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Abstract: Public open spaces, such as squares, parks, and sports fields, serve as crucial hubs
during and after disasters, fostering a sense of normalcy and community, promoting social
cohesion, and facilitating community recovery. Additionally, they offer opportunities for
promoting physical and mental well-being during such crises. This study aims to enhance the
responsiveness of public open spaces to disasters by prioritizing disaster resilience in their
planning and design. This study consists of two main stages. Firstly, a literature review is
conducted to explore the current trends in research on public open space planning and design
and the incorporation of disaster resilience. Results indicate that the primary focus of the
current research on planning and designing public open spaces centers around sociocultural,
psychological, environmental, and economic benefits. There is limited emphasis on integrating
disaster resilience into public open space planning and design, leading to a lack of clear
guidance for planners and architects. The emphasis on disaster resilience in public open space
planning and design mainly began after 2010, with a notable increase observed in the last six
years (2017-2023). This emphasis notably centers on climate change impacts, followed by
floods, and then earthquakes. Secondly, drawing on the pivotal role of public open spaces
during disasters, the importance of urban planning and design, and the existing gap in
incorporating disaster resilience in current research on public open space planning and design,
this study develops a novel framework for enhancing public open spaces’ responsiveness to
disasters through resilient urban planning and design, based on four main disaster resilience
criteria: multifunctionality, efficiency, safety, and accessibility. The insights gleaned from this
study offer invaluable guidance to planners, architects, and decision-makers, empowering them
to develop public open spaces that can effectively respond to various circumstances, ultimately
contributing to bolstering community resilience and sustainability.

Keywords: disaster; planning and design; preparedness; public open space; resilience;
response; sustainability

1. Introduction

Since ancient times, cities have witnessed many disasters, such as floods,
earthquakes, pandemics, among others. However, over the past few years, the number
of risks in cities has escalated as a result of several factors, such as rapid urbanization
and climate change, which have led to great losses in lives, property, and the economy
of cities.

In this regard, public open spaces such as squares, parks, and sports fields,
essential components of a city, play a significant function in responding to disasters
and alleviating their effects. They act as safe refuges for individuals, groups of people,
and communities, affected by disasters, potentially reducing human losses (Fan et al.,
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2012; Félix et al., 2013; Kreimer, 1979). Public open spaces facilitate social cohesion
and community recovery, offering opportunities to improve both physical and mental
well-being. They serve as places for relaxation, meditation, mood improvement, and
stress reduction, alleviating much of the psychological trauma experienced by those
affected by the disaster (Masuda, 2014; Villagra et al., 2014). Moreover, public open
spaces provide a sense of normalcy and community, enhancing community resilience.
People can come together in these spaces, deriving strength and comfort from the
shared experience of overcoming challenges (Masuda, 2014; Villagra et al., 2014).
Additionally, public open spaces can serve as centers for the collection, distribution,
and coordination of relief materials, medical aid, and rescue operations (Masuda, 2014;
Villagra et al., 2014).

However, studies on past disaster events have revealed that public open spaces
are not always adequately prepared to respond effectively to such occurrences. For
instance, during the COVID-19 pandemic, various studies indicated a notable decrease
in the utilization of public open spaces (Addas and Maghrabi, 2022; Grima et al., 2020;
Xie et al., 2020). In response to the pandemic, several countries, including China,
Venezuela, Iran, Chile, and Hungary, enforced complete bans on the utilization of
public open spaces (Honey-Rosés et al., 2021), while others, such as Lithuania,
Slovenia, and Croatia, permitted their use but under strict regulations, such as
maintaining safe distances and avoiding crowds (Ugolini et al., 2020).

During past earthquakes, public open spaces have exhibited inadequate
preparedness and response. For instance, during the 1906 San Francisco earthquake,
although public open spaces played critical roles, the lack of basic services posed
challenges for refugees. This included the absence of sanitation facilities and
inadequate water sources in some public open spaces. Additionally, some affected
individuals faced difficulties accessing public open spaces due to the far distance from
their homes (Greely, 1906). Similarly, in the 2008 Wenchuan earthquake in China,
public open spaces served as recovery centers, providing essential services and support
to affected individuals and communities, including shelter, medical care, food
distribution, and coordination of relief activities. However, the lack of a
comprehensive disaster response plan and restricted access to public open spaces
resulted in significant losses (You et al., 2009). Following the 2010 earthquake in
Chile, temporary camps were established in various public areas. However, evacuees
tended to favor public open spaces closer to routes to reestablish trade, causing
congestion, while those farther away were underutilized (Allan et al., 2013).

The increase in disasters within cities, the pivotal role of public open spaces in
responding to such crises and mitigating their impact, and the inadequate response of
public open spaces to past disasters underscore the pressing need for this study. This
work aims to integrate disaster resilience into the process of planning and designing
public open spaces, thereby fostering the creation of disaster-resilient public open
spaces capable of effectively responding to disasters while enhancing their everyday
usability. The study’s goal is achieved by addressing the following questions:

*  QIl: What are the current trends in research on public open space planning and
design and the integration of disaster resilience?
*  Q2: How can public open space planning and design be enhanced to respond
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effectively to disasters?

This study, on the one hand, focuses on the types of public open spaces that play
significant roles in responding to various types of disasters, including parks, squares,
and sports fields. On the other hand, due to the broad scope of disasters, the study
focuses primarily on natural phenomena like earthquakes and biological events like
pandemics, which have a significant impact on cities and people’s lives. Additionally,
public open spaces play a crucial role during these crises. Moreover, urban design and
planning interventions are vital for enhancing the response to these disasters.

This study stands out due to its thorough exploration of current research focus on
public open space planning and design and the incorporation of disaster resilience into
these processes. In addition, this study provides unique guidelines for improving
public open spaces’ resilience to disasters and insights for future public open space
planning and design by incorporating disaster resilience into the process of public open
space planning and design. This holistic approach ensures that public open spaces
remain functional and adaptable in both normal circumstances and during disasters.

The findings gleaned from this study serve as a valuable resource for planners,
architects, and decision-makers, equipping them to develop public open spaces
resilient to disasters. Ultimately, this contributes to the reduction of damage costs and
human loss, as well as the enhancement of community resilience and sustainability.

The rest content of this paper is ordered as follows: The second section provides
an overview of disasters and public open spaces, consisting of two parts. The first part
explores the increase in disasters in cities, while the second part examines the
importance of public open spaces during disasters. The third section identifies the
materials and methods used in the study. The fourth section presents the results and
discussion, divided into three parts. The first part presents and discusses the trends in
current research on public open space planning and design and the integration of
disaster resilience. The second part develops the criteria for disaster resilience that
should be integrated into current public open space planning and design. The third part
explores the future direction of public open space planning and design. The fifth
section presents the conclusion of the study. The sixth section addresses the limitations
of the study and provides recommendations for future research.

2. Disasters and public open spaces

2.1. The increase in disasters in cities

A city can be defined as a geographical entity encompassing a large population,
amenities, infrastructure, modern facilities, and more. It represents an integrated
economic and social system situated within a specific geographical location
(Friedmann, 1986). Beyond the tangible aspects of a city, there are intangible elements
that bind people together, such as cultures, subcultures, values, and traditions (Pelling,
2003). As Pelling (2003) explains, cities serve as the backbone of economic expansion,
comprising an interconnected system interlinked with consumption, manufacturing,
employment, and political and cultural realms.

However, cities are also susceptible to sudden stresses or shocks that can result
in social, physical, or economic collapse (Biiylikozkan et al., 2022). Consequently,
cities have historically been exposed to risks, with many centuries-old cities
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demonstrating resilience in the face of resource scarcity, natural hazards, and conflicts.
Nevertheless, the 21st century presents additional challenges due to global pressures
at the city level, leading to an escalation in disasters (Resiliencelndex, 2014).
According to the Emergency Events Database (EM-DAT), there were 4212 disasters
recorded during the period between 1980 and 1999, averaging 210 per year (Cred,
2020). These numbers rose to 7348 in the first twenty years of the 21st century (2000—
2020), averaging 367 disasters annually. The annual count surged to 432 disaster
events in 2021. Floods, storms, and earthquakes were among the most frequent
disasters. However, the onset of the COVID-19 pandemic at the end of 2019 was
particularly devastating, resulting in the deaths of over 7 million people and infecting
more than 703 million people by the beginning of March 2024 (Meter, 2024).

Several factors contribute to the increase in disasters in urban areas, with
urbanization serving as a major catalyst. By 2007, more than half of the planet’s
population resided in cities, a figure that reached 54% by 2014 (Zhang, 2016).
Projections suggest that the urban population could expand by as much as 72% by
2050 (Zhang, 2016). Human migration and the increasing expansion of urban
populations present considerable challenges to the natural and built environments of
urban areas. As per the United Nations International Strategy for Disaster Reduction
(UNISDR) (UNISDR, 2012), rapid urbanization poses several challenges, such as
increased pressure on land and services, inadequate capacities and uncertain mandates
for Disaster Risk Reduction (DRR), resource mismanagement, settlement in hazard-
prone regions, inconsistent emergency services, and ecosystem degradation.

Climate change represents another major factor amplifying disasters in cities
through complex interactions with risk and vulnerability components. For instance,
climate change has altered precipitation patterns, resulting in some regions
experiencing more severe and frequent rainfall while others face drought (Dore, 2005).
These changes affect agricultural output, food security, and water availability. Areas
experiencing heavy precipitation witness more frequent and severe flooding, leading
to significant losses in lives and property. Furthermore, climate change has heightened
the frequency and intensity of forest fires, rendering forests more susceptible to blazes
(Hore et al., 2018). Additionally, climate change has impacted the dispersion of
ailment vectors such as ticks, mosquitoes, and fleas, contributing to the spread of
diseases like dengue fever, malaria, and Lyme disease. Rising temperatures have also
increased the prevalence of heat-related illnesses and allergies (Costello et al., 2009).

2.2. The vital role of public open spaces in disaster response

Public open spaces serve as the arena where people interact, express their values,
and sense their identity, encompassing both perceptual and functional dimensions.
Within the city, public open spaces play a pivotal function in shaping its morphology
and performance, serving as the canvas upon which the city’s identity is revealed and
the conduit through which its internal dynamics are accommodated. Moreover, public
open spaces assume a critical role during extraordinary events. They provide a
semblance of normalcy and community amidst and following a disaster, fostering
social cohesion and facilitating community recovery. Public open spaces also offer
opportunities to promote physical and mental well-being during such exceptional
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circumstances.

During disasters, public open spaces such as squares, parks, and sports fields
serve as ideal locations for safely and efficiently evacuating affected individuals. For
example, after the 2004 Indian Ocean tsunami (Yamada et al., 2006) and the 2012
Hurricane Sandy in New York City (News, 2012), public open spaces were utilized as
safe refuges for evacuees, providing shelters and distributing relief goods.

In health disasters such as the COVID-19 outbreak, public open spaces play a
vital role in delivering fundamental services. Public open spaces such as sports fields
and squares served as sites for pandemic testing, vaccination clinics, and the treatment
of affected individuals (Figure 1).

Figure 1. Using public open space for medical purposes during the COVID-19
pandemic (Chongqing, China, 2022).

Public open spaces also contribute to relief efforts during disasters. After
Hurricane Katrina, parks and sports fields served as distribution depots for relief goods
(Subaiya et al., 2014). Similarly, following the Haiti 2010 earthquake, soccer fields
and parks were utilized as landing sites for helicopters distributing relief supplies
(Migration, 2021). Moreover, public open spaces serve as central locations for
volunteers to coordinate their operations (Rahill et al., 2014).

In addition to their practical roles, public open spaces offer important
psychological benefits. They provide social support and a sense of community for
affected individuals, helping to reduce stress and enhance psychological resilience.
For example, sports fields and parks served as gathering areas for affected individuals
after the Grenfell Tower fire in London in 2017 (Macey, 2018). During the COVID-
19 pandemic, accessing public open spaces has been shown to significantly improve
people’s health and reduce the negative impacts of the pandemic (Soga et al., 2021).

3. Materials and methods

This study consists of two primary stages. Initially, a comprehensive literature
review was conducted to explore current trends in public open space planning and
design, with a particular emphasis on integrating disaster resilience. The search
encompassed three databases: Google Scholar, Web of Science, and Scopus, focusing
solely on English-language documents published up to 2023. The literature review
was organized into several steps (Figure 2).
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Stage 1: Examining current literature on public open space
planning and design and disaster resilience
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Stage 2: Developing new framework for integrating disaster
resilience into public open space planning and design
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Disaster resilient public open space

Figure 2. Methodology of the study.

Initially, a broad search on public open space yielded 5600 documents.
Subsequently, two additional searches were conducted to delve into literature
specifically related to public open space planning and design, and public open space
and disaster resilience, resulting in 350 and 640 documents, respectively.

From the subset of 350 documents on public open space planning and design, 85
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were selected for their in-depth discussions on the topic. Similarly, from the 640
documents related to public open space and disasters, an additional search focusing on
public open space and disaster resilience identified 350 relevant documents. From this
subset, 67 articles were chosen for their relevance to disaster resilience and public
open space planning and design. These documents underwent careful examination to
explore the potential of integrating disaster resilience into current research on public
open space planning and design.

In the second stage of the study, a comprehensive framework was developed
based on the insights gleaned from the literature review. These insights were derived
from the pivotal role of public open spaces during disasters, the importance of urban
planning and design, and the existing gap in incorporating disaster resilience in current
research on public open space planning and design. This framework aims to establish
disaster-resilient public open spaces capable of functioning effectively both in normal
circumstances and during disasters.

4. Results and discussion

4.1. Trends in research on public open space planning and design and
disaster resilience

4.1.1. Main focus of current research on public open space planning and design

Among 350 published works that have been found in connection with public open
space planning and design, 85 works were assessed deeply in this study. The choice
of these works is based on their deep emphasis on public open space planning and
design. Results show that public open spaces constitute a fundamental aspect of any
city, and there has been a noticeable shift towards prioritizing their planning and
design in the last three decades. According to Thompson (2002), the main objective
of public open spaces is to preserve and enhance natural resources while facilitating
recreational activities. Carmona (2010, 2019) extends this perspective from a
sociocultural angle, emphasizing that exterior public open spaces breathe life into
urban areas by providing opportunities for movement, wildlife habitats, and hosting
special events. Public open spaces in urban areas, as noted by Mehta (2014), serve as
venues for celebrating cultural diversity, enjoying the outdoors, and fostering
community cohesion and communication. Adding to this, Woolley (2006) highlights
the prominent social benefits of urban public open spaces, providing places for social
interaction, engagement in activities, and event participation. Additionally, public
open spaces offer residents a respite from stress and an opportunity to appreciate
tranquility and peace (Chiesura, 2004). Consequently, there is an increasing
recognition of the importance of inclusive design, which aims to cater to diverse
groups, including individuals with disabilities, seniors, children, and ethnic minorities.

In addition to the sociocultural and psychological advantages, attractive large
public open spaces have been shown to increase the likelihood of walking and
engaging in other forms of physical activities, which have positive impacts on people’s
health (Douglas et al., 2017; Koohsari et al., 2015). Furthermore, contemporary
designers and planners are keen to integrate greenery into public open spaces due to
its visual appeal and the environmental benefits it offers to the area. According to
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Chiesura (2004) and Sturiale and Scuderi (2019), urban parks and green spaces
contribute to environmental purification by filtering water and air, reducing wind and
noise, and stabilizing the microclimate. Moreover, urban parks and green areas are
recognized as vital components of climate change adaptation because they provide
natural cooling effects and help reduce surface runoff of rainwater (Peng et al., 2021;
Selmi et al., 2016).

Moreover, current planning and design considerations for public open spaces
extend to encompass their economic advantages for governments and inhabitants. For
example, the emphasis on historical, recreational, and aesthetic aspects of a city’s
public open spaces can bolster the tourism sector, thereby creating more job prospects
and increasing the city’s income (Carmona, 2019). Furthermore, the presence of
natural and recreational features enhances property values, leading to higher tax
revenues (Chiesura, 2004). Within this context, Tajima (2003) elucidates that public
open spaces contribute significantly to the comprehensive advancement of a region
and its urban layout. On one hand, inhabitants are more inclined to reside near public
open spaces when they have easy access to them. On the other hand, this increased
residential proximity incentivizes investment in improving the public open spaces’
quality, thereby attracting more people to use and enjoy them (Table 1).

Table 1. Summary of the focus on current research on public open space planning

and design.
Aspect Focus of research
Enhancing community cohesion and communication.
Sociocultural benefits Providing opportunities for social interaction and engagement.

Hosting special events and celebrating cultural diversity.

) Offering residents a respite from stress and promoting tranquility.
Psychological benefits ) ) o S
Promoting physical activity and positive impacts on health.

] Integrating greenery for visual appeal and environmental purification.
Environmental benefits ) )
Climate change adaptation.

Boosting the tourism sector and creating job prospects.
Economic benefits Increasing property values and tax revenues.

Contributing to the comprehensive advancement of urban regions.

4.1.2. Current research on disaster resilience in public open space planning and
design

1) Current research on public open space and disaster resilience

After conducting a survey of the literature, 640 documents were found on the
topic of public open space and disasters. Among these 640 documents, 350 indicated
resilience to disasters in public open spaces, while the other publications only
acknowledge the significance of public open spaces during disasters. The chosen
papers were meticulously classified based on the types of disasters explored and the
period of their publication.

The results show that the predominant focus of research on public open space and
disaster resilience pertains to climate-related issues, with a significant portion
dedicated to studying urban heat islands (8%), floods (18%), and the impacts of
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climate change (40%). The impacts of climate change category encompass a broad
spectrum of topics, including heat waves, stormwater management, air pollution,
drought, erosion, landslides, and water pollution. While floods and urban heat islands
may be inherently related to climate change, they were treated separately if not
explicitly linked within the documents.

7% of the literature focused on earthquakes, while 1.5% focused on pandemics.
20.5% of the literature was dedicated to general hazards without specific disaster
scenarios, while 5% of the analyzed studies focused on man-made incidents such as
terrorism and wars, as well as some other natural disasters not mentioned above, like
hurricanes, tsunamis, droughts, windstorms, and fires (Figure 3).
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Figure 3. Distribution of disaster types addressed in the literature on public open
space and disaster resilience.
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Figure 4. Temporal distribution of studies on public open space and disaster
resilience.

Regarding the publication timeline, the majority of the selected documents were
published within the last six years (2017-2023). Predating 2010, the focus of most
studies primarily revolved around general hazards or some man-made and other
natural disasters that are classified in this study under the category of other. Research
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specifically addressing individual disaster types such as earthquakes, floods, and urban
heat islands became more prevalent after 2010. Research on public open space
resilience to pandemics mainly emerged since 2020, following the onset of the
COVID-19 pandemic (Figure 4). These results indicate the increasing recognition of
the significance of open spaces in disaster resilience and underscore the pressing need
for further exploration and inquiry in this emerging field.
2)  Current research on public open space planning and design and disaster resilience
Research on public open spaces and disaster resilience reveals that out of the 350
documents focusing on this topic (as discussed in part 4.1.2.1), only 67 articles address
the planning and design in ensuring disaster resilience in public open spaces. These
articles mostly focus on climate change impacts, floods, and earthquakes, accounting
for 42%, 22%, and 18% of the total, respectively. The remaining 18% encompass
studies on disasters in general and other types of disasters not mentioned above
(Figure 5). The emphasis on disaster resilience in public open space planning and
design mainly began after 2010, with a notable increase observed in the last six years
(2017-2023) (Figure 6). However, despite the notable growth of literature on disaster
resilience in the planning and design of public open spaces, this growth is slow and
limited compared to the other components of a city, such as buildings and
infrastructure. Moreover, the current literature often lacks clear practical guidance on
planning and designing resilient public open spaces to respond to disasters and
mitigate their effects. Instead, it emphasizes the importance of ensuring public open
spaces are resilient to disasters and advocates for modifications in public open space
design and planning. This gap may stem from a misunderstanding of the role of form
and space in urban system dynamics. Additionally, the various definitions of the
resilience concept and the persistent confusion between notions of sustainability and
resilience could further exacerbate this situation.
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Figure 5. Distribution of disaster types addressed in the literature on public open
space planning and design and disaster resilience.
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Figure 6. Temporal distribution of studies on public open space planning and design
and disaster resilience.

In this regard, this study posits that integrating resilience criteria into the current
emphasis on public open space planning and design is essential for ensuring their
effective response to disasters. Resilience holds various interpretations in academia,
contingent upon the aspect or domain investigating the concept (Marasco et al., 2022).
In the realm of disaster prevention, resilience typically denotes the capacity to
withstand, absorb, and recover from disasters (Timmermann, 1981). In recent times,
the “disaster resilience” concept has gained increasing prominence in urban contexts
(Sharifi, 2020). The “disaster-resilient city” notion has similarly gained traction and is
now prevalent in many institutional policy documents and disaster management
studies (Alawi et al., 2023).

Within this context, urban planning and design hold significant potential to play
a vital role in the establishment of resilient disaster cities and serve as important
instruments in mitigating the devastating consequences of disasters while bolstering
community resilience. Urban planning and design possess the capability to integrate
multidimensional features aimed at reducing the impact of disasters. Numerous recent
studies have underscored the importance of this role (Allan et al., 2013; Covatta and
Ikalovi¢, 2022; Hossain, 2014; Villagra-Islas and Alves, 2016). Furthermore, recent
international agreements such as the Hyogo Framework for Action (2005) (UNISDR,
2005), the Sendai Framework for Disaster Risk Reduction (2015) (UNISDR, 2015),
and the 2030 Agenda for Sustainable Development (2015) (Nations, 2015) have
emphasized the significance of integrating resilience-building and disaster risk
reduction into urban design and planning processes.

4.2. Criteria for disaster resilience in public open spaces

The literature in Section 2.1 indicates that disasters in cities are increasing.
Additionally, the literature in Section 2.2 on the role of public open spaces during past
disasters shows that these spaces play a crucial role in responding to and mitigating
the effects of disasters. However, the results in Section 4.1 show that the current focus
on planning and designing public open spaces is primarily to ensure sociocultural,

11
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psychological, environmental, and economic benefits, with limited attention given to
integrating disaster resilience. This lack of focus on integrating disaster resilience in
the planning and designing of public open spaces fails to provide clear guidance for
planners and designers. Consequently, this section aims to provide clear guidance for
planners and designers to integrate disaster resilience into the process of public open
space planning and design by developing four main criteria. These criteria ensure the
effectiveness of public open spaces’ response, both in normal situations and during
disasters.

4.2.1. Multifunctionality

Functionality indicates the capability to fulfill a specific duty or role. The
interpretation of functionality is subjective and relies on the context in which the
medium, whether it be a space, activity, object, or process, is considered capable of
carrying out its function toward any given objective. Multifunctionality, in this context,
is a criterion of space, activity, or artifact that involves fulfilling or having multiple
functions and providing several purposes or goals, or outputs at once. It is also possible
to view multifunctionality as a value that helps with the resolution of numerous issues
or the acquisition of several advantages. But it’s not a value until it’s connected to a
specific goal or purpose (Zivkovié et al., 2019). In the realm of urban planning and
design, the multifunctionality of public open spaces indicates the usage of public open
space (park, square, sports field, etc.) to provide multiple functions and be used for a
wide range of activities, like recreation, play, movement, education, landscaping,
agriculture, wildlife habitat setting, and community development (Waters and Smith,
2002).

Multifunctionality in public open spaces plays an essential role in enhancing their
responsiveness to disasters. Multifunctionality promotes a culture of adaptability and
helps to establish more resilient communities (Leén and March, 2014). From the
multifunctionality perspective, public open spaces are capable of providing multiple
functions and fulfilling a range of demands at once. They can effectively respond to
disasters while also providing various sociocultural, psychological, environmental,
and economic benefits. Therefore, it is imperative to incorporate multifunctionality
into public open space planning and design to enhance and expand disaster
preparedness.

In this context, public open spaces should satisfy the everyday requirements of
inhabitants and deal with unexpected events. Public open spaces’ responsiveness to
disasters is more efficient if incorporated into everyday life (Mazereeuw and Yarina,
2017).

Public open spaces should include free areas that can be utilized for recovery and
physical activities during disasters (Turer Baskaya, 2015). These spaces can be used
for celebrations and activities in normal times. Moreover, the inclusion of smart
furniture in public open spaces makes it easier to manage and change its usage pattern
as needed (Shaleh et al., 2022). In addition, public open spaces must be well-equipped
with essential aspects like water, public sanitation, and electricity, as their importance
has been underscored by past disasters experiences (Villagra-Islas and Alves, 2016).
Furthermore, a strong link to nature is crucial in public open spaces to meet users’
preferences and support their recovery from the psychological effects of a disaster
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(Turer Baskaya, 2015) (Table 2).

Table 2. Multifunctionality aspects for disaster resilient public open spaces.

Aspect

Importance

Integration into everyday life.

Abundant free spaces.
Smart furniture integration.

Essential amenities.

Connection to nature.

Enhances the daily use of public open spaces during normal times and increases their responsiveness to
disasters.

Provides multiple options for utilizing public open spaces for recovery during disasters, as well as serving as
places for activities and gatherings during normal times.

Attracts users during normal times and facilitates mood adjustment during disasters based on users’ needs.

Amenities such as water, public sanitation, and electricity are vital for supporting individuals during disasters
and meeting users’ needs during normal times.

Crucial for satisfying user preferences during normal times and aiding in psychological recovery from the
effects of disasters.

4.2.2. Efficiency

Public open space effectiveness indicates the ability of public open space to
furnish sufficient uses. The current focus on efficiency in public open spaces is on the
ability of public open spaces to provide options for social activities and make public
open spaces attractive destinations for visitors (Jalaladdini and Oktay, 2012). In
addition to reflecting the needs and beliefs of the communities and showing the place’s
identity (EI-Husseiny, 2012). According to Bell et al. (2007), elements affecting public
open space effectiveness are government policy priorities including social inclusion,
public concerns such as economic values and the flow of people between spaces.
Contrarily, some social scientists have raised concerns about class-based exclusion,
emphasizing that public open spaces cannot be fully understood without considering
the social context and their development within modern capitalist society (Stanley et
al., 2012). According to El-Husseiny and Kesseiba (2012), effective public open
spaces should be both structured and structuring. Structured refers to the physical
layout and design, while structuring denotes their capacity to shape social interactions
and community dynamics. Therefore, it is crucial to determine the necessary indicators
for a public open space network, which can lead to enhanced urban models. These
indicators are capable of influencing people’s activities while also being influenced
by the behaviors and values of the surrounding community.

However, the current focus does not address the efficiency of public open spaces
in disasters. The public open spaces’ efficiency in disasters means the ability of those
spaces to continue to perform their functions during those difficult times effectively
and sufficiently for all users. The existence of efficient public open spaces helps to
respond and recover quickly from disasters and reduce their losses. On the other hand,
the absence of efficiency in public open spaces leads to the inability to meet the needs
of those affected by disasters, which leads to exacerbating the effects of the disaster
and increasing its losses.

The sufficient usable size of public open space is the major factor in ensuring the
efficiency of public open space during disasters. Ensuring sufficient usable size of
public open spaces promotes community engagement and resilience during disasters.
Consequently, such public open spaces can serve as venues for individuals to securely
congregate, offer mutual support, and recuperate from the impacts of a disaster (Table
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3).

Table 3. Efficiency aspect for disaster resilient public open spaces.

Aspect

Importance

Sufficient
usable size

Crucial for effective responsiveness to disasters; it ensures that all people affected by the disaster have the required space to
recover from the disaster’s effects. Additionally, it plays a role in providing sufficient space for users’ needs during normal times.

Efficiency can be measured by determining the usable size of public open spaces
and determining the surface required for each user based on the norms required
according to the type of disaster and comparing it to the number of residents of the
area to determine the ability of these public open spaces to meet the requirements of
users during the disaster effectively and safely.

4.2.3. Safety

Safety is frequently identified as the primary concern in public open spaces.
There is a greater emphasis on safety now than ever before, and as a result, policies
and regulations that address these concerns have dominated public open space
planning and design. However, the current focus of integrating safety principles in
public open spaces is to provide a sense of security against injury and crime during
daily use in normal times (Mehta, 2014). The current focus on public open space safety
is to ensure that those areas are clear, reading, legible, well-maintained, and clean
(Ghavampour, 2014; McGlynn et al., 2013). In addition to the availability of features
that enhance the sense of safety for users and improve the use of public open spaces
like appropriate lighting units (Cutt et al., 2008; Lloyd et al., 2008; Tucker et al., 2007),
security men, monitoring stations, escort cameras (Zavadskas et al., 2019), and the
presence of emergency stations (Gallerani et al., 2017).

Ensuring safety in disasters is a fundamental aspect of planning and constructing
public open spaces for disaster response, taking into account that not all public open
spaces are appropriate for disaster response. To achieve the effective response of
public open spaces to disasters, they must adhere to safety principles: Assure safety
inside the space, reduce the disaster effects, and prevent secondary risks that may
happen due to some types of disasters. Public open spaces must be devoid of external
physical hazards and provide a stable environment for users during disasters,
enhancing their physical and mental well-being.

Safety must be ensured within the public open space. This includes implementing
safety regulations and strategies that protect the users’ well-being during disasters.
These measures encompass providing basic medical facilities, controlling access
(Ghavampour, 2014; McGlynn et al., 2013), monitoring stations, surveillance cameras
(Zavadskas et al., 2019), and providing emergency stations (Gallerani et al., 2017).
Public open space’s location suitability is a fundamental aspect of ensuring safety
during disasters. Public open spaces should be situated in areas that are shielded from
the direct effects of disasters and the potential secondary hazards resulting from
disasters, including risks like building collapse (Song et al., 2019), proximity to flood
sources (Chen et al., 2018), terrain topography (Liu, 2022), and proximity to explosion
sources such as factories and gas stations (Soltani et al., 2014) (Table 4).
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Table 4. Safety aspects for disaster resilient public open spaces.

Aspect Importance
Safety within the public open space (such as controlling Protects users’ well-being during disasters and provides a sense of security for
access, surveillance cameras, and monitoring stations). users in normal times.

Location suitability (such as building collapse, proximity to
flood sources and explosion sources, and terrain topography).

Protects users from the direct effects of disasters and the potential secondary
hazards resulting from disasters and provides a stable environment for users’
physical and mental well-being.

Provides basic and fast assistance in case of abnormal occurrences in public

Basic medical and emergency facilities (emergency stations).  open spaces, whether during disasters or normal times, enhancing users’

safety and well-being.

4.2.4. Accessibility

Accessibility is a term that reflects the ease and distance of reaching a particular
location. It is usually defined as a measure of the proximity between two locations
(Chang and Liao, 2015; Nicholls, 2001; Yin and Xu, 2009). According to Sendi and
Goli¢nik Marusi¢ (2012), the current focus on accessibility to public open spaces is on
three levels: visual, physical, and symbolic. Visual access is achieved by promoting
transparency and a visible connection between individuals and the places they intend
to visit. Physical access refers to the linkage and connection between public open space
and its surrounding environment without obstacles. Symbolic access is achieved
through notable landmarks, distinct signage, landscape elements, suggestive features,
etc. (Sendi and Goli¢nik Marusi¢, 2012).

The disaster resilience of an access network is identified as the capability of the
access network system to keep the performance or minimize the effect after a
disturbance. In addition, the system should be capable to bounce back from setbacks
or adjust to new circumstances (Aghababaei et al., 2021; Mason and Brabhaharan,
2021; Zhang et al., 2015). In this regard, the access network to public open spaces
must be efficient before, during, and after a disaster. On the one hand, the availability
of aresilient access network attracts users to visit public open spaces and perform their
daily activities, thus improving the city’s sustainability. On the other hand, it ensures
safe and efficient reach to public open spaces during disasters. While the unavailability
of a resilient access system to public open spaces will reduce their use in normal times
and make it difficult to use public open spaces during disasters, resulting in increasing
losses from disasters.

Linking public open spaces with vehicle roads and active transport (pedestrian
paths and bicycle lanes) (Organization, 2022) is a leading factor in determining
accessibility to public open spaces. Access networks to public open spaces must ensure
equity, quality, and sufficiency to avoid disturbance, delay, and congestion during
disasters, especially in densely populated areas. In addition, the proximity of public
open spaces to healthcare facilities, security, and fire stations (Gall, 2004; Tai et al.,
2010) is a critical factor in ensuring an effective response to disasters. Another
significant factor in evaluating the accessibility of public open spaces is their
proximity to homes (Logan and Guikema, 2020) (Table 5).
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Table 5. Accessibility aspects for disaster resilient public open spaces.

Aspect

Importance

Linking with vehicle roads.

Appropriate active transport
network (pedestrian paths and
cycling lanes).

Proximity to homes.
Proximity to service facilities

(healthcare centers, security, and
fire stations).

Important for fast evacuation and to avoid disturbance, delay, and congestion during disasters.

Attracts users during normal times and provides safe and efficient evacuation during disasters,
particularly crucial during events such as earthquakes when vehicular roads may be damaged or unusable,
and during pandemics when individuals may avoid using public transportation due to the risk of infection.

Ensures fast and safe access to public open spaces within a reasonable time. Additionally, it encourages
individuals to visit public open spaces during normal times and enjoy their advantages.

Ensures fast and effective assistance for users’ needs and problems in public open spaces, whether during
disasters or normal times.

4.3. Future public open spaces planning and design

As outlined in part 2.1, the incidence of disasters is on the rise, placing increasing
pressure on engineers, urban planners, architects, and authorities to enhance cities’
resilience to disasters. There is an urgent imperative to prioritize the establishment of
resilient cities capable of withstanding the impact of disasters, alongside conducting
further research into methods for assessing urban resilience to disasters, enhancing
governance structures, and integrating physical design and planning into urban
environments. Within this framework, cities with accessible, adaptable, and well-
utilized public open spaces exhibit higher resilience to disasters. Consequently, cities
must strengthen the resilience of public open spaces and reevaluate financial and
legislative frameworks to foster the creation of resilient cities.

This study underscores the importance for architects, urban planners, and
policymakers to expand their focus beyond the typical priorities of ensuring
sociocultural, psychological, environmental, and economic benefits. Prioritizing
disaster resilience is crucial. Public open spaces must be planned and designed to
function effectively both in ordinary circumstances and during disasters by integrating
the current priorities with resilience to disasters (Figure 7).

Current focus on public open space planning and design
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Figure 7. Framework for planning and designing disaster resilient public open

spaces.
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Furthermore, engaging the local community in the process of planning and design
is essential. This engagement facilitates a deeper understanding of their requirements
and desires, which can be utilized to tailor public open spaces appropriately. Such
community participation nurtures a sense of ownership and encourages responsible
utilization, particularly during disasters.

5. Conclusion

This study focuses on integrating disaster resilience into public open space
planning and design. Initially, a literature review survey was conducted to assess the
current focus of research on public open space planning and design and the integration
of disaster resilience in these processes. Results indicate that out of 640 documents
found on the topic of public open spaces and disasters, 350 addressed resilience to
disasters in public open spaces, while the remaining publications merely
acknowledged the significance of public open spaces during disasters. Among the 350
documents focusing on disaster resilience and public open space, only 67 articles
discussed planning and design strategies to ensure disaster resilience, with a majority
published during the last six years (2017-2023) and a notable emphasis on climate
change impacts, floods, and earthquakes. However, it was found that studies indicating
the integration of disaster resilience in the planning and designing of public open
spaces often lack clear guidance for planners and designers. The current focus on
planning and designing public open spaces primarily revolves around ensuring
sociocultural, psychological, environmental, and economic benefits.

Secondly, the study established a theoretical framework for enhancing public
open spaces’ responsiveness to disasters through resilient urban planning and design.
The study developed four main resilience criteria that can be integrated into the
process of public open space planning and design to ensure the effectiveness of public
open spaces in all situations, whether in normal situations or during disasters. These
criteria include: (1) multifunctionality, encompassing everyday use, free spaces, smart
furniture, essential amenities, and connection to nature; (2) efficiency, ensuring the
availability of sufficient usable size in public open spaces; (3) Safety, covering safety
measures within the public open space (such as controlling access, surveillance
cameras, and monitoring stations), location suitability (e.g., susceptibility to building
collapse, proximity to flood and explosion sources, and terrain topography), and
provision of basic medical and emergency facilities (e.g., emergency stations); (4)
Accessibility, involving the linkage of public open spaces with vehicle roads, the
presence of appropriate active transport networks (e.g., pedestrian paths and cycling
lanes), proximity to homes, and proximity to service facilities (e.g., healthcare centers,
security, and fire stations).

6. Limitations and recommendations for future studies

Despite the significance of this work, there are several limitations. Although the
literature survey covers various types of disasters—natural, man-made, and
biological—the framework developed in this study primarily focuses on disasters that
have a significant impact on cities and people’s lives. Specifically, the study
framework emphasizes disasters where public open spaces play a crucial role and
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where urban design and planning interventions are essential for enhancing response
efforts. These include natural phenomena such as earthquakes and biological events
like pandemics. Additionally, due to the diverse nature of public open spaces, the study
primarily focuses on those that play significant roles in responding to various types of
disasters, such as parks, squares, and sports fields.

On the other hand, the disaster resilience criteria developed in this study are
general, and the considerations of each criterion may vary from one disaster to another.
Moreover, the degree of importance of each factor can also vary between disasters.
Furthermore, the study develops only a theoretical framework without practical testing.
Therefore, future research should concentrate on applying these criteria in different
contexts to evaluate and enhance disaster resilience in public open spaces.
Additionally, this study represents an initial step toward integrating disaster resilience
into the process of planning and designing public open spaces. Therefore, it is
imperative that future studies delve deeper into this topic through additional
investigations.
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