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Abstract: Flood is a reoccurring disaster throughout the world. With the increasing effects of
climate change, the occurrence of floods is predicted to increase, impeding development
and growth. Moving forward towards 2030, the United Nations calls for a strategic recovery,
rehabilitation and reconstruction that embodies the “build back better” approach. Existing
disaster risk reduction efforts for floods have focused on restorative and preventive measures
through anintegrated architectural response that encompasses the experiential and inherited
knowledge of communities living in flood-prone areas together with fechnological and disaster
risk reduction operations for flood resilience. The study utilised current literature reviews to
identify environmental, social and governance (ESG) domains for risk reduction and three key
strategies from the ESG domains, extending towards urban design for disaster management
opportunities. Results were collated and analysed through a thematic literature review from
local and international knowledge. The findings suggested that it is vital fo respond to and
attend to the ESG-integrated approach to promote and sustain resilient urban design and
architecture. The study presented a holistic urban design framework fowards flood resilience.

Keywords: Climate change, Disaster risk management, Flood resilience, Sustainable
architectural and urban design, Environmental, social and governance (ESG) domain

INTRODUCTION

Floods are one of the most recurring forms of natural disasters worldwide.
Communities and governments suffer from immediate damages caused by
floods, such as socio-economic loss due to disruptions of activities, environmental
damages and the cost of rescue operations and repairs. There are also long-
term effects relating to health, economic growth and the degradation of the
environment. Rapidly developing countries in Southeast Asia are the most affected
by floods. In Malaysia, about 9% of the land area that accommodates around 21%
of the population is susceptible to flooding (Muhammad, Akashah and Abdullah,
2016). Malaysia is prone to flooding due to the availability of rainfall all year
round, as it is located along the equator. Local knowledge and initiatives have
been developed from on-the-ground experiences facing floods (Ainullotfi, lbrahim
and Masron, 2014). In the international context, floods also lead to massive losses
and damage. International disaster risk reduction efforts follow the Disaster Risk
Reduction Frameworks, developed by the United Nations Office for Disaster Risk
Reduction (UNDRR), with the goal of reducing impacts resulting from a disaster. The
current risk reduction framework is the Sendai Framework (UNDRR, 2015). The Sendai
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Framework promotes a culture of “building back better” where the confributions of
architecture and urban design play an extensive role in disaster reduction efforts.
It places a strong emphasis on a community-driven approach and an integrated
approach between disciplines that recognise climate change and interface with
technological advancements.

The application of resilient strategies is less effective, largely because of non-
infegrated approaches. In general, approaches for disaster resilience are divided
info two categories: structural and non-structural. However, there is a lack of
infegrated applications for most approaches because tracks for implementation
are widely missing. Therefore, the current study attempted to offer the approaches
of environmental, social and governance (ESG) in the implementation strategies.
This study illustrated a diversified set of strategies implemented or proposed
for urban resilience in three folds of ESG recorded in literature (as shown in
Figure 1). Later, the study illustrated how the three strategies were integrated in
urban design. ESG, in this study, was franslated as resource use, community impact
and risk management, respectively.
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Figure 1. ESG pillars and scores
Source: Halker Engineered Solutions (2021)

METHODOLOGY AND MATERIALS

The study deployed a mixed research methodology through literature reviews. It
used two methods of literature reviews, namely, systematic and traditional methods.
Since the objective of the study dealt with integrated approaches, the literature
review was performed through both qualitative and quantitative research content.
Moreover, systematic literature reviews published within the previous five years and
fraditional reviews that involved policies, government papers, and historical and
philosophical books were studied. A systematic literature review was done through
the Scopus Search engine using the keywords "urban resilience for flood disasters".
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ENVIRONMENTAL CONSIDERATIONS FOR DISASTER RISK REDUCTION

ESG principles prioritise environmental sustainability and stewardship. In the context
of urban resilience, the use of ESG means implementing flood management
strategies that minimise environmental harm and promote ecosystem health. For
example, sustainable land use planning can help preserve natural habitats and
mitigate the loss of green spaces in urban areas. This is because green infrastructure
solutions, such as green roofs and wetland restoration, not only reduce flood risk
but also enhance biodiversity and ecosystem services.

Macro Structural Interventions

Recent studies show that international disaster risk reduction efforts have focused
on post-flood and pre-flood strategies. Strategies implemented are often direct
responses to challenges imposed by physical exposure to floods. A study in the
area of Ibadan metropolis (Salami, Giggins and Meding, 2017) and Katsina City
in Nigeria (Mashi et al., 2020) found that low-lying flat lands and developments at
riverbanks were areas with high exposure to floods. These areas were inhabited by
the urban poor. These developments can be curbed through the planning of zones
and land use along with the control of urban development (Munyai et al., 2021).
A study in Southern Malawi implemented temporary migratfion as the solution and
applied the concept further to their livestock to mitigate the loss of livelihood and
income (Trogrli¢ et al., 2019).

In Malaysia, its government has implemented many projects as part of risk
reduction and resilience to the community, particularly through the Department
of Drainage and Irrigation (DID) Malaysia. DID is the designated Malaysian agency
for flood disaster management (Chan et al., 2020). DID contributes towards river
improvements through work such as widening, dredging and deepening existing
river channels, besides constructing river embankments, river bunds, tidal control
gates, dams and diversion relief channels. Diversion relief channels work together
with flood gates to divert water away from flood susceptible areas located in
uplands, while river bunds and embankments, as well as tidal gates, protect low-
lying suspectable land from floods. It is also in charge of the enlargement and
deepening of rivers to increase the river's water capacity benefit at low-lying and
uplands. In the urban setting, retention ponds, retention tanks, water pump stations,
and post-construction and floodproofing buildings are also built after floods.

Connectivity is the next important intervention for the provision of rescue
operations that includes transportation and medical supplies in addition to food,
clothing and communication which is critical as part of the flood relief supply
(Ludin and Arbon, 2017). During floods, transportation may be cut off due fo roads
being submerged, as recorded in flood maps. Participants and volunteers then
encounter challenges in reaching flood victims due to a lack of boats to reach
them.

Mirco-Structural Adaptations
Places are converted into flood relief centres for refuge during floods (Sach et al.,

2018). This structural adaptation measure was taken in Johor was the selection and
conversion of spaces in places of worship, schools and community centres. For
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example, the upper levels of two-storey homes in Segambut, Johor, were preferred
by residents to reside in while waiting for floods to subside (Karki, 2016). Most
communifies living in one-story houses have adapted to living with floods with the
construction of an addifional storey (Asmara and Ludin, 2014). The community also
installed latches in their cabinets and wardrobes (Diyana, 2022). These strategies
manifest in places where historical flood records indicated one day for flood waters
to subside.

Another approach tfowards floods is the adaptation of design based on the
historical experiences of communities living in floodplains. Studies of community-
driven approaches through the integration and adaptation of experiences and
inherited local knowledge of living in flood plains were conducted (Akturk, 2022;
Brisibe, 2018; Joseph et al., 2011; Trogrli¢ et al., 2019). Adaptations according
to historical flood inundation levels have been directly translated regardless of
community and locality. These adaptations respond to historical flood inundation
levels simply by building floors above the levels. In Louisiana, USA, building codes
required floor levels to be raised 900 mm above local flood elevations, while
Christchurch, New Zealand, required floor heights fo be built above the existing
200-year flood level (Brisibe, 2018).

In Cockermouth, England, modifications of electric service articulations were
carried outinresponse to experiences and historicalreferences of anficipated flood
levels (Joseph et al., 2011). A similar strategy was observed in Semarang, Indonesia,
at a larger scale, where damaged homes performed backfilling of floor levels to
achieve a higher level of 30 cm above the road levels (Kurniawati, Mussadun and
Nugraha, 2020). The raising of windowsills and doors was also observed in the two
examples presented above. The performance of drain channels is another key
focus area for disaster risk reduction (Munyai et al., 2021). Poor runoff of water due
to drainage and blocked channels during extreme rainfall is a key contributor to
floods (Munyai et al., 2021). Also, damage to buildings and materials increases with
the duration of exposure to water and the increase of flood depth (Brisibe, 2018). As
part of flood adaptation measures, communities improved drainage around their
homes with the building of temporary dikes (Trogrli¢ et al., 2019). Similar strategies
were implemented by communities in Limpopo, South Africa (Munyai et al., 2021).
The infroduction of drains along the roads was an active flood prevention strategy
that reduced flood damage costs by 19% (Sohn et al., 2020).

SOCIAL CONSIDERATIONS FOR DISASTER RISK REDUCTION

Social resilience is a key aspect of ESG. It focuses on equity, social cohesion
and adaptive structures. Urban resilience measures should prioritise the needs
of vulnerable populations, such as low-income communities and marginalised
groups, who are often disproportionately affected by floods and climate change
impacts. Community engagement and participatory decision-making processes
ensure that resilience strategies are inclusive and address the specific concerns
of residents. Furthermore, investing in affordable housing and social infrastructure
can help enhance the resilience of communities to flood events and other climate-
related disasters.
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Social Cohesion

Resilience is the ability fo withstand and maintain the community’s original functions
during disaster impacts and the ability to return to its original functions pre-impact.
The two key criteria from this perspective are robustness and speed. Among the
four characteristics of resilience infrastructure: robustness, rapidity, resourcefulness
and redundancy (Ahmad, Zin and Alauddin, 2020), robustness and redundancy
are regarded as physical elements while rapidity and resourcefulness are non-
physical elements.

The community of Kelantan regarded robustness and resourcefulness as
the two main criteria, followed by rapidity and redundancy. In Kuala Lumpur,
community-based organisations and community-based networks were formed
post floods, especially in the illegal settlement areas (Zahari and Ariffin, 2013). These
community-based organisations function as “flood early warning systems” through
the public announcement system in local mosques. Zahari and Ariffin (2013) found
that the community exhibited a sense of responsibility towards their neighbours and
commitment during the rescue efforts working with the local Malaysian Red Cross
Organisation, which was among the first in the disaster landscape.

The floods in 2007, 2011 and 2012 resulted in population displacement and
damage to the built environment in Johor (Barau, 2013). The floods were caused by
changes in wind flow characteristics arising from climate change and an increasing
frend of floods is predicted. The community principle observed in Johor was
gotong-royong (communal work) to maintain, upkeep and conduct restoration
work af different stages of the floods. It is a form of community-based organisation
that was formed as part of the community disaster risk reduction initiatives. Gotong-
royong was based on ownership, selflessness and togetherness, similar to other
case studies (e.g., Sach et al., 2018).

Adaptive Structures by Communities

Structural projects implemented by the government are effective upon
implementation fo maintain their original functions that require servicing and
maintenance. Organised preventive maintenance and planned corrective
approaches and the upgrading of existing systems, along with the availability of
manpower to restore and reconstruct these structures post-disasters, are key for
the continual operation of these systems (Ahmad, Zin and Alauddin, 2020; Chan
et al., 2020).

The Sendai Framework on disaster risk reduction involve the local community
in building resilience (UNDRR, 2015). Resilience through disaster risk reduction
initiatives is enforced through resourcefulness and rapidity. The provision of
awareness, fraining and involvement in project decisions as the local community
is most familiar with the local context and is ever ready to respond. In addition,
working together with local community stakeholders builds resilience through a
community that is aware, skiled and alert and is ever ready to respond to disasters
(Roosli, Nordin and O'Brien, 2018).

Besides the establishment of community-based organisations, the local
community has adopted socially constructed adaptations to the built environments
in response to floods. Historical knowledge of flood experiences and community
information on flood inundation levels, together with the awareness of elevations,
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provided references for community adaptations to the environment. For example,
the construction of shelves located at high elevations, half-height walls and raised
platforms, and the selection of building materials concrete fo replace timber
plank walls.

Most communities living in flood-prone areas are from the low-income group;
thus, requiring cost-effective methods. Homes are built of timber construction or
non-plastered masonry finishes. However, Platt et al. (2021) found that plastered
masonry walls were not as resilient as plastered and reinforced masonry walls. The
stfudy presented the strategic application of geogrid reinforcement in plasters for
unreinforced masonry walls as an economical alternative to counteract lateral
forces and velocity infroduced by flood inundation waters. In addifion fo the
selection of load-bearing and strategic reinforcement of materials, material type
contributes to the physical vulnerability and resilience of homes located in flood
inundation plains (Eggleston et al., 2021; Joseph et al., 2011; Salami, Giggins and
Meding, 2017), namely different materials for fraditional buildings, reconstruction
technics fordamaged buildings, UPVC for doors, wallboarding, furniture units, skirting
and architraves in place of plasterboard. The increased resilience of communities
significantly reduces anficipated recurring repair costs, which increase over time.

Kelantan and Terengganu are heavily affected by seasonal floodsin Malaysia.
Several well-developed measures were implemented by the community. The most
prominent adaptation fo the structure is rumah rakit (floating houses). Rumah rakit
has been constructed as an adaptation of lifestyle and built environment to live
with the rise and fall of flood inundation waters (Barau, 2013; Chan et al., 2020).
Other adaptations were the use of the ground floor as garages and higher levels
for storage. This was observed in the fraditional home typology of the Malaysian
kampung (vilage) houses consfructed on sfilts. On the other hand, residents
constructed extensions at the ground level of traditional kampung homes for extra
living space due to economic pressure, resulting in less resilient homes to floods.

Awareness Programmes

According to Karki (2016) and Sach et al. (2018), the government plays animportant
role in educating the community on the damage caused by floods. The awareness
of floods increases the knowledge and capacity of communities to deal with
floods (Kamarudin, Rashid and Chong, 2022). Steps to take in anticipation of floods,
flood evacuation and adaptation of houses to floods are some of the key frainings
suggested (Karki, 2016). In addition, there is a need for an integrated platform
where effective flood strategies developed by the communities can be shared
and made readily available. Ludin and Arbon (2017) suggested the use of a
scorecard tfo effectively determine those communities and stakeholders that were
not aware of floods and arrange targeted activity and awareness programmes to
build community resilience.

The psychological aspect of the community is also important for the
effectiveness of early warning systems (Alias et al., 2019). This is because the
preparedness of the community is key. Preparedness is developed through the
psychological readiness of evacuees. Drills, tfraining and awareness programmes
provide predictability on evacuation procedures and build readiness. The other
key element that affects the psychological aspect of early warning systems is the
timeliness and accuracy of warning systems (Ainullotfi, Ibrahim and Masron, 2014).
Also, having flood risk maps in local zoning maps is important.

172/PENERBIT UNIVERSITI SAINS MALAYSIA



ESG Strategies Towards Resilience

GOVERNANCE CONSIDERATIONS FOR DISASTER RISK REDUCTION

Governance principles underpinning ESG emphasise transparency, accountability
and ethical leadership. Effective governance structures are essential for
implementing and coordinating urban resilience initiatives across different levels
of government and sectors. This includes establishing clear regulatory frameworks,
allocating resources equitably and encouraging collaboration between public,
private and civil society actors. Stfrong governance ensures that resilience efforts
are aligned with broader sustainability goals and that decision-making processes
are guided by principles of fairness and social responsibility.

Equity to Resources

A community-based approach is an approach where the community, authorities
and organisation cooperate to resolve communication, investigation and effective
dissemination of information. Evacuation drills, fraining and campaigns involving
evacuation bodies, such as firefighters, police and the medic, together with the
local community leaders, will provide awareness to communities and prepare both
the community and evacuation bodies for actual events (Alias et al., 2019; Zahari
and Ariffin, 2013).

Provided post-flood solutions can also contribute to improving the
resourcefulness of the community. Resourcefulness consists of the ability to identfify,
analyse and determine priorities fo which resources are allocated (Ahmad, Zin
and Alauddin, 2020). To ensure safe participation and effective capacity building,
the selection of local stakeholders and the provision of adequate fraining along
with the machinery and tools are important considerations. Through the supply of
materials, machinery and training, local stakeholders could contribute effectively
within the fimeline of these fast-paced projects.

Besides the storing of food and medicine as emergency supplies during
floods, the provision of technology is an additional implementation found in
Kelantan (Hassan et al., 2020). Communication is key to disaster risk management
activities. For example, Hassan et al. (2020) suggested the provision of power banks
as part of provisions for disaster efforts to ensure communication is secured between
evacuees and facilitators. Another strategy is to provide standalone phones with
their generator to district quarters for communications. A study conducted by
Ludin and Arbon (2017) found that satellite phones and walkie-talkies were useful
in areas away from the city cenfres where mobile phone coverage was not as
high. Another suggestion was to improve social security and protect communities
purchasing houses in these areas through the implementation of flood insurance
(Asmara and Ludin, 2014; Sarkar et al., 2014).

Structural Schemes

In the Netherlands, the Flood Protection Act was established for the government
to effectively manage the integrity of infrastructures to be responsible for the
operation, maintenance and training of personnel and volunteers involved
throughout the country's 41 district administrations (Pilarczyk, 2008). A curation
of a standard assessment to identify areas requiring repair measures before
failure limits, completed maintenance works, damaged areas and mapping of
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existing conditions of infrastructure and controls fo ensure ongoing awareness
of the systems. Af a residential and communal level, communities contribute to
preventive maintenance through scheduled cleaning and sanitation tasks such as
drain jetting and clearing of rubbish in their compounds and village areas (Joseph
et al., 2011). This culture that upholds prevention and maintenance reduces the
cost and damages of floods.

The Malaysian National Security Council and Malaysian Public Works
Department (JKR) have built post-flood relief homes. Roosli and Collins (2016)
suggested the involvement and provision of opportunities fo the local flood
victims, communities, nongovernmental organisations (NGOs) and organisations.
This increases the income, skills and human capital of affected communities and
prepares them for post- flood reconstruction and restoration of buildings. In short,
community involvement improves the resilience of the local community rather
than creating a donor-dependency culfure (Roosli and Collins, 2016).

A culture for flood resilience is another key factor that supports strategy
implementation. Drain channels and permeable surfaces require maintenance to
continue to remain effective (Sohn et al., 2020; Joseph et al., 2011; Brisibe, 2018).
Governments, institutions and communities have confributing roles. Governments
confribute fo flood resilience through large-scale investments in infrastructures and
perform periodic maintenance to ensure systems maintain theirintended operations
(Munawar, Haommad and Waller, 2021). Delayed maintenance and overlooked
allocation for maintenance were some of the risks leading to floods. Over time,
drainage and permeable surfaces may lose their absorbing properties (Sohn et al.,
2020). Debris and soil may fill up these surfaces and clog drain channels leading to
compromised performance. Asset management and ongoing maintenance plans
were recommended as part of the culture for flood resilience to ensure these
systems do not decay and continue to remain effective (Munawar, Hammad and
Waller, 2021). Maintenance exercises such as visual inspections and scheduled drain
jetting are some of the activities that build a culture of preventive maintenance.

The housing scheme, Rumah Kekal Baru (RKB), is one of the projects
implemented by JKR in Kuala Krai, Kelantan (Hanafi et al., 2021). Through RKB,
houses were built over the flood victim’s land. However, these adaptations pose
risks to occupants who dwell in low-lying spaces at the sfilt level (Asmara and Ludin,
2014; Sach et al., 2018). Thus, knowledge and awareness of safe adaptation are
required (Chan et al., 2020; Ludwig and Poliseli, 2018). As an added advantage,
the flood relief supply could include the supply of construction materials for post-
disaster works. In many cases the cost of construction during restoration works post
floods is high. The community could be trained to identify debris that may be reused
as parts of building works during post-disaster operations to improve the economic
viability of post-disaster restoration works (Roosli and Collins, 2016).

Technology Driven Structural Schemes

At their most basic form, water barriers are similar to makeshift sandbags and
boards that are used as temporary measures to prevent water flow info homes
or living areas (Proverbs and Lamond, 2017). Nonetheless, technological solutions
have been implemented for renovations and repairs in response to rising flood
inundation levels during floods in the areas with the high-income group. The most
common modification was the use of water-tight and barrier technology that
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responded during floods (Brisibe, 2018; Joseph et al., 2011; Proverbs and Lamond,
2017). This technology consists of automatic barriers that respond and rise upon the
detection of floods and slot-in barriers that slide info position during floods (Brisibe,
2018).

In 1991, Hong Kong developed remote sensing tfechnology through the
implementation of real-time technology at stations, equipped with real-time
tipping bucket rainfall gauges, ultrasonic water level probes and tide gauges that
collected and analysed hydrological data and flood warning systems (Chui, John
and Chu, 2006). A wireless real-fime flood monitoring system was also implemented
in Ulleung-d, Korea, where sensor information on upstream and downstream river
areas was recorded (Lee et al., 2008). Flood forecasting allows for planning and
decision-making that occurs pre-floods through predictions (Noymanee and
Theeramunkong, 2019).

Another key contributor to the flood resilience of the community is the
availability and effectiveness of early warning systems (EWS) (Ainulloffi, lbrahim
and Masron, 2014). In its basic form, EWS consists of detection, dissemination of
information and the application of historical data from experiences of floods
(Alias et al., 2019). Technological advancements provide automation and off-site
monitoring of hydrological data such as frequency and intensity of rain, discharge
rates of rivers and levels of water bodies. Although so, modern EWS faces
challenges the communities are not fully aware of (Alias et al., 2019; Roosli, Nordin
and O'Brien, 2018). Not all areas were implemented with EWS (Zahari and Ariffin,
2013). This requires leveraging local knowledge through a community-based flood
mitigation plan, requiring a cooperative and participatory approach to enhance
existing EWS (Ainulloffi, lbrahim and Masron, 2014). Community leaders are the
frusted people who can directly inform community members of flood warnings.
Thus, communication or EWS were sent to DID, the National Disaster Control Centre,
the state national security councils and the district centres (Alias et al., 2019). The
current process is a top-down approach.

Summary of Literature Review

A set of ESG domains was identified as: (1) social inclusivity by culture and history,
(2) environmental resourcefulness through materials and drainage and (3)
technologically integrated governance through data and forecasting. Culture
refers to community practices performed by the local population. Meanwhile,
historical interventions are where the local communities react directly to their rich
historical experiences, data and knowledge of the recurrence of floods. Materials
are about the selections and how they are placed together, which affects the
performance of the built environment when dealing with floods. Drainage is about
effective water management.

Moreover, the implementation of technology contributes towards flood
resilience among the local community. As technology continues to advance,
special devices are developed to respond to floods. Forecasting is made possible
through accurate data collection made available through early warning systems
and remote sensing (refer to Table 1 and Figure 2).
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Table 1. Domains of strategies for flood risk reduction

Domains

ESG Sirategies

Social Inclusivity

Culture

History

Seasonal migration, relocation, planned preventive
maintenance, fraining of volunteers and maintenance personnel,
multifunction safe-to-fail public spaces

Raised porch, raised level of electrical switches and plugs, raised
windowsills, enhancement of walls below inundation level, damp
proofing of foundations

Environmental Resourcefulness

Material

Drainage

Use of load-bearing materials, low porosity and less permeable
material, water resistant material, reinforcement of low-lying walls,
no air gaps between wall details

Addition of drainage, drainage enlargement, rainwater
collection, on-site detention tank, perimeter dikes

Technologically Integrated Governance

Technology Early warning system, automated flood barriers, flood control
valves, on-site detention tank, record keeping of hydrological
data

Forecasting Machine learning

CONTEMPORARY THEMES FOR FLOOD RISK REDUCTION
@ ‘
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MIGRATION RAISED PORCH LOAD BEARING DRAINAGE SYSTEM MACHINE LEARNING
[ [ [ [
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Figure 2. Domains of strategies for flood risk reduction
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ESG INTEGRATION TO URBAN DESIGN PRINCIPLES FOR FLOOD RISK REDUCTION

Figure 3 displays the recent shift in architectural paradigm that emphasises largely
onregenerative design integrating human and ecological systems (Kishnani, 2021).

Positive Impact

@ Regenerative Design
i Symbiosis of human-made
and natural systems

® ‘Nature-Based Solutions

Salutogenic Design )
@ super Green Super Green Design

Renewable Energy >
s e /f_’g Wirgmal mpact « Measured performance
< Striving for Zero Impact
- « Foster wellness
Efficient Systems =

Lower Demand and Waste @ Green Green Design
Indoor Environmental Quality Less Negative Impact * Estimated performance
« Striving for relative performing (better
than other buildings of its kind)
@ conventional « Reduce negatives on health and comfort
Negative Impact

Code Compliance

Conventional Practice
“One step better than breaking the
Negative Impact law” (Croxton)

Figure 3. Contemporary paradigm in architecture and urban design
Source: Kishnani (2021)

Urban design as a field of practice has the power to create “resilience in cities”
by promoting integrated approaches of ESG domains. With the understanding of
ESG domains from literature reviews, this study attempted to present case studies
from urban designs that had deployed an integrated approach. The three macro
concepts for a sustainable urban design to create resilience in cities are:

1. Socialinclusivity,
2.  Environmental resourcefulness and

3. Technologically integrated governance.

Social Inclusivity

Planned flooding in urban spaces could be implemented with the concept of
designing “safe to fail” public spaces (Palazzo, 2019). A successful implementation
of this space is found at Zollhallen Plaza in Friedberg, Germany, where a public
space was designed fo be inundated from time fo time. On a larger scale, this
strategy can be implemented throughout urban spaces through the development
of multiple landscape spaces where the collection of water is expected and
retained before being redistributed at safe rates. A housing development located
in Arkadien Winnenden, Stugart, Germany, implemented this solution as it directed
rainwater toward a central water retention reservoir (Wojnowska-Heciak and
Janus, 2016). Water was retained at the reservoir before overflowing into the local
sfream. Also, the detention tank Tai Hung of Hong Kong (Chui, John and Chu, 2006)
was designed to cater to 50-year rainstorms predicted to infroduce 100 mm/hour
of rain fo the area.

The most prominent urban design theory in response to providing better
resilience tfowards floods is the concept of resilient cifies. Resilient cities are cities
that are designed with the capacity to learn and respond to disruptions through
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preparation and adaptation without losing their existing functions (Figueiredo,
Honiden and Schumann, 2018; Bejfullahu, 2017). Resilient cities absorb, adapt
and tfransform accordingly in response o disruptive events. Disruptive events may
occur at any point in fime and consist of changes arising from natural disasters,
economic, pandemics and demographics. These events may be categorised into
the environmental, economic, social and institutional dimensions.

Figueiredo, Honiden and Schumann (2018) found that urban resilience
requires an adaptfive and forward-looking approach fo city design. Resilient
cities are made up of systems and communities that respond towards changes,
easily reorganise and plan for future disruptions from past experiences. To design
systems that generate resilience, key urban design principles are required fo be
investigated in their respective environmental context. A mix of quantitative and
qualitative approaches has been required to uncover and reflect on the risks and
challenges experienced by urban spaces, followed by the study of resources and
capacity fo handle anticipated challenges.

A comprehensive understanding of the contextual situation of the urban
fabric from documented records of environment profiles and inventory of building
assets, including records containing information on building performance during
past disruptions, is needed to carry out a study of cost and benefit analysis to
evaluate the effectiveness of adaptation or mitigation techniques. This record and
document reviews support the mechanism for reflectivity and preparation to ‘build
back better’. Urban flooding results from a very large volume of stormwater that
exceeds the capacity of existing drainage systems (Kipkirui and Kageche, 2020).

The drained city concept (as shown in Figure 4) is a traditional concept of
managing rainwater where drains are designed to respond to anficipated rapid
water levels and volume increase and discharge through technical requirements
based on the allocation of the volume of water build-up and discharge at the fime
of design.

~{ Drainage System Design |
Drained City =
~{ Parameter at Point of Design |

L{ Challenges Increase Trend of Stormwater ‘

Allocation for Seasonal or External Water

Requires Maintenance ‘

Figure 4. Drained city concept

Environmental Resourcefulness

Sponge cities are a new water management concept to improve flood disasters,
making the cities more resilient and sustainable. The concept is based on an
understanding of the amount of water introduced during the seasonal peak
rain period. The sponge city development (SCD) concept was introduced in
2014 in China as a national urban design policy for flood resilience disaster risk
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reduction initiatives (Ma, Jiang and Swallow, 2020). SCD was targeted to improve
other challenges faced in urban cities such as water scarcity, water pollution
and degradation. Eco-system-based approach and low-impact development
strategies were implemented through advancement in stormwater management,
deviating from fraditional engineered drainage solutions. SCD solutions focused on
the natural hydrological cycle consisting of storage of water, infiltration, purification
and reuse of water. Some of the completed infrastructures were green roofs, rain
gardens, bio-swales, stormwater retention basins, modular rainwater storage and
permeable pavements (Nguyen et al., 2019). As a resulf, an estimated investment
of CNY39.9 billion was invested for three years in 30 cities in China to promote the
construction of SCD (Qiao, Liao and Tandrup, 2020).

However, the implementation of SCD was found challenging due to the
lack of space in existing urban fabrics for the incorporation of green infrastructure
that requires a large area to be effective, along with the challenge of quantifying
objectives and post-implementation performances (Qico, Liao and Tandrup, 2020).
Moreover, where a lack of space occurs, the upgrading of grey infrastructure was
implemented, such as the renovation of existing pipe networks, construction of
pump stations and construction of drainpipes and wastewater treatment plants
(summarised in Figure 5). Accordingly, studies (e.g., Nguyen et al., 2019; Qiao, Liao
and Tandrup, 2020) suggested the integration of green and conventional grey
infrastructure for water resilience. Green infrastructure contributes to adaptability
and resistance to climate change, while grey infrastructure traditionally copes
with managing the influx of developments quickly. Nguyen et al. (2020) defines
fraditional grey infrastructure as a cenfralised system, while green infrastructure is
decenftralised. Applying both systems allows cifies to fake advantage of new and
existing strategies that build over existing infrastructure to make improvements to
reduce the water run-off load to existing infrastructure. Nguyen et al. (2020) found
infiltration into the ground and retention can be reduced by up to 40% reduction
in water run-off.

The implementation of SCD requires a holistic approach that integrates into
its confext (Ma, Jiang and Swallow, 2020). A systemic approach from analysis of
urban water and environmental issues followed by identifying available low-impact
development and natfure-based strategies, evaluating their conftribution to the
existing environment and, most importantly, organising community participation
is important fo jointly develop an integrated SCD solution for its community.
Community and stakeholder participationis crucial fo building long-term sustainable
management for SCD solutions as research findings found that challenges faced
by most completed SCD initiatives are mainly related to the poor or lack of long-
term management and maintenance of the design and build environment (Qico,
Liao and Tandrup, 2020).

The projectswere constructedsuccessfully butlong-term confributions towards
completed solutions faced challenges as cities did not receive any maintenance
funding throughout the fraining on the infroduced systems (Ma, Jiang and Swallow,
2020). Thus, rapid implementation was challenging as there was limited expertise
required to implement and maintain SCD projects (Nguyen et al., 2019). This study
proposed improvements by providing fraining fo relevant stakeholders, including
maintaining clear ongoing records of performance indicators for completed SCD
projects versus ifs initial design objectives.
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~| Based on Peak Rain Data ‘
Sponge City =
~| Low Impact Development Strategies ‘
| Water Absorption ‘
| Water Retention ‘
| Water Treatment ‘
| Water Recycling ‘
—' Challenges Requires Large Spaces

| Implementation in Urban Areas

| Tracking Performance

Lack of Expertise |

| Requires Maintenance

Figure 5. SCD and challenges

Technologically Integrated Governance

Intentional and context-sensitive solution is required, as a part of the advancements
and responding to flood challenges. Technology advancements allow for an
analytical and informed approach through computer-aided processes involving
geographic information system (GIS) modelling, spatial data and simulation
analysis before the implementation of SCD strategies. Some key models include
wastewater collection, wastewater treatment, rainfall rate, surface runoff models,
river models, water distribution models, environment assessment models, economic
assessment models and social assessment models (Nguyen et al., 2020). Computer-
aided water management models do not include environmental, social economic
and ecosystem aspects of SCD (Nguyen et al., 2020). Existing models were based
on water infrastructures and macro-scale developments.

An infegrated approach requires local context data input containing
physical fopography, urban development and local infrastructure, fogether with
soft data containing climatic and socio-economic data. Bill Hiller's Space syntax
systemic tool provides an analysis of tangible and intangible aspects of space
(Yamu, Van Nes and Garau, 2021). Space syntax performs special analysis through
convex mapping, axial mapping, isovist mapping and visibility graphs. Space syntax
measures the logic of exirinsic spatial qualities through mathematical relationships.

Convex mapping measures the mathematical accessibility of spaces where
open spaces or rooms are represenfed with a convex outline of the space and
connections to adjacent spaces are recorded. The number of access axial
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lines determines the connectivity level and the hierarchy of the street, being the
most dominant with more connections (Esposito and Pinto, 2014). Isovist graphs
measure the visibility of a space through the overlapping of the volume of space
measured from a vantage point or a panoptic view of a space from multiple points.
The most strategic visual points are determined from the volume with the most
overlapping field of vision demonstrated by the calculation of overlapping isovists.
The application of space syntax to evaluate the addition of a new ring road in
Pontianak, Kalimantan, Indonesia, and how it related to disaster preparedness was
conducted by Gultom, Zaneta and Javiera (2022). The local community preferred
to select roads with the least turns with the shortest paths as these involved shorter
turning angles and distances.

The effects of floods and damage can be analysed fo visualise the impact
of floods. Gil and Steinbach (2008) found the need for the decentralisation of
resources at main road networks and opportunities for an intentional and balanced
distribution of resources on road networks performing with and without disasters
where road hierarchy shifted. In another study, an interesting parameter was
added during the study of evacuation routes using space syntax (Irsyad and Hitoshi,
2022). In Hoaeundae District, Busan, Korea, a study was conducted to determine
the location of evacuation routes and the incorporation of open green spaces
as refuge areas (Jeong et al., 2021). With GIS, space syntax study of axial maps
along with the study on rainfall index and the topographical wetness index, the
stfudy integrated an evacuation route with existing open green spaces to form a
green infrastructure network, applying the concepts of low-impact developments
like SCD. Another study conducted in Stockholm incorporated space syntax
with ArcGIS, open street maps, location of amenities from the local council and
hydrological data measurements of river flow from the Swedish Metrological and
Hydrological Institute (Abshirini, Kock and Legeby, 2017).

PL:IiI(A\.:\:’]‘II::-{NFEI:I‘{SUF?gAD POPULATION STUDY & HAZARD COMMUNITY EXPERIENTIAL
ENHANCEMENT MAP PREFERENCE
EFFECT OF CONNECTIVITY FROM SHELTERING CAPACITY & FLOOD RO‘?‘ADCEEIE;EFI:IECNECCE);’PFIL?:N\E(;‘E&IDAND
INTEGRATION OF ROADS INUNDATION AREAS BENDS
INTEGRATED ENHANCEMENT OF EVACUATION ROUTES

Figure 6. Integrated enhancement of evacuation routes
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The conftributions of space syntax in disaster risk reduction were divided into three
main themes (as shown in Figure 6). The most prominent contributions were to
ascertain evacuation routes before and after floods, conduct damage diagnostic,
resilience measurement and integration of key nodes for refuge areas and
amenities. The understanding of community, physical and hydrological factors of a
place was the key repeating parameter.

CONCLUSIONS

This study delved info the critical concept of urban resilience concerning climate
change and flood issues viewed through the lens of ESG principles. Urban resilience
is defined as a city’'s capacity to endure and adapt to various challenges, with
a parficular emphasis on climate-related risks like flooding. By incorporating ESG
considerations, cifies can develop holistic strategies that address environmental
sustainability, social equity and effective governance. Environmental aspects
involve implementing green infrastructure solutions to mitigate flood risks while
enhancing biodiversity. Social resilience requires inclusive approaches that prioritise
vulnerable communities and invest in social infrastructure. Governance principles
ensure fransparent, accountable and ethically driven decision-making processes,
essential for effective resilience planning.

In short, adopting an ESG perspective on urban resilience for climate change
and flood issues underscores the inferconnectedness of environmental, social and
governance considerations. By integrating these principles into resilience planning
and implementation, cities can build more sustainably and communities can be
more equitable to better equipped to withstand and adapt to the challenges
of flood disasters. The study concluded with case studies on urban design with
an infegrated approach, considering all three ESG dimensions simultaneously,
offering the integrated path forward, fostering sustainable and equitable urban
environments prepared fo face the challenges of climate change and flooding.
Through case studies and examples, the current study illustrated successful urban
resilience initiatives that embody ESG principles and underscored the importance
of adopting such perspectives in resilience planning for cities worldwide. The key
concepts for urban resilience are identified as inclusivity, resourcefulness and
technology.
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