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1. Introduction

1.1 Background of Urban Planning and Flood Risks

Historically, human settlements have often gravitated
towards water sources, primarily for the essential benefits
they provide—Ilife sustenance, trade, and transportation.
However, this proximity to water bodies also brought with
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This review delves deep into the intricate relationship between urban
planning and flood risk management, tracing its historical trajectory and
the evolution of methodologies over time. Traditionally, urban centers
prioritized defensive measures, like dikes and levees, with an emphasis
on immediate solutions over long-term resilience. These practices, though
effective in the short term, often overlooked broader environmental
implications and the necessity for holistic planning. However, as urban
areas burgeoned and climate change introduced new challenges, there has
been a marked shift in approach. Modern urban planning now emphasizes
integrated blue-green infrastructure, aiming to harmonize human habitation
with water cycles. Resilience has become the cornerstone, ensuring
cities can adapt to and swiftly recover from flooding events. Through
meticulous spatial planning, land use regulations, and the integration of
green infrastructure, urban planning has transformed cities into sustainable
habitats. Yet, challenges abound, from rapid urbanization to socio-economic
disparities that amplify vulnerabilities. Drawing lessons from successful
strategies adopted in cities like Rotterdam, Singapore, and Portland, this
review underscores the imperative of innovative thinking, community
engagement, and adaptability. In conclusion, effective urban planning can
indeed metamorphose flood challenges into opportunities for resilience,
sustainability, and improved quality of life.

it the looming risk of flooding. Over the centuries, as ur-
ban areas expanded and grew more intricate, so did their
vulnerability to flood risks. As mentioned in the provided
text, early cities, particularly those near water bodies or
flood plains, frequently adopted a reactive stance towards
flooding, largely emphasizing immediate defenses like
dikes, levees, and sea walls. However, these quick fixes,
while occasionally effective in the short term, rarely ad-
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dressed the more intricate and long-term challenges posed
by urban flooding .

1.2 Importance of Managing Flood Risks in Urban
Areas

The adverse effects of flooding in urban areas cannot
be overstated. Beyond the immediate physical damages,
floods can lead to substantial economic losses, displace
residents, disrupt communities, and pose severe public
health risks. Furthermore, the intersection of rapid urbani-
zation, climate change, and unpredictable weather patterns
amplifies these threats. Cities, with their dense populations
and intricate infrastructures, can ill-afford to ignore these
challenges. More than just a response to an immediate
threat, effective flood risk management has now become a
cornerstone of sustainable urban development ™.

1.3 Aim and Scope of the Review

This review delves into the evolving relationship be-
tween urban planning and flood risk management. Starting
with a historical perspective, the text offers insights into
past practices and their implications. As urban landscapes
have become more complex, so have the strategies em-
ployed to navigate the challenges they face. We trace the
evolution of urban planning approaches towards flood
management, from primarily reactive strategies to more
holistic, proactive, and integrated ones. Emphasis is given
to the vital role of spatial planning, land-use regulations,
and the integration of green infrastructure in present-day
urban flood risk management. Furthermore, through vari-
ous case studies, we highlight successful global strategies,
offering tangible lessons for cities aiming to enhance their
flood resilience. The review underscores the multifaceted
role of urban planning in navigating flood risks, and advo-
cating for innovative, inclusive, and sustainable approach-
es.

2. Methodology

This study employed a systematic literature review to
explore the dynamic relationship between urban planning
and flood risk management, adhering to international re-
search standards. A diverse range of reputable academic
sources, including historical records, case studies, and
contemporary research articles from academic databases
and journals, was carefully selected to ensure a compre-
hensive analysis. An in-depth analysis of these sources
revealed historical urban planning practices for flood risk
management, followed by contemporary approaches. Crit-
ical insights, patterns, and emerging themes were extract-
ed. Information was synthesized to construct a coherent

narrative that illustrates the progression of urban planning
strategies in response to flood risks, highlighting limita-
tions and the shift towards proactive, sustainable methods.
Examination of successful case studies from cities like
Rotterdam, Singapore, and Portland provided practical
examples of innovative urban planning strategies, contrib-
uting to global best practices.

3. Historical Perspective

Urban planning and its intertwined relationship with
flood risk management have seen significant evolution
over the past few centuries. Historically, settlements grew
around water sources due to their vital importance to life,
trade, and transport. While this facilitated growth and de-
velopment, it also exposed many urban areas to flood risks.

Historically, the way cities and towns approached flood
threats was largely reactive, prioritizing immediate solu-
tions over long-term strategies. The frequent and often
devastating encounters with floods led urban centers to
adopt defensive measures that chiefly involved the crea-
tion of physical barriers.

Dikes, levees, and sea walls became common archi-
tectural additions to cities, especially those situated near
water bodies or flood plains "". These structures, primar-
ily made of earth, stones, or concrete, were strategically
erected to obstruct or redirect the flow of floodwaters.
While such barriers proved effective in the short term,
they merely offered a temporary respite, without address-
ing the root causes of frequent flooding.

The spontaneity of urban growth during earlier times
further complicated matters. The allure of water bodies—
for commerce, transportation, and sustenance—often
overshadowed the risks they posed. Consequently, cities
expanded rapidly, encroaching upon flood-prone zones
without thorough risk assessment or foresight. The need
to address immediate housing and infrastructure demands
often took precedence over the implications of situating
developments in areas vulnerable to floods. This ad hoc
approach to urban development meant that large sections
of cities were left exposed to flood risks, leading to recur-
rent and often catastrophic flood events .

Furthermore, another widely adopted flood manage-
ment strategy was channelization. This involved alter-
ing river channels—either by deepening, widening, or
straightening them—to better control water flow and
minimize overflows during heavy rainfall or snowmelt.
The rationale behind this approach was simple: if rivers
could be made to carry more water and direct it efficiently
towards the sea or larger water bodies, flooding could be
reduced.

However, while channelization did address some of the
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immediate flooding concerns, it was not without its set of
problems. Rivers, in their natural state, provide habitats
for diverse aquatic and terrestrial species. Modifying river
channels, often quite drastically, disrupted these habitats,
leading to significant environmental repercussions. Habi-
tats got fragmented or lost altogether, severely impacting
species that depended on these ecosystems. Additionally,
the biodiversity of rivers took a considerable hit, with
many aquatic species, especially those sensitive to chang-
es in their habitats, facing decline or even extinction. Such
a decline in river biodiversity also had cascading effects
on the larger ecosystem, impacting food chains and eco-
logical balance ©.

In essence, while these past practices were borne out
of an immediate need to address flood threats and demon-
strated some level of effectiveness, they often overlooked
long-term environmental implications and the necessity
for comprehensive urban planning.

4. Evolution and Current Trends

As urban areas expanded and populations grew, a shift
towards more holistic approaches began to emerge. Plan-
ners recognized that merely building defenses was insuf-
ficient, especially in the face of climate change and rising
sea levels .

The 21st century has witnessed a paradigm shift to-
wards “living with water” rather than merely defending
against it. Urban planning strategies now prioritize the
integration of blue-green infrastructure—utilizing nat-
ural and semi-natural systems to manage water, such
as wetlands, rain gardens, and permeable pavements .
These systems not only manage water but also offer eco-
logical, economic, and social benefits.

Moreover, the concept of resilience has become central
in urban planning for flood risk management. Rather than
just preventing flooding, modern urban planning aims to
create cities that can absorb, adapt to, and rapidly recover
from flood events ",

In conclusion, while urban planning’s approach to
flood risk management was once predominantly reactive,
focusing on physical defenses, it has now shifted towards
proactive, integrated, and resilient strategies, underpinned
by a deeper understanding of the complexities and chal-
lenges of urban development.

5. Role of Urban Planning in Managing Flood
Risks

Urban planning assumes a central role in addressing
the multifaceted challenges posed by flood risk manage-
ment. It employs a variety of strategic approaches aimed

at harmonizing sustainable development with the efficient
mitigation of flood risks.

Spatial Planning Strategies: The comprehensive scope
of spatial planning guides the development and organiza-
tion of urban spaces. In the context of flood risk manage-
ment, this involves a meticulous evaluation of topogra-
phies, hydrologies, and potential flood pathways. Spatial
strategies may encompass constraints on development
within flood-prone zones or mandates for flood-resistant
constructions. These measures serve to minimize potential
flood damages and establish safer evacuation routes dur-
ing emergencies .

Land Use Regulations and Zoning: Land use regula-
tions and zoning exert a substantial influence on the nature
and intensity of development within specific urban areas.
By categorizing zones for residential, commercial, agri-
cultural, and more, urban planners dictate where particular
types of development can occur. In the context of flood
management, these tools are harnessed to limit or control
development within flood-vulnerable areas, ensuring that
critical infrastructure and densely populated regions are
not situated in high-risk zones. Over time, these regula-
tions can be adapted to account for shifting flood patterns,
climate change impacts, and urban expansion .

Integration of Green Infrastructure: Green infrastruc-
ture encompasses a network of natural or semi-natural
systems offering diverse environmental benefits, including
flood management. Examples include wetlands that ab-
sorb excess water, urban forests that attenuate surface run-
off, and green roofs that reduce the volume of rainwater
entering drainage systems. By seamlessly incorporating
green infrastructure into urban settings, cities leverage the
innate capacity of these systems to mitigate floods while
simultaneously enjoying enhanced biodiversity, improved
air quality, and heightened aesthetic appeal '”.

Blue-Green Urbanism and its Benefits: The fusion of
blue (water-related) and green (vegetation-related) infra-
structures characterizes blue-green urbanism, advocating
for cities where natural water cycles and green spaces
are seamlessly interwoven into the urban fabric. This
approach yields a multitude of advantages, including en-
hanced flood resilience through the integration of natural
systems like ponds, rain gardens, and swales for water
storage and redirection. Moreover, it fosters biodiversity
by creating habitats for diverse flora and fauna, contrib-
utes to microclimate regulation by mitigating urban heat
islands through water and vegetation, and enhances rec-
reational spaces and aesthetic appeal, thereby promoting
improved mental well-being for residents """,

In summary, urban planning’s multifaceted role in
flood risk management encompasses legislative tools like
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zoning and design philosophies like blue-green urbanism.
When effectively employed, these tools have the potential
to transform cities into resilient, sustainable, and harmoni-
ous habitats "

6. Challenges in Urban Flood Risk Management

Managing flood risks in urban environments has
evolved into an intricate process influenced by a multitude
of factors. As cities continue to expand and the world
grapples with shifting climatic patterns '*), the challenges
associated with flood risk management have grown in-
creasingly pronounced and multifaceted.

The surge in urbanization "'* has precipitated signif-
icant land use changes, often without due consideration
for environmental sustainability. This transition from
permeable landscapes, such as forests and grasslands, to
impermeable surfaces like roads and buildings has eroded
the natural capacity of the land to absorb and redirect rain-
water. Consequently, the prevalence of flash floods has
surged due to rapid surface runoff, compounded by the
loss of natural wetlands that historically served as buffers
and absorbed excess water.

Climate change introduces heightened unpredictability
into weather patterns ", characterized by more frequent
and intense rainfall events, coupled with rising sea levels.
These climatic shifts pose amplified threats to coastal and
deltaic cities. The unpredictability renders it challenging
for urban planners to adequately prepare, as historical
flood data may no longer provide reliable predictors for
future events. Coping with these changes necessitates not
only advanced tools but also a fundamental shift in the ap-
proach to urban design, considering climate projections as
a fundamental consideration.

Socio-economic factors play a pivotal role in determin-
ing the vulnerability of communities to floods. Lower-in-
come populations often inhabit areas more susceptible to
flooding, either due to the affordability of the land or the
presence of informal settlements like slums. In these are-
as, inadequate infrastructure and services further heighten
the risks, and these populations may lack the resources
required for post-flood recovery. This perpetuates pro-
longed socio-economic hardships '*. Consequently, the
incorporation of social equity into flood risk management
emerges as a crucial yet challenging dimension of urban
planning.

In essence, the complexities entailed in urban flood risk
management arise from a confluence of natural factors,
human-induced changes, and socio-economic structures.

Effectively addressing these multifaceted challenges
necessitates the adoption of a holistic, integrated, and
adaptive approach that transcends traditional disciplinary
boundaries.

7. Case Studies: Urban Planning and Flood
Risk Management

Across the globe, several cities have grappled with
the challenges of flooding, and through innovative urban
planning, some have managed to significantly mitigate
these risks. Here are some compelling case studies that il-
lustrate successful strategies and the lessons learned from
these endeavors.

7.1 Rotterdam, the Netherlands: Embracing Water

Rotterdam, lying mostly below sea level, has faced
numerous flood threats. To combat this, the city adopted a
comprehensive strategy titled “Rotterdam Climate Proof”
in 2013.

Successful Strategies:

. Water Squares: Multi-functional urban spaces de-
signed to collect rainwater during heavy rainfall, reducing
pressure on the sewage system (Figure 1).

. Floating Developments: Construction of floating
houses and greenhouses that adapt to rising water levels
(Figure 2).

Lessons Learned:

. Flexibility is paramount. Rather than fighting
against water, cities can find ways to live with it.

. Multi-functional designs, like the water squares,
not only address flooding but also enrich urban life ',

Figure 1. Water Squares.
Source: atelier GROENBLAUW "%
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Figure 2. Green roof.

Source: atelier GROENBLAUW "7,

7.2 Singapore: ABC Waters Programme

Singapore’s Active, Beautiful, Clean (ABC) Waters
Programme, initiated in 2006, is a testament to the na-
tion’s commitment to sustainable water management.
Successful Strategies:

. Urban Streams: Naturalizing concrete canals and
rivers to slow down water, improve biodiversity, and en-
hance aesthetics (Figure 3).

. Rooftop Greenery: Promoting the installation of
green roofs to reduce surface runoff.

Lessons Learned:

. Urban water management can be seamlessly in-
tegrated into the everyday lives of citizens, fostering own-
ership and appreciation of water resources (Figure 4).

. Public engagement is key to the successful im-
plementation and sustainability of such programs "*.

Figure 3. Urban streams.

Source: "1,

Figure 4. Kallang River at Bishan-Ang Mo Kio Park.

Source: ",

7.3 Portland, Oregon, USA: Green Streets Initiative

Portland has championed the integration of green infra-
structure into its urban fabric, particularly with its Green
Streets Initiative.

Successful Strategies:

. Bioswales: Landscaped elements that collect and
treat stormwater runoff from roads (Figure 5).

. Permeable Pavements: Surfaces that allow water
to percolate, reducing runoff and recharging groundwater
(Figure 6).

Lessons Learned:

. A combination of policy enforcement, public ed-
ucation, and community involvement ensures the success-
ful adoption of green infrastructure.

. Monitoring and continuous feedback help in refining
strategies and making them more efficient over time *”.

-

i

A

Figure 5. Green street planters.

Source: ?1,
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Figure 6. Permeable pavements.

Source: #'1,

In summary, these case studies underscore the impor-
tance of innovative thinking, community involvement,
and flexibility in urban planning. The key takeaway is that
cities can transform challenges into opportunities, leverag-
ing urban planning for enhanced resilience, sustainability,
and quality of life.

8. Case Studies Results

The case studies presented in this section provide val-
uable insights into the successful strategies and lessons
learned from innovative urban planning approaches in
dealing with flood risk management in different cities
around the world.

Rotterdam, The Netherlands: Embracing Water Rot-
terdam, a city located mostly below sea level, has faced
numerous flood threats over the years. In response, the
city implemented a comprehensive strategy known as the
“Rotterdam Climate Proof” initiative in 2013. The suc-
cessful strategies employed in Rotterdam include the crea-
tion of “Water Squares”, which are multi-functional urban
spaces designed to collect rainwater during heavy rainfall,
thereby reducing pressure on the sewage system. Another
innovative approach is the construction of “Floating De-
velopments”, such as floating houses and greenhouses,
that can adapt to rising water levels. These strategies have
demonstrated that flexibility is paramount in addressing
flood risks. Rather than attempting to fight against water,
cities can find ways to coexist with it. Multi-functional de-
signs, like the water squares, not only effectively address
flooding but also enhance the overall urban environment.

Singapore: ABC Waters Programme Singapore’s
“Active, Beautiful, Clean (ABC) Waters Programme”,
initiated in 2006, serves as a testament to the nation’s
commitment to sustainable water management. Successful
strategies within this program include the naturalization of

“Urban Streams”, which involves converting concrete ca-
nals and rivers into more naturalized forms to slow down
water flow, improve biodiversity, and enhance aesthetics.
Additionally, the promotion of “Rooftop Greenery” has
been effective in reducing surface runoff. Lessons learned
from Singapore’s experience highlight the seamless in-
tegration of urban water management into the everyday
lives of citizens, fostering a sense of ownership and appre-
ciation for water resources. Public engagement has proven
to be a key factor in the successful implementation and
long-term sustainability of such programs.

Portland, Oregon, USA: Green Streets Initiative Port-
land has been a pioneer in the integration of green infra-
structure into its urban fabric, particularly through the
“Green Streets Initiative”. Successful strategies within
this initiative include the implementation of “Bioswales”,
which are landscaped elements designed to collect and
treat stormwater runoff from roads. Additionally, “Perme-
able Pavements” have been used to create surfaces that
allow water to percolate, reducing runoff and recharging
groundwater. Lessons learned from Portland emphasize
the importance of a combination of policy enforcement,
public education, and community involvement in ensuring
the successful adoption of green infrastructure. Monitor-
ing and continuous feedback mechanisms have played a
crucial role in refining strategies and making them more
efficient over time.

In summary, these case studies underscore the signif-
icance of innovative thinking, community engagement,
and flexibility in urban planning approaches for flood risk
management. The key takeaway is that cities have the po-
tential to transform flood-related challenges into opportu-
nities by leveraging urban planning to enhance resilience,
sustainability, and overall quality of life.

9. Discussion

The review presented in this research paper offers
valuable insights into the intricate relationship between
urban planning and flood risk management. It traces the
historical trajectory of this relationship and the evolution
of methodologies over time. Traditionally, urban centers
primarily relied on reactive measures, such as dikes and
levees, to deal with flood risks, with a focus on short-term
solutions over long-term resilience. However, as cities
expanded and faced new challenges due to climate change
and rapid urbanization, there has been a significant shift in
the approach to urban planning.

Modern urban planning now emphasizes integrated
blue-green infrastructure, aiming to harmonize human
habitation with water cycles. Resilience has become a
cornerstone, ensuring that cities can adapt to and recover
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swiftly from flooding events. Through meticulous spa-
tial planning, land use regulations, and the integration of
green infrastructure, urban planning has transformed cities
into sustainable habitats. Nevertheless, various challenges
persist, including rapid urbanization and socio-economic
disparities that amplify vulnerabilities.

Drawing lessons from successful strategies adopted in
cities like Rotterdam, Singapore, and Portland, this review
highlights the importance of innovative thinking, commu-
nity engagement, and adaptability. In conclusion, effective
urban planning can indeed transform flood challenges into
opportunities for resilience, sustainability, and improved
quality of life.

This research underscores the critical role of urban
planning in addressing the complex and multifaceted chal-
lenges posed by urban flood risk management. It discuss-
es the strategies employed by urban planners, including
spatial planning, land use regulations, and the integration
of green infrastructure. These strategies are essential for
minimizing potential flood damages and establishing safer
evacuation routes during emergencies.

However, urban flood risk management faces several
challenges, including rapid urbanization, climate change,
and socio-economic factors that influence the vulnerabili-
ty of communities. These challenges require a holistic, in-
tegrated, and adaptive approach that transcends traditional
disciplinary boundaries.

The case studies presented in the paper provide val-
uable insights into successful urban planning strategies
in cities like Rotterdam, Singapore, and Portland. These
cities have demonstrated that innovative approaches, com-
munity involvement, and flexibility are key to enhancing
flood resilience, sustainability, and the overall quality of
life in urban areas.

In summary, this research highlights the evolving role
of urban planning in managing flood risks and emphasizes
the need for comprehensive and forward-thinking strat-
egies to address the complex challenges faced by urban
areas in a changing world.

10. Recommendations for Future Development:
Urban Planning and Flood Risk Management

Addressing the challenges posed by urban flooding
necessitates a forward-thinking, integrative approach to
urban planning. Drawing from global best practices and
latest research, the following recommendations are pro-
posed:

10.1 Adopting Resilient Urban Design Strategies

Blue-Green Infrastructure: Merging water management

with green spaces can reduce surface runoff and enhance
urban biodiversity. Examples include rain gardens, green
roofs, and permeable pavements '),

Elevated Constructions: Raising infrastructure above
potential flood levels, using stilts or platforms, can miti-
gate flood damage.

Urban Sponge Concept: Designing the city to absorb,
clean, and reuse rainwater, much like a sponge, can great-
ly minimize flooding risks.

10.2 Foster Community Involvement and Multi-
disciplinary Collaboration

Participatory Planning: Involve communities in de-
cision-making processes, ensuring that local needs and
knowledge inform planning strategies .

Collaborative Platforms: Establish platforms where
urban planners, hydrologists, ecologists, and community
leaders can collaborate, ensuring a holistic approach to

urban flood management.

10.3 Prioritize Sustainable and Long-term Solutions

Adaptive Planning: Given the uncertainties of climate
change, urban plans should be flexible, allowing for ad-
justments based on changing scenarios and new data **/,

Ecosystem-based Solutions: Prioritize solutions that
not only address flooding but also support biodiversity, air
quality, and recreation. Such approaches often prove to be
both cost-effective and sustainable in the long run.

Continuous Monitoring and Feedback: Leverage tech-
nology for real-time monitoring of urban water systems.
Data-driven insights can inform adjustments to strategies,
ensuring they remain effective over time.

In conclusion, the evolving nature of flood risks, ex-
acerbated by urbanization and climate change, demands
adaptive and integrative solutions. By emphasizing resil-
ience, community involvement, and sustainability, urban
areas can transform these challenges into opportunities,
creating livable, resilient, and vibrant cities for future gen-
erations.

Conflict of Interest

There is no conflict of interest.

References

[1] Mariano, C., Marino, M., 2022. Urban planning for
climate change: A toolkit of actions for an integrated
strategy of adaptation to heavy rains, river floods,
and sea level rise. Urban Science. 6(3), 63.

DOI: https://doi.org/10.3390/urbansci6030063
[2] Feng, B., Zhang, Y., Bourke, R., 2021. Urbanization


https://doi.org/10.3390/urbansci6030063

Urban Planning and Construction | Volume 01 | Issue 01 | November 2023

impacts on flood risks based on urban growth data
and coupled flood models. Natural Hazards. 106,
613-627.
DOI: https://doi.org/10.1007/s11069-020-04480-0

[3] Hanson, S., Nicholls, R., Ranger, N., et al., 2011. A
global ranking of port cities with high exposure to
climate extremes. Climatic Change. 104, 89-111.
DOI: https://doi.org/10.1007/s10584-010-9977-4

[4] Yulia, Y., Arlianda, R., 2020. Climate resilience and
policy transfer in Semarang City, Indonesia. Elec-
tronic Journal of Studies in the Tropics. 19(2), 143-
171.
DOI: https://doi.org/10.25120/etropic.19.2.2020.3767

[5] Ciszewski, D., Grygar, T.M., 2016. A review of
flood-related storage and remobilization of heavy
metal pollutants in river systems. Water, Air, & Soil
Pollution. 227, 1-19.
DOI: https://doi.org/10.1007/s11270-016-2934-8

[6] O’Donnell, E., Thorne, C., 2020. Urban flood risk
management: The blue—green advantage. Blue-green
cities: Integrating urban flood risk management with
green infrastructure. Ice Publishing: London. pp.
1-13.
DOI: https://doi.org/10.1680/bgc.64195.001

[7] White, R.K., Edwards, W.C., Farrar, A., et al., 2015.
A practical approach to building resilience in Amer-
ica’s communities. American Behavioral Scientist.
59(2), 200-219.
DOI: https://doi.org/10.1177/0002764214550296

[8] Kong, L., Mu, X., Hu, G., et al., 2022. The applica-
tion of resilience theory in urban development: A lit-
erature review. Environmental Science and Pollution
Research. 29(33), 49651-49671.
DOI: https://doi.org/10.1007/s11356-022-20891-x

[9] Gao, M., Wang, Z., Yang, H., 2022. Review of urban
flood resilience: Insights from scientometric and
systematic analysis. International Journal of Environ-
mental Research and Public Health. 19(14), 8837.
DOI: https://doi.org/10.3390/ijerph 19148837

[10] Sturiale, L., Scuderi, A., 2019. The role of green
infrastructures in urban planning for climate change
adaptation. Climate. 7(10), 119.
DOI: https://doi.org/10.3390/cli7100119

[11] Puchol-Salort, P., O’Keeffe, J., van Reeuwijk, M.,
et al., 2021. An urban planning sustainability frame-
work: Systems approach to blue green urban design.
Sustainable Cities and Society. 66, 102677.
DOI: https://doi.org/10.1016/j.5¢s.2020.102677

[12] Ghali, H.M., Azzubaidi, R.Z., 2021. Managing the
flood waves from Hemrin Dam. Journal of Engineer-
ing. 27(7), 42-52.

DOI: https://doi.org/10.31026/j.eng.2021.07.04

[13] Mohy, H.M., Abed, B.S., 2020. Design of expert sys-
tem for managing the system of AthTharthar Lake.
Journal of Engineering. 26(1), 142-159.

DOI: https://doi.org/10.31026/j.eng.2020.01.11

[14] Yin, J., Yu, D., Yin, Z., et al., 2015. Modelling the an-
thropogenic impacts on fluvial flood risks in a coastal
mega-city: A scenario-based case study in Shanghai,
China. Landscape and Urban Planning. 136, 144-
155.

DOI: https://doi.org/10.1016/j.landurbplan.2014.12.009

[15] Allaire, M., 2018. Socio-economic impacts of flood-
ing: A review of the empirical literature. Water Secu-
rity. 3, 18-26.

DOI: https://doi.org/10.1016/j.wasec.2018.09.002

[16] ‘Water Square’ in Benthemplein [Internet]. [cited
2023 Oct 11]. Available from: https://www.public-
space.org/

[17] Urban Green Blue Grids [Internet]. [cited 2023 Oct
11]. Available from: https://www.urbangreenblue-
grids.com/uploads/Groothandelsgebouwl Amar-
Sjauw-En-Wav2-944x630.jpg

[18] Liao, K.H., 2019. The socio-ecological practice of
building blue-green infrastructure in high-density
cities: What does the ABC Waters Program in Sin-
gapore tell us?. Socio-Ecological Practice Research.
1(1), 67-81.

DOI: https://doi.org/10.1007/s42532-019-00009-3

[19] PUB. Singapore’s National Water Agency [Internet].
[cited 2023 Oct 11]. Available from: https://www.
pub.gov.sg/abcwaters

[20] Bertilsson, L., Wiklund, K., de Moura Tebaldi, I.,
et al., 2019. Urban flood resilience—A multi-criteria
index to integrate flood resilience into urban plan-
ning. Journal of Hydrology. 573, 970-982.

DOI: https://doi.org/10.1016/j.jhydrol.2018.06.052

[21] City of Portland, Oregon [Internet]. [cited 2023 Oct
11]. Available from: https://www.portland.gov/

[22] Zia, A., Rana, I.A., Arshad, H.S.H., et al., 2023.
Monsoon flood risks in urban areas of Pakistan: A
way forward for risk reduction and adaptation plan-
ning. Journal of Environmental Management. 336,
117652.

DOI: https://doi.org/10.1016/j.jenvman.2023.117652


https://doi.org/10.1007/s11069-020-04480-0
https://doi.org/10.1007/s10584-010-9977-4
https://doi.org/10.25120/etropic.19.2.2020.3767
https://doi.org/10.1007/s11270-016-2934-8
https://doi.org/10.1680/bgc.64195.001
https://doi.org/10.1177/0002764214550296
https://doi.org/10.1007/s11356-022-20891-x
https://doi.org/10.3390/ijerph19148837
https://doi.org/10.3390/cli7100119
https://doi.org/10.1016/j.scs.2020.102677
https://doi.org/10.31026/j.eng.2021.07.04
https://doi.org/10.31026/j.eng.2020.01.11
https://doi.org/10.1016/j.landurbplan.2014.12.009
https://doi.org/10.1016/j.wasec.2018.09.002
https://www.publicspace.org/
https://www.publicspace.org/
https://www.urbangreenbluegrids.com/uploads/Groothandelsgebouw1_Amar-Sjauw-En-Wav2-944x630.jpg
https://www.urbangreenbluegrids.com/uploads/Groothandelsgebouw1_Amar-Sjauw-En-Wav2-944x630.jpg
https://www.urbangreenbluegrids.com/uploads/Groothandelsgebouw1_Amar-Sjauw-En-Wav2-944x630.jpg
https://doi.org/10.1007/s42532-019-00009-3
https://www.pub.gov.sg/abcwaters
https://www.pub.gov.sg/abcwaters
https://doi.org/10.1016/j.jhydrol.2018.06.052
https://www.portland.gov/
https://doi.org/10.1016/j.jenvman.2023.117652

