to nature in public spaces, ensuring a well-balanced environment that attracts users and contributes to their well-being.
- Limited availability of spaces for
physical activities.
Old Shapingba | Accessibility - Challenges in active - Improve and expand the active infrastructure, creating more efficient connections between residential areas and public spaces.
transportation. - Creating one-way paths in the tight areas to ensure social distancing during a pandemic.
Safety - Absence of social distancing - Develop and enforce techniques that enable social distancing in public spaces.
techniques in most spaces. - Enhance access control in waterfronts and squares to monitor visitors and enforce safety protocols during pandemics.
- Lack of access control in
certain spaces.
Efficiency - Unequal distribution and - Balance the distribution of public spaces, focusing on areas with fewer amenities to attract more visitors and prevent overcrowding in specific public spaces.
inadequate justice in the
allocation of attraction features
Multifunctionality =~ - Limited availability of - Enhance smart furniture presence to enhance the versatility of public spaces and meet diverse user needs.
smart furniture. - Enhance the public services and improve amenities like touch-free hand washing and sterile facilities.
- Limited availability of public - Continue to provide satisfactory spaces for physical activities and explore opportunities to expand amenities, meeting the varied needs of residents.
services. - Maintain and enhance the connection to nature in public spaces, ensuring a well-balanced environment that attracts users and contributes to their well-being.
University Accessibility - - Maintain and enhance the existing active transportation infrastructure, ensuring it continues to provide efficient and accessible connections.
Town
Safety - Absence of social distancing - Develop and enforce techniques that enable social distancing in public spaces.
techniques in most spaces. - Enhance access control in waterfronts and squares to monitor visitors and enforce safety protocols during pandemics.
Lack of access control in certain
spaces.
Efficiency - Unequal distribution and - Balance the distribution of public spaces, focusing on areas with fewer amenities to attract more visitors and prevent overcrowding in specific public spaces.
inadequate justice in the
allocation of attraction features.
Multifunctionality =~ - Limited availability of - Enhance smart furniture presence to enhance the versatility of public spaces and meet diverse user needs.
smart furniture. - Enhance the public services and improve amenities like touch-free hand washing and sterile facilities.
- Limited availability of public - Continue to provide satisfactory spaces for physical activities and explore opportunities to expand amenities, meeting the varied needs of residents.
services. - Maintain and enhance the connection to nature in public spaces, ensuring a well-balanced environment that attracts users and contributes to their well-being.
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FIGURE 5

The difference in
the suitability of
access networks
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FIGURE 6
Pandemic safety criteria: (A) social distancing techniques; (B) monitoring and access control.
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FIGURE 7
Pandemic efficiency criteria.

4.4 Solutions and recommendations for
improving the pandemic resilience in
Chongqing public spaces

In light of the COVID-19 pandemic and its profound impact on
cities, there is a pressing need for urban planners, architects, and
policymakers to reevaluate current approaches to city planning and
design. Historically, cities have not been specifically designed to
be resilient to pandemics, as such events were rare occurrences.
However, the experience of the COVID-19 pandemic underscores the
critical importance of integrating pandemic resilience into urban
planning and design practices. An urgent need arises to give more
thought to creating resilient cities that can withstand the effects of a
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pandemic and to conduct further studies on how to measure the
resilience of urban areas to disease outbreaks, improve governance,
and incorporate physical design and planning into the built
environment. In this context, resilience to outbreaks is high in cities
with suitable, accessible, and utilizable public spaces for everyone.
Therefore, cities should reinforce public spaces’ resilience and revise
municipal financial and legislative tools to build resilient cities.

This study stresses the necessity for urban planners, architects,
and policymakers to place a new focus alongside the existing focus on
creating public spaces, which is on economic growth, scenic beauty,
livability, and the vitality of cities. Focusing on pandemic resilience is
essential. The public spaces need to be established to perform
effectively in normal times and during pandemic emergencies by
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FIGURE 8

Pandemic multifunctionality criteria: (A) link to nature; (B) spaces for physical activities; (C) smart furniture; (D) public services.

integrating the present focus aspects with the pandemic resilience
aspects ( ).

Based on the analysis results of each area, . Summarize
the main interventions for improving the pandemic resilience in the
public spaces of the studied regions. In addition, it’s important to
engage the local community in the planning process. It allows for a
better understanding of their needs and preferences, which can then
be used to customize public spaces accordingly. Such community
involvement fosters a sense of ownership and promotes responsible

usage, especially during pandemics. Moreover, given Chonggqing city’s
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continual changes and fast urbanization, it is recommended to
re-assess public spaces every 5years.

This study aims to improve public spaces’ resilience to the
pandemic through two steps. First, it examines the response of present
public spaces to the COVID-19 pandemic by comparing the daily use
of public spaces before, during, and after the pandemic in three
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different regions in Chongqing, including Yuzhong, old Shapingba,
and University town. Second, it investigates the pandemic resilience
level in the public spaces of the studied regions through four main
pandemic resilience criteria involving 9 sub-criteria that assure the
effective responsiveness of public spaces to the pandemic: (1)
accessibility, which involves active transportation network and
proximity of public spaces to homes; (2) safety, which includes the
presence of social distancing techniques and monitoring and access
control; (3) efficiency, which is determined by analyzing the usable
size of public spaces and calculating their capacity; and (4)
multifunctionality, which involves the link to nature, spaces for
physical activities, smart furniture, and public services.

The findings reveal a decrease in public space utilization during
the COVID-19 pandemic compared to periods before and after the
pandemic’s complete reopening. The study results indicate a decline
in the number of visits, duration of stay, and range of activities
conducted within public spaces across all three regions during the
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pandemic. The University town experienced the smallest reduction
in public space utilization during the pandemic compared to the
periods before and after the pandemic. Conversely, the Yuzhong area
witnessed the highest reduction in public space utilization during
the pandemic compared to the periods before and after. Moreover,
the study results indicate that the pandemic resilience of public
spaces in these regions is insufficient. However, the findings
highlight that the University town region, which is characterized by
lower population density and flat terrain and exhibited the least
reduction in public space utilization during the pandemic, exhibits
more resilient public spaces compared to the other regions,
particularly the Yuzhong region, which is characterized by the
highest population density and complex geographic terrain and the
highest reduction of the utilization of public spaces during
the pandemic.

This study makes an effective contribution to the fields of urban
planning and design by outlining crucial criteria and suggestions for
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developing public spaces that guarantee an effective response to the
pandemic. Furthermore, the methodology used in this study is an
efficient approach for exploring and measuring the resilience level of
public spaces. It helps decision-makers and planners explore the
vulnerability of the present public spaces and develop solutions for
improving their resilience.

6 Limitations and recommendations
for future research

This work is a significant source for improving pandemic
emergency preparedness in cities and ensuring an effective response
from public spaces in the event of future pandemics and avoiding
closure and restriction of their use. However, some limitations persist
in the study. The results are limited to the public spaces of the studied
regions in Chongqing. Nevertheless, the study methods, pandemic
resilience criteria, and recommendations can be applied in other cities.
Additionally, the study is focused only on the COVID-19 pandemic.
Nonetheless, the
recommendations can be applied to other pandemics, especially

study methods, resilience criteria, and
respiratory pandemics.

The study connected the difference in resilience levels results to
the population density and the region’s physical characteristics; it did
not address the economy and income levels of the residents of those
regions, where other studies confirm their connection to the condition
of the public spaces in the region (Nesbitt et al., 2019; Park and
Guldmann, 2020). We recommend investigating these aspects in
future research.

Future studies also need to concentrate on implementing the
methodology in wider areas of Chongqing municipality to raise the
pandemic resilience in the public spaces of the whole municipality.
The study suggests extending the investigation on public spaces’
resilience to the pandemic in various cities to grow the expertise of
planning and design pandemic-resilient public spaces in cities with
their various characteristics.
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