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ABSTRACT

This study systematically reviews and synthesizes existing literature on the vulnerability of Davao City’s road network
to flooding and related environmental hazards. Urban flooding, driven by climate change and rapid urbanization, poses
significant risks to road infrastructure, with potential disruptions to mobility, economic activity, and emergency
responses. The review employs the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
framework to identify, screen, and evaluate relevant studies. Key factors influencing road infrastructure vulnerability,
including urbanization, topography, climate change, and environmental data, are explored through a GIS-based
approach. Additionally, the study assesses resilience strategies employed in similar urban settings to mitigate flooding
risks. Findings from the review offer insights into the complexities urban road networks face and propose best practices
for enhancing resilience in flood-prone areas like Davao City.

Keywords: Urban flooding, road network vulnerability, Davao City, climate change, urbanization, GIS-based
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1. INTRODUCTION

Urban flooding has emerged as a pressing global issue, with cities increasingly grappling with the impacts of climate
change and rapid urbanization. Infrastructure vulnerabilities are becoming more pronounced as populations and urban
landscapes evolve, particularly evident in cities where road networks—essential for transportation and economic
stability—are at risk. According to the World Bank (2021), cities in developing countries face heightened vulnerability
to flooding due to inadequate infrastructure, insufficient drainage systems, and limited disaster preparedness measures.
Davao City, one of the fastest-growing urban centers in the Philippines, compounded by the increasing frequency and
intensity of flooding, has not kept pace with population growth (World Bank, 2021). However, the vulnerability of
Davao City’s road infrastructure is not limited to flooding alone but extends to other environmental stressors such as
landslides, earthquakes, and extreme weather events, which are becoming more frequent due to climate change.
Assessing the vulnerability of road networks to environmental risks is crucial for disaster preparedness and resilience
planning. Road closures due to natural disasters like flooding can severely impact mobility, economic activity, and
emergency responses, disrupting access to essential services and affecting daily life. This study seeks to systematically
evaluate the vulnerability of Davao City’s road network by systematically reviewing the literature on the use of
Geographic Information Systems (GIS) in vulnerability assessments, addressing various environmental stressors that
affect road networks. The review will analyze existing research employing GIS-based spatial analysis, overlay and
buffer techniques, and risk assessment models. It will focus on various factors influencing road infrastructure
vulnerability and resilience, including but not limited to flooding, topographical features, land use patterns, and the
effects of climate change. By synthesizing findings from diverse studies, this review will provide a broader
understanding of the complexities urban road networks face, particularly in regions like Davao City, which are
vulnerable to multiple environmental challenges. This systematic review will utilize the PICO framework (Population,
Intervention, Comparison, and Outcome) to ensure the research focuses on urban road networks (Population),
vulnerability assessments (Intervention), geographic and topographic variability (Comparison), and resilience strategies
(Outcome) (Huang et al., 2006). Additionally, the study will be guided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework to ensure a rigorous and transparent review process, including
literature selection, screening, and synthesis (Page et al., 2021). Through this systematic review, the study aims to
synthesize findings from previous research to provide valuable insights into the risks faced by road networks in urban
areas. It will also identify best practices, methodologies, and strategies for enhancing road network resilience in Davao
City based on existing knowledge from similar urban settings. Accordingly, this study's key research questions (KRQs)
are: RQL.) What are the factors influencing the vulnerability of road infrastructure in urban settings, particularly in
flood-prone areas like Davao City? RQ2.) How do historical environmental data, urbanization trends, and topographic
features contribute to the vulnerability of road networks in cities like Davao? RQ3.) What resilience strategies and
methodologies have been proposed or implemented in similar urban settings to mitigate the impact of environmental
risks on road infrastructure?
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2. METHODOLOGY

Design. This study systematically reviews and synthesizes existing literature to assess the vulnerabilities of Davao City’s
road network to flooding and other related hazards. The study follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines to ensure that the review process is transparent and rigorous (Page
et al., 2021; Shamseer et al., 2015). PRISMA provides a clear framework that helps explain why the review was done,
the methodology used, and what was found. This process includes four key stages: Identification, Screening, Eligibility,
and Inclusion, each of which is critical to ensuring the quality and relevance of the studies included in the review.

In the Identification phase, we used the PICO framework (Population, Intervention, Comparison, Outcome) to
develop relevant keywords for searching studies across various databases and search engines. PICO allowed us to focus
on studies that address urban road networks, vulnerability assessments, GI1S-based spatial analysis, resilience strategies,
and flood risk mitigation in urban flood-prone areas. The keywords derived from this framework were used to gather a
broad pool of studies across various sources without restricting the study location or database at this stage. This approach
ensured that the initial search captured a comprehensive range of studies related to the topic. At this point, studies were
considered based on their relevance to the research questions rather than their specific database or source.

After 1839 studies were identified, the Screening phase involved removing duplicates and evaluating the remaining
studies based on their titles and abstracts. This step was crucial to ensure the studies were directly relevant to the key
research questions. After the removal of duplications, 709 studies were left. The studies were screened for their relevance
to at least one of the following aspects: (1) factors influencing the vulnerability of road infrastructure in urban flood-
prone areas, (2) contributions of environmental data, urbanization trends, or topographic features to road network
vulnerability, and (3) resilience strategies to mitigate the impact of environmental risks on road infrastructure. This
process helped ensure that only studies directly aligned with the review's objectives were considered for further
evaluation (Liberati et al., 2009). This step left the researcher with 591 studies. For the record, no existing systematic
literature reviews have been conducted yet following the researcher's objectives.

In the Eligibility phase, studies were evaluated based on four key criteria. First, studies needed to provide either empirical
data or conceptual frameworks, offering empirical evidence (quantitative or qualitative) or theoretical insights into urban
infrastructure resilience or vulnerability. This ensured that only studies with robust, credible findings contributed to the
review (Dixon et al., 2020). Second, the study must be published within the last 1015 years, ensuring that the findings
are relevant to current urbanization trends and climate change challenges (Srinivasan et al., 2019). Third, the study had
to focus on regions with characteristics similar to Davao City or other urban flood-prone areas, such as tropical climates
and high urbanization. This geographical relevance was crucial to ensuring that the findings could be directly applied to
the context of Davao (Ezzati et al., 2020). Lastly, the study had to employ reliable methodologies, such as GIS-
based analysis, vulnerability mapping, or multi-criteria decision-making models, ensuring that the methodologies
were sound and replicable (Sadig et al., 2021). After going through the eligibility criteria screening, the researcher was
left with 99 studies.

The Inclusion phase was the final step, where studies that met all eligibility criteria were included in the review. Only
studies with available full texts published in peer-reviewed journals were considered for inclusion, ensuring that the
studies were of high academic quality (Higgins & Thomas, 2021). The researcher is left with 36 studies. The researcher
conducted an organized, systematic, and comprehensive search on five (5) online databases: Scopus, Google Scholar
(search engine), JSTOR, Semantic Scholar, and WorldCat. Scopus, Google Scholar (search engine), JSTOR, Semantic
Scholar, and WorldCat are well-established, reliable platforms for accessing academic literature.

Table 1, Distribution of Studies in Peer-Reviewed Journals and Databases
Source number
Scopus 4
JSTOR 1
Google Scholar 36
Semantic Scholar 36
WaorldCat 28

These databases primarily index peer-reviewed journals, conference proceedings, books, and other scholarly materials.
They are widely recognized in academic and research communities for providing access to high-quality, credible
content. Studies that did not meet these criteria, such as those without accessible full texts or those found in non-peer-
reviewed sources, were excluded. This step ensures that only high-quality, credible studies inform the findings of this
review. Out of the 36 studies
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that passed the eligibility criteria, four (4) can be found in Scopus, one (1) in JSTOR, and 28 can be found in WorldCat.
All of these studies can be found in Semantic Scholar and Google Scholar (see Appendix 1).

Identification of Studies from Databases and Search Engine
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Figure 1. Contextualized PRISMA Model Used in the Study

By following these systematic and rigorous processes, this study ensures that only the most relevant, recent, and
methodologically sound literature contributes to synthesizing best practices for enhancing road network resilience in
flood-prone urban areas like Davao City. This approach, underpinned by established systematic review methods,
provides a clear framework for addressing the research questions and generating actionable insights.

3. RESULTS AND DISCUSSION

Factors Influencing Vulnerability of Road Infrastructure in Urban Settings, Particularly in Flood-Prone
Areas Like Davao City

The vulnerability of road infrastructure in urban flood-prone areas, such as Davao City, is influenced by a complex
interaction of environmental, urbanization, and topographic factors, each supported by specific literature findings:

Urbanization and Land Use. The rapid and poorly managed urban expansion, particularly into flood-prone zones,
significantly exacerbates the vulnerability of road infrastructure. “The urbanization of natural basins causes an alteration
of their corresponding hydrological processes, leading to more rapid flooding and more severe consequences, including
a lack of sustainable urban rainwater management systems” (Cacciuttolo et al., 2023). “Unregulated urbanization in
flood-prone areas increases the risk of

flooding by reducing natural flood buffers like green spaces and wetlands” (Korah & Cobbinah, 2016). This reflects
how urban expansion in Davao City, particularly into flood-prone areas, reduces the capacity of natural systems to
manage floodwater, increasing infrastructure vulnerability. As noted by the World Bank (2021), cities in developing
countries face heightened vulnerability to flooding due to inadequate infrastructure, insufficient drainage systems, and
limited disaster preparedness measures.

Climate Change and Weather Extremes. One of the major contributors to the vulnerability of road infrastructure in
flood-prone cities is climate change, which is expected to intensify rainfall patterns. “Urban growth and increased
impervious surfaces exacerbate flooding risks, requiring innovative solutions such as permeable pavement and improved
stormwater management to mitigate these risks” (Cacciuttolo et al., 2023). “The interaction between urbanization and
climate change accelerates the frequency and severity of flood events in urban areas, with significant consequences for
infrastructure and public services” (Sakib et al., 2023). These findings emphasize the growing challenge faced by cities
like Davao, which must adapt to increasingly extreme weather events that stress existing infrastructure. According to
the National Economic and Development Authority (NEDA, 2021), reports indicate that climate change is causing more
frequent and intense rainfall events, amplifying the strain on urban infrastructure, particularly in cities like Davao.

@International Journal Of Progressive Research In Engineering Management And Science Page | 1194



INTERNATIONAL JOURNAL OF PROGRESSIVE e-1SSN :

[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
AND SCIENCE (IJPREMS) Impact
WWW.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 04, Issue 12, Decembaer 2024, pp : 1120-1229 7.001

Topography and Drainage. Topography plays a pivotal role in determining the vulnerability of road infrastructure to
flooding, particularly in areas with steep slopes or proximity to water bodies.

“The use of permeable interlocking concrete pavement (PICP) proves to be a sustainable and feasible alternative for
reducing urban flooding and adapting to climate change by improving stormwater management” (Cacciuttolo et al.,
2023). “In areas with poorly managed drainage systems, steep topographical features significantly increase the
vulnerability of urban infrastructure to flooding and damage during extreme weather events” (Korah & Cobbinah, 2016).
Such solutions are particularly relevant in cities like Davao, where steep topography and inadequate drainage systems
significantly contribute to flooding and road damage during heavy rainfall events. Additionally, Davao City's diverse
topography, which includes coastal and low-lying areas as well as mountainous regions, compounds the vulnerability
of road networks to various environmental stressors.

Contribution of Historical Environmental Data, Urbanization Trends, and Topographic Features to Road
Network Vulnerability in Cities Like Davao

The contribution of historical environmental data, urbanization trends, and topographic features to road network
vulnerability in cities such as Davao can be summarized through specific findings from studies on climate projections,
urban expansion, and geographic conditions:

Environmental Data and Climate Projections. “Urban flooding, exacerbated by climate change, directly affects users
within residential, commercial, and industrial areas, demanding new solutions to adapt to the changing climate”
(Cacciuttolo et al., 2023). This emphasizes the pressing need for innovative solutions that can mitigate the growing risks
of urban flooding in Davao City. “Urbanization and changes in land cover are significantly altering hydrological
processes, resulting in more rapid runoff and greater flood risks for urban infrastructure” (Gnecco et al., 2024).
Urbanization Trends. “Sustainable urban drainage systems (SUDS), including permeable pavements, are key to
managing the increased stormwater runoff caused by urbanization and climate change” (Cacciuttolo et al., 2023). This
particularly applies to Davao, where rapid urbanization has led to the loss of natural drainage systems, exacerbating
flood risks. “As urbanization continues, it is critical to incorporate resilient infrastructure solutions, such as green
spaces and SUDS, to reduce flooding risks”

(Rezvani et al., 2024). This is a key consideration for Davao, where urban growth has significantly reduced natural flood
buffers.

Topography and Drainage Systems. As evidenced in Davao (Cabrera & Han Soo Lee, 2019), topographic features
such as elevation and proximity to water bodies influence flood risks.

“The improper management of land and water resources has significantly contributed to high erosion rates, deforestation,
and urban flooding, exacerbating the challenges posed by climate change” (Luo, 2023). This highlights how poor
management of urban growth and land use in Davao City has led to greater flood risks, further stressing the importance
of integrated flood management strategies.

Socioeconomic Impacts of Road Vulnerability in Davao City

While this study focuses on technical and environmental factors, it is essential to acknowledge the socioeconomic
consequences of compromised road infrastructure. In many urban areas, flooding disrupts mobility, economic activities,
and access to essential services, leading to significant social and economic costs.

“The exceedance of stormwater management capacity in cities due to the growth and waterproofing of soils causes urban
flooding, directly affecting users within residential, commercial, and industrial areas” (Cacciuttolo et al., 2023). This
situation applies to Davao, where flood disruptions affect both daily commuting and local businesses, making road
resilience essential for economic stability. “The lack of resilient infrastructure and flood management systems
undermines economic activity, especially in urban centers vulnerable to climate change” (Molina et al., 2022).

Community Engagement and Resilience Building in Urban Flood Management

Effective flood resilience strategies also involve community engagement and local knowledge integration. “Resilience
focuses on designing for the unpredictable, while sustainability emphasizes responsive designs that are efficient and
optimized for future conditions” (Luo, 2023).

In Davao City, involving communities in resilience-building activities, such as disaster preparedness workshops, local
flood mapping, and early warning systems, could enhance public awareness and readiness. “Implementing stormwater
management systems not only reduces flooding risks but also offers significant ecosystem benefits, such as CO2 capture
and improved urban green spaces” (Cacciuttolo et al., 2023). “Resilient communities are better equipped to recover
from disasters and adapt to the impacts of climate change” (Miyamoto et al., 2022).
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Resilience Strategies and Methodologies to Mitigate Environmental Risks on Road Infrastructure in Similar
Urban Settings

To address the growing vulnerability of road infrastructure in flood-prone urban areas, including Davao City, various
resilience strategies have been proposed and successfully implemented in similar settings. These strategies focus on
engineering solutions, urban planning, and community-based initiatives.

Green Infrastructure. The importance of green infrastructure in enhancing urban resilience to flooding has been widely
acknowledged. “The application of new technologies in urban infrastructure, such as permeable paving systems, offers
an innovative approach to mitigating climate change impacts and improving urban drainage” (Cacciuttolo et al., 2023).
Implementing these technologies in Davao could provide a sustainable way to reduce urban flooding while also
benefiting the city’s green spaces.

“Green infrastructure, including vegetation and permeable materials, reduces surface runoff and improves water quality”
(Karabakan & Yelda, 2021).

Urban Planning and Risk Management. Proactive urban planning and flood risk management strategies are essential
for reducing the vulnerability of road infrastructure. “Sustainable urban drainage systems (SUDS), including permeable
pavements, are key to managing the increased stormwater runoff caused by urbanization and climate change”
(Cacciuttolo et al., 2023). In Davao, these solutions could help reduce flooding, especially in newly developed urban
areas. “Coordinated planning efforts, involving local communities and stakeholders, are essential for building resilience
to flood risks” (Miyamoto et al., 2022).

Engineering and Infrastructure Adaptation. Engineering solutions also play a crucial role in strengthening
infrastructure resilience. “Resilience in socio-ecological systems is synonymous with a region that is ecologically,
economically, and socially sustainable” (Luo, 2023). For Davao, engineering interventions, such as reinforcing road
surfaces and upgrading drainage systems, can significantly enhance the resilience of road networks against flood risks.
Proactive vs. Reactive Strategies. “Resilience focuses on designing for the unpredictable, while sustainability focuses
on responsive designs” (Luo, 2023). Davao City could benefit from adopting a proactive approach, particularly in
strengthening flood defense measures such as flood barriers, improved drainage, and better urban planning to anticipate
future flood risks.

4. STUDY FRAMEWORK

Topography
and Goography
Road Network
Vulnerability
Urbanization

Factors
Impact on Mobility Vulnerable Road Reslbence of Road
and Accessibility Segments Infastructure
5. CONCLUSION

The vulnerability of road infrastructure in flood-prone urban settings like Davao City is influenced by a combination of
environmental factors, urbanization trends, and topographic features. Historical environmental data and climate
projections, alongside urban expansion and inadequate drainage systems, are key contributors to flood risk. In response,
green infrastructure, urban planning strategies, and engineering solutions have proven effective in mitigating risks and
enhancing resilience. The findings from cities like Kumasi, Dhaka, and Bangladesh clearly show the importance of
integrated, proactive resilience strategies that combine urban planning, community engagement, and infrastructure
improvements to safeguard road networks from the growing threats of flooding and climate change. Additionally,
addressing the socioeconomic impacts and integrating community knowledge into resilience planning can further
strengthen flood resilience in Davao City.
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connectivity overhigh betweenness
time. The studyicentrality were
uses  hydraulicaffected, while
simulation  dataldisruptions from
to calculaterandomly selected
temporal  floodinodes caused  less
depths at roadsevere impacts. The
nodes and appliesjfindings suggest that
these depths tofpreserving key central
determine  thejnodes in  the road
functional statusinetwork is crucial for
of road sections.maintaining

Centrality connectivity during
measures, suchfflooding events. The|
as betweenness|SIS diffusion model ig
and degreejshown to be effective
centrality,  areffor  assessing  the
used to evaluatelcascading impacts of
the impact offflood disruptions on
flood-induced [road networks and can
disruptions guide flood
initiated management and

from
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different infrastructure

locations in the|
network. The|

Neighborhood in
Houston is used
asa case study to|
demonstrate the|
method.

Memorial Super

resilience planning.

Climate
/Adaptation
Measures
Enhancing
Urban
Resilience

for|

S.
Rezvani,
Nuno
Marques de
Almeida,
Maria Jodo
Falcdo

M.
2023

Mixed
(Systematic
Review,
MCDA-
IAHP
Mapping,
G1S-based
Risk
IAssessment)

Portuguese
municipalities;
Netobra.com
platform users;
GIS data,
S0Ci0-economic
data from
Instituto
Nacional
Estatistica
(INE),
Portugal;
climate
adaptation
measures.

de

Climate
adaptation
measures

Urban
resilience
Disaster risk|
hotspots
Socio-
economic
indicators
Physical
infrastructure
resilience
Ecosystem
restoration
\Water
management
strategies
Health
social
interventions

and

This
explores
climate
adaptation
measures aimed
at enhancing
urban resilience.
The research
categorizes these|
measures into
five broad
groups: physical
infrastructure,
ecosystem

management,
policy and
planning, and

health and social
measures. Using
the Netobra.com
platform, the|
study integrates|
these  measures
into a GIS-based
system to
identify disaster|
risk hotspots in
Portuguese
municipalities.
The study
emphasizes
importance
cross-sectoral
integration
climate
adaptation
measures
provides
comprehensive
framework  for
decision-making
in urban

0

of]

and

study
5Qithat integrating climate

restoration, waterjoffer

th(ﬂ;esource

The study highlights|

adaptation  measures|
into urban resilience
strategies significantly|
improves decision-
making. It finds that
physical infrastructure
measures (e.g., sea
walls, flood barriers)
and ecosystem
restoration (e.g.,
reforestation,
mangrove protection)
substantial
benefits for reducing
climate change
impacts. The research
urther underscores the
importance of water
management strategies,
such as  rainwater|
harvesting and efficient
irrigation,  alongside
policy frameworks and
health measures. The
Netobra.com platform
was shown to be a
valuable  tool in
identifying  high-risk
areas and  guiding
distribution
effective climate
adaptation. The
findings demonstrate
the need for 4
multifaceted approach
0 urban resilience,
combining
infrastructure
improvements,
ecosystem-based
strategies, and policy

or
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resilience
planning,
leveraging
multicriteria
decision analysis
(MCDA) and
analytic
hierarchy process
(AHP) mapping

interventions.

caused by tunn
flooding. Using
joint probability]

techniques.
This study|The findings show that
presents a risk-the consequences of
based tunnel  flooding are
Rainfall methodology tojsignificantly c.jifferent
; - [ . evaluate theffor highways|
_Cllmate A QL_lanutatlve, Delit, Thelntgnsny impact of climateicompared to regional
in asset Risk-based |Netherlands; Raln_ change, roads, with travel time
management of|ja Methoc_lglo_gy,Road » gL specifically delays increasing by a
mfrastrL.Jcture: Huibregtse, 2016Probabl_lls'uc authorities, Tur?nel extreme rainfallffactor of 25 on
A riskbasedigyaido Modelling, [TNO drainage on the flooding offhighways. The  risk-
methodology Morales Structured (Nethe-_rlar?ds capacn)_/_ tunnels and thebased approach allows
a'f’p"ed. tONap0|esy = Organlzatlon. Probabll.lty subsequent for the assessment of
disruption  of) 5,y Judgment  for _App"edOf ﬂOOd”_]g disruption to roadwhen intervention s
traffic on roadHeIIebrandt, Scientific Travel t'menetworks. Thefequired to  avoid
networks_duetoD_ Re_search); delays R'Skmethodology unacceptable levels of
the flooding OfPaprotny, Climate datajmanagementincorporates bothiservice. The study
UL Sten De Wit from_ KNMEmeasures —leqiy e demonstrates how the
il ey orobability  andjprobability of failure
and . tunnel consequences, |(tunnel flooding) and
Capacity data. with a focus onlits consequences
the  additionall(increased travel time)
travel timelcan be combined to

ealllevaluate the system’s

resilience. The results

suggest that]

function (copula)

interventions for]

network.
method

road
The
includes

for rainfallregional roads can be
intensity andpostponed significantly|
duration, andl(until 2140), whereas
applying highway systems
structured expertrequire earlier
judgment,  thelintervention (by 2020).
study  assessesiThe paper emphasizes
how climatethe need for adaptive
change couldmanagement to
affect tunnelicontinuously adjust to

performance andevolving climate data
the resilience offand
the surroundingjresilience.

infrastructure,
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simulations  of]

different

scenarios, with

the results used to

inform riski

management

strategies  and

Co-Design
for
Enhancing
Flood
Resilience in
Davao City,
Philippines

Mamoru
Miyamoto,
D.
Kakinuma,
T.
Ushiyama,
A.  Rasmy,
M.
'Yasukawa,
D. Bacaltos,
A. C. Sales,
T. Koike,
M.
Kitsuregawa

2022

Mixed (Co-
Design
Methodology,
Hydrological
Modeling, E-
Learning
\Workshops,
Real-Time
Flood
Forecasting)

Davao  City,
Philippines;
Local
government
units,
community
leaders,
stakeholders,
academia, civil
society
organizations
(CSOs), and
media;
Participants in
e- learning
workshops;
Flood risk|
data from
hydrological
models;
Climate
change impact
data.

Flood
Climate
change
impacts
(tropical
cyclones,
rainfall,
discharge)
Inundation
extent
depth
Socioeconomic|
characteristics
(demographic,
geographic,
economic
features)
Community-
level disaster]
preparedness
and literacy
E-learning
outcomes
(Facilitator
training,
knowledge
dissemination)

risk

peak

and

This study aims to[The development of
enhance floodOSS-SR for Davao City
resilience inienabled real-time flood
Davao Cityfforecasting and climate
through a co-change impact
designed approachfassessment,  showing
that integratesithat future flood risks
scientific (e.g., increased rainfall,
knowledge  withjpeak discharge,
community inundation) are|
participation.  Itsignificantly higher,
developed thethan in the past. The
Online Synthesisstudy  found that
System forlinundation areas could

Sustainability and
Resilience (OSS-
SR), a platform
that supports real-
time flood
forecasting  and

Facilitators play a

increase more than four|
times under future|
climate conditions. Two
e-learning  workshops
successfully trained 30
Facilitators from

climate  changeldiverse disciplines, who
impact are now equipped to
assessment.  Theldevelop risk
methodology communication plang
incorporates and work with local
hydrological communities to
models for basin-improve disaster|
and barangay-{literacy. The
level flooddeliverables produced
simulations, and e-ffrom the workshops,
learning including hazard maps|
workshops forand contingency plans,
training are  set to  be
Facilitators, wholdisseminated across
bridge the gapjvarious community
between thelgroups. The  study
scientific highlights the
community  andimportance  of  co-
local society. designing solutions that

integrate science with

crucial role  incOMMmunity
disseminating engagement for
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knowledge onlenhancing flood
flood risk andjresilience.
climate  change|
adaptation to the)
community.
This study[The results show that
evaluates thePICP,  paired  with
Rainfall feasibility ofismooth drainage pipes,
intensity implementing effectively ~ manages
. . \Water permeable extreme  hydrological
i;alustslgn g; ouantitative, '(r::et:wuco, E;infiltration mterlort:klng ti\;,?)nts’ fm_th:tﬁn_mgg
Permeable | a0 Physical- _Araucania Stormwater Eslnégepa;lsmenahourrsnmo rain z:1N it|:0Ut
gi::’ei:mg IC:ZZIICiCLUttOlO, nghjmz;tical g’gr'%rgn Ch'le;zg;gsy Zus'_cainable  fsaturation. The system’s
v i p 2023 ' el Drainage rainage solutlon_sto.rage_ capacity and
e UrbanGamdo’ Case Study e Lty for urban flood|infiltration
Solution for] ’ Pueblo Nuevo[Return period)” "~ =~ I P
' /Andres - leor storms Using  physical-feasibility for urban
aA;]ddaptatlon Sotil sr:rt]:ttﬁ)%r'ologlcaIStructural mathematical lapplication. _
o ’ modeling, the|Additionally, the design
Mlt_lgatlon Permeable layer . research testsreduces  flood risks,
agfamst DBs Proprqpertles PICP facilitates rainwater
Climate Spftw_are; (thlck_ness, performance reuse for green space
Change h|§tor|cal p0r05|ty,_ . under extremelirrigation, and mitigates
fainfall  datapermeability) rainfall urban  heat islands.
rom 1955~ conditions, Corrugated pipes,
Az, simulating a 24-however, displayed
hour storm with allower efficiency,
100-year  returnjsuggesting the need for|
period. The designjsmooth drainage|
incorporates systems in high-rainfall
smooth andjscenarios. The study
corrugated iconcludes that PICP is a
drainage  pipes,jviable  solution for
analyzing  theirclimate change
impact onfadaptation and
infiltration  andjsustainable urban

storage. The study|development,

highlights PICP’slcontributing to reduced
potential forjgreenhouse gas
climate adaptationemissions and

and urbanlimproved quality of
sustainability, urban life.

proposing its|

integration  into

urban

infrastructure  to

address  flooding

and enhance green

spaces.
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The study assesses[The ~ AHP  model
flood-prone areasjidentifies 22% of the
Flood  risk Mixed (GIS-Davao Rainfall Slopef"d flood  riskstotal ele! and
assessment based multi-Oriental, Elevation due to pIuviaII?pproximatfsly 30% of
for  Davaol criteria Mindanao, Drainage flopdlng in Davao he_ population of_Davao
Oriental in decision Philippines;  [density sojfOriental, _ [Oriental as being at
the analysis Local bype Distanceph'“ppmes’ usm.ghlgh .rlsk for pluvial
Philippines J. Cabrera,70?0(MCDA), government o mairnC'S-based  multi-flooding. The Maxent
using Han  Soo Vaximum  data; 70 fieldchannel criteria  analysismodel, with an
geographic Lee S survey pOi”tS;Population (AHI.D) and thejaccuracy rate of 95.§%,
information model) NCDC rainfa"density Maximum shpws that eleyatlon,
system-based data; ASTER Entropy (Maxent)rainfall, and soil type
ulti-criteria GDEM: model. Thefare the most significant
analysis and nopulation analysis contributors to flood
the data from thel incorporates ajsusceptibility. The
maximum Philippine \variety of factors,[findings emphasize the
entropy Statistics including rainfall jimportance of
model Authority. slope, elevation,fintegrating both AHP
drainage density,fand Maxent approaches
soil  type, andjfor comprehensive|
proximity to mainfflood risk assessment,
channels. Thelparticularly in data-|
methodology scarce regions. The
helps identifyjmodels can be used to
high-risk areas forjprioritize areas for more
flooding, detailed studies and
considering  bothfrisk mitigation efforts.
physical  terrain
and S0Cio-
economic factors
like  population
density. The study
utilizes historical
flood data from
field surveys to
\validate the
models and refine
flood risk maps.
This study[The findings reveal that|
Flood focuses onjslum areas, particularly
\Vulnerability(assessing ~ floodjiin  boroughs VII and
Index (FVI) [vulnerability iniXV, are highly|
B L Kolkata, \vulnerable to flooding
Flood » Quantltatlyg, Kol_kata’ Z\L/J?itir der)thparticularly afterldue to poor drainage
\vulnerability \Vulnerability  |India; -Slumfloodign the super-cyclonelsystems, M Raa]
and slym Alokananda [2021//ndex _ population .g gAmphan in 2020 urbanization, and loss
CanCenmrationg o ice CaICUIat'Or_" dat_a (2009);Duration o Using the Floodjof wetlands. These
mapping innjykherjee, s  [G!S Mapping  Rainfall and\llvate_r Vulnerability  [areas face prolonged
the Indiangarghan flood = “datai090ind Index (FVI), thewater logging and are
Ay b o 715 A0 : research  mapsjmost  affected by
Kolkata: A Kolk_at_a populatlon. areas of highlcyclonic storms like
o8 Mun|C|pa_1I con(_:emrat'onvulnerabiIity Amphan. The study|
Amphan Celpyrlien Pl based on factorsisuggests that slum-
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analysis (KMCQC), system like water depthjdwelling populations,
2015- efficiency |and the durationwho lack access to basic
2020: of flooding. Thefinfrastructure and are
Satellite study alsoconcentrated in flood-
imagery. overlays  thesefprone areas, suffer
maps with the/disproportionately
concentration offfrom flood-related
slum populations,hazards. The findings
which are locatedjunderscore the need for
in poorly drainedlimproved urban
and  low-lying[planning, enhanced
areas, drainage systems, and
highlighting theirftargeted disaster risk|
increased management strategies|
exposure toffor these wvulnerable
flooding. Thelpopulations.
research
emphasizes  the
link between
urbanization,
inadequate
drainage, and
climate change,
which  worsens
the city’s flood
risks.
IThis study uses[The study finds that
GIS-based multi-95.99% of Davao
Duantitative, criteria decision[Oriental is classified
GIS-based analysis (MCDA)[under I_ow to moderate
Spatial S Rainfall to assess rooq-rood risk, while a_bout
Analysis, Multi- rienal . prone areas inj3.39% of the province,
Flood-Prone Criteria Or!e_nta., ope Davao Oriental,mainly in coastal areas,
Area - Philippines; - |Elevation Philippines. Thelis at high to very high
Decision :
(B ) Cabrera,2019Analysis UL Sml_type study integratesfflood risk. The areas
Using  GIS-4an s00 Lee (MCDA) government Drainage  \arious  flood-with the highest flood
Based Multi- Analvii ' data}; density related indicatorsjrisks are primarily in
Criteria Hr.1a ytlch Ngtlongl Distance  tOlgch as rainfallfthe eastern coastal
Analysis: Al Plerarc y Climatic Dataimain slope, elevation,|municipalities such as
Case  Study rocess (AHP) [Center channel soil type,[Boston, Cateel, and
in Davao (NCDC); GISpopulation drainage density,Baganga. The findings
Oriental, pata i iromgensity and proximity tolhighlight the|
Philippines RSIER water channels.significance of rainfall
GDEM’_ Using thefand slope as the most
population IAnalytic important factors
census Hierarchy contributing to flood
(2015); Process (AHP),[risks. AHP was found
Rainfall data weights for eachlto be the most accurate
from factor areimethod for generating
Hinatuan and assigned, and aflood hazard maps,
DO_ST'RX| flood hazard mapjwith superior accuracy|
stations.

is generated forwhen compared to the

the region. The

study

R and RW methods.

validates[The results underscore
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the results using
field surveys
from historical
flood events and
compares them to

Rank (WR) and
Ratio Weighting
(RW).

flood risk mapsidisaster preparedness
generated byfand mitigation efforts.
other  methods|
like Weight-by-|

fthe need for immediate
flood risk management|
strategies, particularly|
in high-risk areas, and
call for enhancing local

Green Roads
for  Water:
Guidelines
for Road
Infrastructure
in Support of
\Water
Management
and Climate
Resilience

Mixed
F. (Guidelines-
Steenbergen, based, Cross-
Fatima sectoral
/Arroyo- collaboration,
Arroio, K,2021Practical
Rao, Taye implementation)
Alemayehu
Hulluka,
Kifle
\Woldearegay,
/Anastasia
Deligianni

Road
agencies,
agriculture,
water
management,
disaster risk
reduction,
environmental
and social
specialists,
local
communities,
NGOs in rural
areas.

Road
infrastructure
resilience

\Water
management
Landscape
impacts
Community
engagement
Multi-
sectoral
collaboration
Climate
resilience

The  guidelines
promote an
integrated

approach to road
development
where roads are
designed not only|
to function as
transportation
infrastructure but
also as tools for
water
management and
climate
resilience.

[The core concept]
of "Green Roads
for Water" aims
to reverse the
traditional
conflict between
roads and water,
positioning roads

to mitigate water-|rethinking road
related  issuesfalignments and
such as erosion,/incorporating  water,
flooding, andimanagement  directly|
waterlogging into  the  design,
while harvestinglSuccessful  examples
water for localffrom Ethiopia,
use. ThelBangladesh, and Kenya
approach demonstrate the|
incorporates substantial  economic
adaptive andiand environmental
proactive benefits of  Green
strategies to[Roads, with benefits far,
design roads thatoutweighing initial
align with thefinvestments. The
landscape, guidelines emphasize
optimize  waterfthe need for
use, and protectcollaboration  across|
ecosystems  andfsectors and community|

The Green Roads for|
\Water approach is
shown to offer triple
benefits: reducing road
damage from water,
improving the
surrounding landscape,
land managing water for|

community benefit.
IAdaptive  strategies,
which involve

integrating basic water
management practices
into  existing  road
designs, are more cost-|
effective and yield
rapid returns. Proactive
strategies, while more

costly, have the|
potential for greater|
long-term

environmental and

leconomic impacts by
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communities
from climate|
ichange impacts.

engagement to ensure)
the success and
scalability of Green
Roads

programs.

Impact  off
Urbanization
on Pluvial
Flooding:
Insights

from a Fast
Growing
Megacity,
Dhaka

Md.
Shadman
Sakib,
Siam
Alam,
Shampa, S.
Murshed,
Ripan
Kirtunia,

S. Mondal,
IAhmed
Ishtiaque
Amin
Chowdhury

2023

Ruantitative,
Urban
Drainage
Modeling,
Land Use
and  Land
Cover
(LULC)
Change
Analysis

Dhaka  City,
Bangladesh;
Land Use and
Land Cover
(LULC) data
(satellite
imagery from
1973-2022);
Hydrological
and
meteorological
data; GIS-
based
modeling tools
(ArcGIS,
QGIS,
PCSWMM);
Local
government
and urban
planning data;
Remote
sensing
(Landsat,
Sentinel-2);
Bangladesh
Meteorological
Department.

Land use and
land  cover
(LULC)
change
Impervious
surfaces
\Vegetation
and  water|
bodies
Built-up
areas
Rainfall
intensity
Drainage
system
performance
Flood
inundation
areas

Future urban
growth
scenarios

This
investigates
impact  of

study[The findings show a4
thefsignificant reduction in
rapidwater bodies and green
urbanization onjspaces  within  the
pluvial flooding injGoranchatbari
Dhaka, Bangladesh,[catchment,
focusing on changesfincrease in  built-up|
in Land Use andareas, particularly|
Land Cover (LULC)between 2003 and 2022,
and their effects onBy 2042, settlement
urban drainage andjareas are projected to
flooding. It analyzesfincrease from 77.54% to
historical andi89.49%, leading to
projected LULC dataffurther  depletion  of
over five decadegnatural drainage areas
(1973-2022) tojand exacerbating flood
identify trends inrisks. The study predicts
urban expansionja 21.35%  loss of
\vegetation loss, andfretention pond area by
water body reduction.[2042, which will further
The study uses urbanistrain the city’s ability to
drainage  modelingmanage stormwater. The
(PCSWMM) toLULC changes are
simulate the effects ofiexpected to  severely
these LULC changes{disrupt the connectivity|
on flood risk,of  critical drainage
particularly focusingichannels, such as the
on the GoranchatbarilBaunia Khal and Diabari
catchment. FuturelKhal, leading to
projections for 2042/drainage congestion in
are made using athe northern regions of

with an

hybrid CellularDhaka.  The  study
Automata- Artificialiconcludes that
Neural Network (CA-urbanization  without|

ANN)  model tofadequate drainage and
predict urban growthjwater management
and its implicationssystems  will  worsen
on drainage andpluvial flooding,
flooding. particularly in the low-
lying and rapidly
urbanizing areas of the
city. The findings
emphasize the need for
integrated flood
management  strategies|
that account for future

urban growth and LULC

@International Journal Of Progressive Research In Engineering Management And Science

Page | 1208



e

INTERNATIONAL JOURNAL OF PROGRESSIVE

e-1SSN :

RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
F—a— —~ AND SCIENCE (IJPREMS) Impact
WWW.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 04, Issue 12, Decembaer 2024, pp : 1120-1229 7.001
dynamics.
This study assesses[The study finds that
Flood [the impact of climatefDavao  Oriental s
Quantitative [Davao risk Rainfallichange on flood risksjgenerally at low to
Spatial Oriental, projections [in Davao Orientalmoderate  flood risk,
Flood RiskPhilippines; [(CMIP5 Philippines,  underwith 95.91% of the
Assessment, [Local RCP4.5, future climatejprovince currently in
L:T_pac:s off Multi government |RCPg5)  [scenarios  (RCP4.Sithese categories.
Ct::r:ag: - ) Criteria  [units; Climatepopulation Zggo 2'3;:;8'5()121;?'_'0‘{"9‘?“ futture
- J. Cabrera,2018hacision projections density SO“Th ) ,an | '.p|r'oj|$tc |9ns sugqes tha
Areas inHan—Yong Analysis  [from CMIPSfype | e anaysms ig m_crease_ in the
Lee (MCDA), |(RCP4.5, S lope mtegrates varlousareg at rlsk_, with more
ga-vac; | Nlimate RCP8.5); EIe\F;ation spatial datasets, suchregions facing moderate
pilpines Moceling GIS  daebisiance tojeyaion, soiltypefoan incresse n ranfal
(rainfall, ; ' 0 )
e levation. soilmam and populationfintensity. The
-~ drainageCDhar-mel der.15it_y, using l\/!u_lti—n_wni(‘:ipalities along the
s dralpage Crlterla} Decision|riversides find _(?oastal
o ensity Analysis (MCDA)areas are identified as
ensity); and the Analyticthe most vulnerable,
Historical datal Hierarchy  Processwith Boston
from local (AHP). The studymunicipality  showing
cainfall aims  to generaterhe highest flood risk
stations flood risk maps to|(very high category).
(Hinatuan, identify flood-prone[The study emphasizes
DOST-RXI). areas and  theirthe need for immediate
\vulnerability, with afaction to prepare for
focus on  futurefthese risks, including
climate-induced community- based
risks. It incorporatesidisaster ~ management
the CMIP5 climateplans. The research
model forjhighlights that rainfall
temperature andlintensity is projected to
rainfall  projectionsfincrease by,
and uses GIS- basedapproximately 69%,
analysis to develop awhich will exacerbate
comprehensive  riskithe flood
@assessment. risks over time.
The study[The analysis reveals that
investigates the floodKumasi’s flood hazard
lood hazargh@zard — zones inzones are  largely
Mixed ones Kun:gsi, f Ghsne;;?nfluen(?ed fby th(ﬂi
. . Urbanization ['ésulting  from bothjinteraction of natura
ir??ogl:g;]g Elg\'/tii@fure j:tcac,mp?uak%shedLa”d natural (e.g., climatetopography and rapid,
G | conpords Doonmans sner | [N St
urbanisation:|, 1 spatial from local and|change b pres ensi d - .
Flood hazardle... - analysis, ternational [EMergency (e.g., ur anlzatlgn) ensity r§5| ential areas|
mapping OfCObblnélh Multi- organizations, Fervice factors. _ Usmglocr.alted in flood-prone
et Criteria s data pccessibility Geograpi_nc rgglons face gregter
. ) ] . Information Systemsjrisks due to the reduction
Analysis)  [Kumasi Population |
Metropolitan concentration(G_IS)_ and Mult_l-ln green spaces and poor|
Criteria Analysisjwaste management.
Area (KMA) (MCA), the studyjAdditionally, residents
maps flood-pronejin  high and moderate|
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areas and assesses thehazard ~ zones  have
accessibility tollimited access to
emergency  servicesemergency services,
in flood-affectedwhich further
zones. Findings showexacerbates the
that rapidvulnerability of these
urbanization, communities during
particularly flooding events. The
haphazard study highlights the

development,
increases the risk of]
flooding and limits
access to emergency|
services for residents
in high-risk areas.

urgent need for better
urban  planning and
integrated  flood risk
management in Kumasi.

Mapping
Urban
Flood-
Prone Areas’
Spatial
Structure and
Their
[Tendencies
of Change:
A Network
Study  for|
Brazil’s
Porto Alegre
Metropolitan
Region

D.
Altafini,
Andrea da|
Costa
Braga,
Claudio
Ugalde

2023

Quantitative,
\Vulnerability
Index
Development,
Composite
Method

Nine coastal
cities (Buenos
Aires,
Calcutta,
Casablanca,
Dhaka,
Manila,
Marseille,
Osaka,
Shanghai,
Rotterdam);
Climate data,
S0Cio-
economic
data, flood
hazard data;
Institutional
reports.

Sea-level
rise  Storm
surge
Cyclone
frequency
River
discharge
Soil
subsidence
Coastal
population
Cultural
heritage
Shelters
availability
IAwareness
and
preparedness
Drainage
infrastructure
Flood hazard
maps
nstitutional
organizations

This study develops[The study reveals that
the Coastal City|Shanghai is the most
Flood Vulnerabilityjvulnerable city overall,

Index (CCFVI) tolprimarily due to
assess thefexposure  to  hydro-
\vulnerability ofigeological factors like
coastal  cities  tojstorm surge and sea-level

flooding. The CCFVl|rise, coupled with social

combines threeivulnerability from high
components: hydro-population density near
geological, socio-the coastline. Dhaka and
economic, andManila are also highly|
politico- \vulnerable, while
administrative Casablanca and
\vulnerability.  TheMarseille  are less

index uses indicatorsivulnerable. The results
such as sea-level rise,jalso show that climate
storm surge, riverichange exacerbates

protection measures,
planning zones, and
institutional capacity|

for the politico-
administrative
component. The)

CCFVI is applied to
nine cities globally to

compare their
\vulnerability  under|
current  conditions

discharge, and soilvulnerabilities,

subsidence for thelparticularly through
hydro- geologicalfincreased coastal
component; culturalpopulation growth and
heritage, populationrising sea levels. The
near the coast, andCCFVI model helps
shelters for the socio-fidentify cities that need
economic more detailed
component; and flood|investigations and

adaptation strategies. It

provides a tool for
decision-makers to
prioritize actions  for

reducing flood risks in
coastal cities.
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and in future climate
change

scenarios.

This study presents a
method for measuring

The study finds that the
Ricci curvature method

the vulnerability offprovides a more
Road road networks usingllocalized and intrinsic
Ricci curvature,measure of road network|
network : .
which captures thevulnerability compared
Measuring [Lei Gao| [Quantitative, (Urban  road™POlo9Y koo ion™ hetweento traditional node-based
Road Xingquan Simulation-  network Ricci e TadEs TInE TR e
Network [Liu,  Yupy;ghased datasets fromCUrVature 04 s designed tojpetweenness — centrality.
Topology  [Liu,  Pul  |Analysis, six cities (e-g-’vumerab'“tyidentify key sections|Networks with negative]
Vulnerability \Wang, Experimental [Beijing, under attack e o road network thatRicci  curvature  show
by RiccilMin Design NYC- Network lare most vulnerable tohigher  vulnerability,
Curvature  [Deng, Manhattan,  |connectivity \4isryptions, such asparticularly during
Qing Zhu, Xi'an, Road natural disasters orftargeted attacks. The
Haifeng Luoyang,  network  |man-made  attacks|results indicate that
Li Shenyang,  levolution e research includescentrifugal road
Changchun) simulation networks, such as those
experiments in NYC- Manhattan,
involving randomiexhibit higher robustness
and targeted attacks tojthan centripetal
assess thenetworks like those in
\vulnerability ofBeijing. The research
different roadfalso shows that road
network typesinetworks evolve over|
(centripetal andtime, with their
centrifugal). Itvulnerability
compares the Riccilcharacteristics remaining
curvature-based relatively stable despite
model with traditionalichanges in network size.
betweenness The Ricci curvature
centrality models.  |model is found to be a
more effective tool for|
identifying critical road
sections and improving
resilience planning.
This study assesses|The study finds that areas
the resilience of greenwith  preserved green
infrastructure in thefinfrastructure, especially
Green SpaceEdremit district ofjalong the coastline, are
. . ... Van, Turkey, throughimore resilient, showing
Edremit accessibility the Greenllower flood sensitivit
. Y|
Mixed (GIS-District, Van,Stormwater Infrastructure Spatialfand better air quality]
based [ G|3rLrJ1atr)1agem:nt Planning (GISP)management. However,
Measuring  |kan analysis, e, _Iocal_ Ir a(r; ﬁeitmodel. Thelurbanized areas with
the  Green[Berfin, 2021M”'“'C”te”apOpUIauon _IS fan € e_c evaluation focuses onfhigher construction
Infrastructure|Mert Decision data,_ ain Ar - qualityl osilience criteria:jdensity (Erdemkent,
Resilience in[Yelda Analysis,  [quality data,Landsca}pEe stormwater Erenkent, and Esentepe)
Turkey Expert stormwater — fconnectivity management,  greenexhibit  vulnerabilities,
Survey) management |Social space  accessibility,such as higher urban heat
data, expertvulnerability yihan heat islandfisland  effects  and
Survey effect, air quality|inadequate green space
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responses landscape access. Social
(urban connectivity, andvulnerability is also
planners, social vulnerability.prominent in densely|
architects, GIS and expertpopulated
landscape survey analyses areneighborhoods with
architects, combined to assessllimited green  space
environmental these criteria'sfaccess.  The  expert
engineers). effectiveness insurvey results underscore
enhancing thefthe importance  of
district’s resilience toimproving green space
climate change andaccessibility and
urban pressures. Thestormwater management
study highlights thefto enhance resilience.
importance of greenThe study concludes that
infrastructure inurban  policies  must]
urban resilience andiconsider local
emphasizes the needcharacteristics and
for  policies thatlintegrate resilience
prioritize greenfstrategies into  urban
spaces andplanning to  combat
sustainable urbaniclimate change impacts
practices. effectively.
This studyLThe findings reveal
Road networklpresents a methodthat flooding
disruption to measure urbansignificantly  affects
Sio Carlos, so/Continuity roa_(:_ nztqusoto?zed vehic_le;Taer
) . . [Efficiency offresilience duringicycles, especially in
Measuring Quantitative, Pauﬁlf), Braz”fanemativi extreme events,the southern regions of
urban roadj A, Netvvor_k fraffic zones,romes Travelisuch as floods, by[Sdo  Carlos, where
network” Morelli,  jpg1gAnalysis, Ope?StreetMap distances focusing on how|most disruptions
InErERINEYS Andre Graph Theorydata; Googlépedestrian vs disruptions in theloccur. Pedestrian
5 EUEE L Ma}p'_s . A.Pl’motorized network impactimovement shows less
events:  AnlBarbosa Origin/Destination| "™ . [ .
L . \vehicle transportation.  impact, as the trips
application |Nunes dal (OD) matrix data|
movement The methodjtend to be shorter and
for  urbanicunha (2007/2008). calculates twotnore localized. The
floods metrics: networkistudy finds that as
continuity and thejflooding intensity
efficiency ofiincreases, motorized
alternative paths,vehicle routes become
using graphlblocked, increasing
theory. Theftravel  distance and
analysis isaffecting  efficiency,

applied to Saowhile pedestrian routes
Carlos, Brazil, toare less affected. This
assess the effectshighlights the greater

of differentivulnerability of
flooding motorized

scenarios.  Thejtransportation to urban
study flooding. The results

differentiates thejsuggest that cities with
impact of floodsjshorter pedestrian trips
on  pedestriansmay be more resilient

and motorized[to such events.
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\vehicles, showing
that pedestriang
are less impacted
due to shorter|
trips and more
resilient network|
configurations.

Methodology|
to Prioritize,
Climate
IAdaptation
Measures in
Urban Areas.
Barcelona
and  Bristol
Case Studies

Maria
Guerrero-
Hidalga,
Martinez-
Gomariz,
B. Evans,
J. Webber,
Montserrat
ITermes-
Rifé,
B. Russo,
L.
Locatelli

2020

Mixed
(Multi-
criteria
decision
analysis
(MCA), Cost-
effectiveness
analysis
(CEA), Cost-
benefit
analysis
(CBA),
Stakeholder
workshops)

and
case

Barcelona
Bristol
studies;
Stakeholders from
city councils,
utilities (e.g.,
water, transport,
waste
management),
urban  planners,
technical experts
(engineers,
economists, and
natural scientists),
and local
communities.

Climate risks|
(pluvial
flooding, CSO
spills, fluvial
flooding)
IAdaptation
measures
(green  roofs,
permeable
paving,
detention
tanks,
barriers)
Economic
damage
(avoided
damage, cost-
benefit ratio)
Social co-
benefits
(public health,
job creation,
social
inclusion)
Environmental
co-  benefits
(air  quality,
biodiversity,
water
conservation)

flood

This study[The findings from the
develops alcase studies show that
methodology tojnature- based
prioritize climatelsolutions like
adaptation Sustainable Urban
measures inDrainage Systems
urban areas,|((SUDS) and structural
focusing onmeasures (e.g., flood

reducing extremepbarriers) are highly
\weather-related |prioritized for reducing
risks such asfflooding and CSO spill
flooding andfrisks in both Barcelona
Combined Sewerjand Bristol. In
Overflow (CSO)[Barcelona, SUDS
spills. Theimeasures were the top-
methodology isfranked for both pluvial
applied to twofflooding and CSO
European cities,spills, due to their

Barcelona  andjsignificant

Bristol, using aenvironmental and
multi-stage social co-benefits,
process that/despite higher initial
integrates costs. For Bristol,
technical, demountable flood
economic,  andlprotection barriers
social were preferred for both
evaluations. Itpluvial and fluvial
begins withflooding due to their|
preliminary cost-effectiveness and
screening  usinglrelatively low|
cost- implementation costs.
effectiveness and(The detailed
co-benefit assessments  revealed
scoring, followedithat the combination of
by more detailedSUDS and structural

assessments suchmeasures in targeted

as economicfzones (e.g., Zone 5 in
damage Barcelona) yielded the
reduction and riskjhighest net benefits|
modeling. and risk reductions.
Stakeholder The study highlights
engagement  isthe importance  of
integral to thecombining co-benefit

process, ensuringfanalysis with technical

that localjassessments to ensure|
knowledge andlcomprehensive  and
priorities areadaptive urban climate
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reflected in the
decision-
making. The
methodology
provides a
framework  for

cities to identify
and prioritize the

resilience strategies.

most  effective
and feasible
adaptation
strategies  under|
climate change
scenarios.
This study[The study found that
examines twojalthough both regions
Urban case studies fromfhave made progress in
Mixed resilience IAvignon, France,developing resilience
n ieljand Quebecjtools, the practical
Operating (Collaborativerhan and  risk~100d risk : "
urban workshops,  managers from(Critical Canadg, focus!ngappllcatlon. of .th.ese
strategies to| ., . Decision  fand Quebec|(Cls)  Riskl : i
: limat Helnzlef,2020Support St GlSmanagement into flood riskicoordination and
z;ce ¢ 'maZB. Robert, Systems ((j ALKl - localltrategies management communication
i ange dan o mpare,ltive epartments; loca Vulnerability strategies.  Thebetween stakeholders.
a.ssomate Hémond, : goye_rnment research In Avignon, there is a
risks: some analysis) officials; of urban areas. .
dvances D. Serre infrastru,cture Collaborative investigates twojneed for better|
[ e —— decision- app_ro_aches: amtgg_ratlon _of
” demiamaking holistic resilience  strategies
° licati teams,h S resilience into urban planning,
fipp |c§t|ond izl approach inwhile in Quebec, the
mdF e IAvignon and anffocus was on
A P organizational  |understanding the

resilience

approach in
Quebec. Both
regions face

increasing flood

dependencies between
critical infrastructures.
The collaborative]
workshops helped
improve understanding

risks due tofand foster a shared
climate change,vision among
and the studystakeholders, though
explores the uselsignificant challenges
of spatialfremain in fully|
decision supportoperationalizing
systems andfresilience  in  risk|
collaborative management practices.
workshops to|The findings highlight|
operationalize  [the importance of
resilience.  Thelcontinuous
workshops collaboration and
involved adaptation to
stakeholders effectively address
discussing  riskiclimate change|
@International Journal Of Progressive Research In Engineering Management And Science Page | 1214
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management,
resilience

enhance
flood

response.

tools,
and strategies to
local

preparedness and

impacts.

Participatory

Mapping for
Enhancing
Flood Risk
Resilient and
Sustainable
Urban
Drainage: Al

Collaborative

/Approach for
the
Case Study

Gnecco,
F. Pirlone,
I
Spadaro,
Fabrizio
Bruno,
Maria
Cristina

Genoal_obhascio,

Babrina
Sposito,
M.
Pezzagno,
IA. Palla

2024

Mixed
(Participatory|
Mapping,
Stakeholder
\Workshops,
GI1S-based
Spatial
IAnalysis)

Sampierdarena
district, Genoa,
Italy; Local
stakeholders
(government,
urban planners,
citizens,
students);
\Various
groups
(elementary,
middle school,
and high school
students);
Public surveys;
Online  GIS-
based
questionnaires;
Site
inspections.

age

Flood
awareness
Perceptions
of flood risk
and
\vulnerabilities

Flood
damage
experiences
Sustainable
Urban
Drainage
Systems
(SUDS)
installation
preferences

risk

[5reen spaces
accessibility
Stakeholder
engagement
in  planning
processes

This study applies
participatory
mapping
methodology

resilience
the
of Sustainable Urban
Drainage  Systems
(SUDS) in Genoa's
Sampierdarena
district. The research
integrates
community
knowledge,
technical
lassessments, and
Spatial data to guide
the  planning
SUDS as effective
flood mitigation
strategies. The)
methodology
employs both top-
down and bottom-up
lapproaches,
engaging  various
local stakeholders,
including  citizens
and  students, to
identify flood-prong
areas and design
potential solutions.
The  participatory|
mapping process
uses GIS tools to
\visualize local flood
risks and integrate
public input into the
decision-making
process for urban
resilience.

ofjsuitable

he participatory
process revealed that
both general public and

tojschool-age participants
enhance urban floodjshared
throughfunderstanding of the
implementation|flood

a common
risks in the
Sampierdarena district.
The majority of
participants identified
critical areas prone to
[flooding, including
commercial and
residential zones with
limited green space.
The  integration of
community insights
highlighted  locations
for SUDS
implementation,
particularly in high-|
traffic areas and regions|
with dense
infrastructure. The
study emphasizes the|
value of including
\various stakeholders in
the planning process,
particularly through
intergenerational
participation, ensuring
that both youth and
adults contribute to
urban resilience efforts.
The findings underscore
he importance  of
Enclusive engagementin
urban planning,
promoting public
awareness, and
supporting the
implementation of
SUDS to mitigate flood
risks in urban areas.
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This study[The study finds that
Sea-level riselinvestigates thewhile cities like
(SLR) potential forlCopenhagen and
Erosion increased urban andJakarta focus primarily|
. ~ environmental on technological
S_')_( coastal*l;‘:;‘f:i:ion resilience in coastallsolutions like dikes and
Mixed (Casefcities: (dikes cities facing seadland reclamation, they
Studies, Copenhagen, seawails) level rise (SLR). ltface significant barriers
ripheral: Climate Drager, Land includes case studiesfrelated to social and
Resilient Uik po2af \daptation S  lreclamation [from both the Globallecological
Hydrological [Ekman Planning, gaDIf:rEark)' Urbanization [North and  South,considerations. In
Infrastructures| Design . IWater supplynalyzing urbanicontrast, smaller cities
Management,(Indonesia); management [€SPONSes to climatellike  Tarawa  and
Interviews) Male : Freshwater challenges like[Birkholm show|
(il lvies) ; floodin erosion,potential for resilience
Tarawa security & poenie’ ¥
(Kiribati): Biodiversity and loss offin their peripheral, more
' Ecosystem biodiversity. Thefflexible design
Governmer?t ; research employs anjapproaches. The
representatives,>¢MVICeS I
Socio- open systemsfresearch highlights the
urban aconomic approach, focusinglimportance of
pIarTners, on adaptivedecentering human-
engineers, locallfactors . . .
ommunities. _|(PoPUlation strateg|e§ fors:entrlc designs to
bolicy expert;. density, |Oca|_hydrolog|cal mclude_ more
economy) infrastructures  andecological, non-
emphasizing the rolefanthropocentric
of the urbanmethods  in  urban
periphery inplanning. In Malgé, the
resilience planning.development of floating
It critigues bothcities and land
central andreclamation  projects
peripheral offers a partial solution
approaches to urbanlbut fails to fully address
resilience, ecological  resilience.
examining how[The study concludes
different cities arefthat greater resilience
adjusting to SLRJlies in transitioning
through  mitigationffrom centralized,
(e.0., hardjanthropocentric
infrastructure  likejinfrastructures to more
dikes) andfflexible, regionally|
adaptation (e.g.,integrated systems that
nature-based engage  with  local
solutions,  plannediecosystems and
retreats). hydrological cycles.
This study explores|The study finds that
Traffic the relationshipjurban areas with high
40 major U.S/|delays Roadlbetween resiliencelefficiency under
Cities: U.S Jnetwork and efficiency injnormal conditions (e.g.,
. L efficienc urban transportationflow traffic delays) are
» f CR CLEITEE, ((;aetr;?us surea Resi"ené/e tolnetworks. Thejnot necessarily the most
?es_ll!ence an_d M_' % Netvlvor.k OpenStreetMaplroad authors model trafficiresilient to disruptions.
efficiency |n;gs?0r'1 2017'_?;2{5'5’ data:  trafficdlisruptions  (delays  based onfFor instance, while
:::;z‘slitsa“o” Matchese, sirulation (delay data fromlLink failureuirban roadities like Los Angeles
the Texasprobability networks, wherejmay suffer significant
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. Keisler, A&M Commuter [intersections are(delays under normal
T. Seager, Transportation [flowand roadnodes and roadconditions, their traffic
I Institute Urbanjsegment segments are links.systems are  more
Linkov Mobility usage Efficiency isiresilient to disruptions.
Scorecard. calculated using|in contrast, cities such
annual delays perfas San  Francisco,
peak-period despite having similar
commuter, whilejefficiency levels,
resilience is assessedjexperience substantial
through changes indelays when 5% of road
traffic delaysflinks are disrupted. The
resulting fromjstudy suggests that
random disruptionsicities need to invest in
to road links. Thelstrategies that balance
study evaluates thejpoth efficiency and
performance of 40jresilience to minimize
major U.S. citiesthe impact of
quantifying both thedisruptions on
normal traffictransportation systems.
efficiency and the
system's resilience to
disruptions like road
closures or|
accidents.
This study[The network|
presents analysis identified
methodology forlkey edges whose
Travel timeass_eﬁsing the_ailure significantly
LoD NETWERK Network resmencg_ andlimpacts the
. .. (vulnerability ofjperformance of the
ANALYSIS ~ FOR Duantitative, [A2  HighwayConnectivity | = | road network. The
LSS ANB g Network [stretch, feee infrastructure  |vulnerability index
RESILIENCE lentile, Analysis,  |Guadalajara, netWIOfk R)  systems(EVI) Varies
ASSESSMENT  |eranssia |, oo Probabilistic [Spain; :Opo °9fy| ising networkdepending on the
FRAMEWORK " OFischmigt, Modeling, ~ [OpenStreetMap)MPactiu analysis andispecific  set  of
ROAD C. Graph (OSM)  roag®d9es __ lgraph theory. Itjorigin-destination
INFRASTRUCTURE(Chevalier,|  [Theory network  data;[Vulnerabilityl; oo o antifynodes  considered.
SYSTEMS A. Orcesi, PANOPTIS  findex (VD)o vick of roadFor some  sets,
L. project  datajAlternative hatwork failurelessential edges were
Adelaide, Road networkiroutes due to naturall:dentified, where
B. perfc?rmance hazards or roadtheir failure led to
Nedjar metrics. disruptions  bylcomplete
evaluating  theldisconnection of the
impact on travellnetwork,
time and networkhighlighting  their|
connectivity. critical  role in
Using data frommaintaining network
OpenStreetMap, [functionality.  The
the road networkianalysis also
is modeled as ashowed that
graph, with nodesalternative  routes
representing play a crucial role in
intersections andlmitigating the
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edges Empact of road
representing roadifailures, as networks|
segments. with well-
Vulnerability isdistributed
assessed byalternative paths
eliminating tend to exhibit lower
"impactful vulnerability.  The
edges” andlfindings suggest that
recalculating 2 detailed
travel times forjunderstanding  of
different sets ofjnetwork  structure

origin-
destination pairs.
The results are

and failure points
can help improve
resilience planning

used to calculatefand inform
a  vulnerability{decision-making for|
index (EVI),Joad infrastructure
which measuresmanagement.
the loss  of
serviceability off
the road network.
This study|The findings
develops a GIS-demonstrate that the
Road based method tojmajority of road
segment assess thelsegments in  the
length \vulnerability of aMalaysian road
- Diversion [road network bynetwork have viable
Quantitative, B considering  thediversion paths, but
Road Network Network  |Malaysian distances  disruption ofisome segments,
\Vulnerability Based A. A, \Vulnerabilitylpeninsular road(Pl Pz)road segmentsiespecially those in
on Diversion RoutesRedzuan, Assessment, Inetwork; GISRatio ofland theremote or
to Reconnecty. 2022G|5'P35?d data; OSMliversion  [Availability  offmountainous
Disrupted Roadzakaria, Pathfinding, froad data;path tgdiversion  routesfregions, show high
Segments A. Anuar|  [PIversion iraffic data;original to maintainvulnerability due to
E. Route.  Road Traffidi,yment  connectivity. Thefthe lack of
IAminudin, Evaluation  \/olume (R1 R2)method alternative  routes.
Norbazlan Malaysia Indci-pendent calculates  theThe first diversion
Mohd (RTVM); route first and secondpath ~ (P1) s
Y usof Annual reliability shortest diversionjgenerally  shorter
/Average Da“y(IR) paths for eachiagnd more reliable,
Traffic (AADT)Supporting disrupted  roadwhile the second
data. vuInerabiIitySEgment' diversion path (P2)
(SV) ensuring that thejis .Ionger and less|
Traffic datapaths are_rellat_)It.e. The study|
(AADT. |r?te_zrr.1ally _ identifies . that
LOS disjointed  (i.e.,;segments with high
» they do  notSupporting
Capaciiy) intersect). AMNulnerability  (SV)
\vulnerability are  crucial in
index ismaintaining
proposed, network resilience
considering bothjduring disruptions.
the diversionlA high ratio of R1 or|
path  reliabilityR2 indicates a4
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(R) and thediversion path that i
supporting almost as reliable as
\vulnerability he original route,

(SV) of segmentswhile lower values
that may becomejsuggest less reliable
diversion routesdiversion paths that
for surroundingicould cause
areas. The studysubstantial —delays.
applies thisiThe  methodology)|
method to thehelps prioritize
Malaysian ulnerable road
Peninsular  roadisegments, guiding
network, ransportation

highlighting thejagencies to improve
most vulnerablenetwork resilience

road segmentsand plan for traffic
based on themanagementin case
diversion  routeof disruptions.
calculations.
This study[The results show
Surface presents hat the resilience
displacementjsimplified index for the|
Building methodology forfanalyzed area of
vulnerability [evaluating the[Bogota, prior to the
Road resilience ofidisruptive event, is
Simplified Quantitative, Bogota, deformation [urban areashigh  (0.75), with
/Assessment  of the Resilience  |Colombia; Lifelines  |affected bylsignificant
Resilience Capacity Index Intersection at(water, microtunneling [contributions  from
of  Urban AreasJ_ A 2022Asse.ssment, Av 68 X Av 1sewerage activities, robustness and
affected BYbineda Multi- Mayo; nipes) specifically ~ forredundancy.  After
Migrqtgnneling Sherle;/ criteria. Geotechnical L aric the Bogota metrofthe  event,  the
Activities Catheryne evaluation |data; Localmanagement project. Thelresilience index
Larrafiaga government lcapacity  [focus is  onfdrops  slightly to
reports; Traffic _ fassessing  thel0.71, indicating 4
and Economic - .
; - lactivity resilience of the Ilght. _Ioss f)f
SOcloeconomic |- area at  twolfunctionality but still
data; Numerical'”?paCt _ lstages:  beforemaintaining an
simulations. ~ Disaster riski, g, theladequate  level of]
mapa_gement disruptive eventresilience. The study|
POl (microtunneling).ffound that while
The methodologymicrotunneling
incorporates caused surface
four keyldisplacements, these
components  ofjwere within
resilience— tolerable limits for|
robustness, most buildings and
redundancy, roads, though the
resourcefulness, [sewerage  systems
and recovery—ifaced more severe
each  evaluatedlimpacts. The traffic

through a multiqmanagement  and
criteria emergency response
approach.  Thejsystems are

study utilizesjconsidered  robust,
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numerical with good
simulations  tojredundancy,
model  surfaceensuring  minimal
deformations anddisruption to the
their impact onjcommunity. The
buildings, roads,findings emphasize
and lifelines. Thefthe need for further
resilience indexjvalidation of the
is calculated tomethod across
guide decision-different scenarios
making for thetto enhance resilience
sustainable planning for urban
implementation [infrastructure
of trenchlessjprojects.
technology  in
urban
environments.

SRRI

Methodology
to  Quantify|
the  Seismic
Resilience off
Road

Infrastructures

D.
Forcellini

2022

Ruantitative,
Performance-
based
Earthquake
Engineering
(PBEE)
methodology,
Probabilistic
modeling,
Case study

Road network

consisting  off
two
interdependent
infrastructures
(bridges Bl
and B2),
typical
California
highway
bridges,

seismic hazard
input from the
PEER  NGA
database,
repair
ratio (RCR)
and  recovery|
time (RT) data,
Caltrans
Comparative
Bridge Costs
database.

cost]

Repair cost ratio
(RCR)

Repair time (RT)
Peak ground
acceleration
(PGA)
Prolongation
travel
Connectivity
losses (CL)
Functionality
ratio (ri)
nfrastructure
interdependencies

of
(PT)

This study[The results show that]
presents a new(different

methodology tojconfigurations of
quantify thefroad infrastructures
seismic resiliencelexhibit varying levels

of roadjof seismic resilience,
infrastructures, [especially under|
focusing onlhigher intensities of

bridges within alpeak ground
network.  Usingjacceleration (PGA).
the Performance-[For scenarios where
Based Earthquakelfinfrastructure is
Engineering partially open, such
(PBEE) as Scenario 5 (where
methodology, itjone infrastructure is|
calculates directjpartially opened), the|

and indirectresilience  of  the
losses fromnetwork  improves,
seismic  events,jwith lower losses
including repairicompared to other

costs and traveliscenarios. The study
delays. The studyffinds that bridges
uses a case studyjwith rubber bearings

comparing  two|(B2) perform better at
road  networks,higher seismic|
each withlintensities (PGA >

different numbers0.68 g), whereas
of bridges, andsliding isolators (B1)
analyzes theperform  better at
impact of seismicllower intensities. The
hazards like peakistudy emphasizes the|

ground importance of
acceleration considering

(PGA) onlinfrastructure
infrastructure interdependencies

functionality. Keyjand the impact of
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losses include
prolongation
travel (PT) and
connectivity
losses (CL), with
interdependencies
between

of]

repair times and costs
in enhancing
resilience.

infrastructures
considered in the
assessment.
The study|The findings reveal
investigates therhat urban expansion
The cost of Urbanization 2017  Freetownlinto hazard- prone
rapid  andi-fei Cui| |Quantitative, |[Freetown, Rainfall ~ Slope/andslide freas, - deforestation,
haphazard  |Degiang  |pg19[Remote Sierra  Leone;[stability (LIRS Wh"?hand _ poor Ui2ET
urbanization: |Cheng, C.| [Sensing 2017 Land-use changen_asu!t?d nplanning  were key
lessons Choi, W. Analysis Landslide 'Vegetation s_|gn|f|cant EES OIS ireh
learned  fromjin, Yu Lei, disaster;  10[clearance life and property exacerbated il
the Freetown)). Kargel vears of high- The pnmaryef_fects of tr_1e heavy,
landslide esolution causes of therainfall, leading to the
disaster satellite disaster were(devastating landslide.
images. identified as rapid[The study
and poorlylemphasizes the
planned importance of better
urbanization, urban planning, land-
steep slopes,juse management, and
deforestation, andjrisk mitigation
heavy  rainfallstrategies to reduce]
The study usesjvulnerability 1o
satellite  imagesjnatural disasters in
over a 10-yearmountainous regions.
period to analyze
land-use changes|
and the impact of
human activities
on the
environment,
particularly  the
role of urban
expansion in
triggering and
worsening
landslides.
This study[The results show that]
analyzes thelAngkor's water
systemic distribution network|
Erosion \vulnerability  ofjwas highly
. . the Angkor waterjvulnerable to
Angkor, - [Sedimentation Iy ion  floodin all
ot ia: lood magnitude 9. especially
p. Penny, C. Ruantitative, Cambodla,_ C logi gl network, focusingwhen flood
The demise ofiZachreson, Systemic  {Archaeological[Topologica on how climaticmagnitudes
/Angkor: Roland  J.h;gVulnerability [data offdamage (Q) variations, surpassed a critical
Systemic  [Fletcher, D.|  |Modeling, ~|{Angkor’s Network — flowl, icularly threshold.  Damage
Vulnerability |Lau,  J|  [Cascading |water distribution
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urban|Lizier, N. Failure distribution  |Water extreme flooding,joccurred most]
infrastructure |Fischer, IAnalysis network; management contributed to thesignificantly in the
to  climaticDamian H. Remote infrastructure failure of thelupstream regions,
\variations Evans, C. sensing  data; infrastructure. here the network
Pottier, M. Historical The modelffirst received water|
Prokopenko climatic  data simulates erosionfflow. The cascading
(tree ring and sedimentationffailure  mechanism,
indices, flood dynamics withintriggered by
data, etc.) |Angkor’s  waterjincreased erosion
system to exploreland  sedimentation,
cascading led to flow|
failures in thecentralization in
network. Thelsome channels, while
analysis identifiesjother parts of the|
thresholds whereinetwork were starved
floods causelof water. The study|
substantial concludes that
topological extreme climatic
damage, leadingevents, like intense
to systemfflooding in the 14th
instability.  Thelcentury, likely
model alsoplayed a key role in
investigates the|the destabilization
spatial and eventual decling
distribution offof Angkor’s complex
this damagejinfrastructure.
across  differentThis finding
sectors  of  thejynderscores the
network. importance of
building
resilience into urban
infrastructure to cope
with high- impact,
low-frequency
climatic events.
Hazard (natural(This study focuses{The research finds 4
and on integratingdirect negative
anthropogenic) [resilience correlation  between
\Vulnerability [engineering intojrisk  severity  and
(social, climate  changelresilience, with lower
infrastructure, [adaptation andfresilience levels
economic) disaster riskicorresponding to
Quantitative, [Public Exposure reduction higher disaster risks.
The Risk andjinfrastructure inj(population, [strategies for|Four adaptation
Implementation Resilience  [the context ofcritical public strategies were|
of  Resilience o bopgAssessment, (climate changejlinfrastructure) finfrastructure.  Itidentified based on
Engineering tOlching- ng_ard_ Hazard _dataResiIience introduces resilience levels:
Deal WithRuey Mitigation  ((meteorological,|(robustness, ~ [comprehensive |retention  for  high
Climate (Edward) Framework EXDOSUI’G_,_ redundancy, [risk  assessmentfresilience, transfer for|
Change Impact \ulnerability); |resourcefulnessjapproach thathigh-medium
Risk assessmentirapidity) combines hazardjresilience, mitigation
frameworks  |adaptation identification,  [for medium resilience,
(1SO31000,
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UNDRR
guidelines).

strategies
(retention,
transfer,
mitigation,
avoidance)

\vulnerability and avoidance for low-
assessment,  andmedium to low
exposure analysisiresilience. The study|
to quantifylemphasizes that the
resilience andjrisk assessment
guide adaptationfframework enables a
efforts. The studyjstructured  approach
provides afor addressing disaster|
methodology forfrisks and enhancing
evaluating  risksresilience across
across five levelspublic infrastructure
of severity, withjsystems. Key findings
corresponding also  include the
resilience importance of multi-
strategies: agency collaboration
retention, transferin risk management
mitigation,  andiand the necessity of
avoidance.  Thejadopting resilience
framework is usedmetrics in planning for
to assess majorffuture climate impacts.
infrastructure
\vulnerabilities in &
climate  change)
context and
proposes tailored
interventions  for
improving
infrastructure
resilience.

The
Informed
IAsset-Centric
(RIACT)

Urban
Resilience
Enhancement
Process: An
Outline and
Pilot- Case
Demonstrator
for Earthquake|
Risk
Mitigation
Portuguese
Municipalities

Risk-

in

S.
Rezvani,
Maria
Jodo
Falcdo
Silva,
Nuno
Marques
de
Almeida

M.

2024

Mixed (Risk-|
Informed
IAsset-
Centric
(RIACT)
decision-
making
process, GIS
mapping,
Entropy
weighting
algorithm)

Portuguese
municipalities;

Earthquake
risk Population
density

Seismic hazard
data (near- field
and far-field
earthquakes);
Demographic
and
socioeconomic
data  (Instituto
Nacional de
Estatistica,
Portugal); GIS
data for
municipalities;
Entropy
weighting
algorithm
data analysis.

for]

Housing
density
Revenue
inhabitant
Education rate
Ageing  ratig
Exposure  to
seismic

hazards

\Vulnerability
indicators

per|

Resilience
indicators

This
introduces
Risk-Informed
IAsset-Centric

study
the

The findings indicate
significant  regional
\variations in
earthquake resilience
(RIACT) processfacross Portugal.
to enhance urbanMunicipalities  with
resilience againsthigher revenue per
seismic hazards inlinhabitant and better
Portuguese education levels
municipalities.  |[demonstrated  higher
The RIACT]|resilience scores, while
framework areas  with  older|
incorporates GlS|populations or higher|
mapping to assesshousing density were
earthquake risks,jmore vulnerable. The
\vulnerability, andjanalysis identified key
resilience offhigh-risk regions, such
infrastructure andjas the Azores, which
communities. Thejare more susceptible
study  evaluatesfto seismic impacts, and
seismic risk basedfhighlighted areas with
on regional data,jstrong resilience, such

including as municipalities with
population robust economic and
density, housingsocial structures. The
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density, study emphasizes the
socioeconomic  need for tailored
indicators, andfresilience  strategies|

asset exposure. Albased on localized risk

tailored entropylprofiles to enhance
weighting preparedness and
algorithm isrecovery capabilities.

applied to assess
these factors and
calculate
resilience  scores
for each
municipality. The|
RIACT  process
helps  prioritize
disaster risk|
mitigation and
preparedness
measures tailored
to specific
municipalities.

Towards
Resilient
Roads
Storm-Surge
Flooding: Case
Study off
Bangladesh

to

Md.
Shohel
Reza
Amin,

U.
Tamima,
L.
Amador

2020

Quantitative,
Optimization,
GI1S-based
analysis,
Dynamic
Linear
Programming

Barguna district,
Bangladesh;
cyclone and
storm surge|
data; pavement]
condition data;
geophysical risk|
and
\vulnerability
indices.

Geophysical
risk zones
Pavement
condition (IRI,
PSI)
Community
\vulnerability
Structural
\vulnerability
Pavement
maintenance
and
rehabilitation
costs Storm
surge impact

This study focuses|
on enhancing the)
resilience of road
networks in
Bangladesh's

coastal areas,significantly improves
particularly inthe condition of roads
Barguna district,in disaster-prone areas.
which is prone to[The results indicate
cyclones andthat an annual budget
storm surges. Thelof approximately USD,
research proposes{3 million is required to
a2  method tomaintain good road
estimate thelconditions and convert]
geophysical riskthe most vulnerable
and vulnerabilityroads into resilient
(GEOPHRIV) offperpetual pavements.
each road segmentlRoads located in high

The study|
demonstrates that the
optimization of
pavement M&R
operations

by integratingfand medium
geophysical risk,jgeophysical risk zones
community are  prioritized  for|

\vulnerability, andupgrades. The model
infrastructure shows a substantial
damage indices|reduction  in  the
The studyjnumber of roads in
optimizes the[poor and fair
maintenance andiconditions within 20
rehabilitation ears. This approach
(M&R) strategieslis crucial for ensuring
using dynamicjroad resilience and
linear minimizing the
programming  toleconomic and human

allocate resourcesllosses  caused by

@International Journal Of Progressive Research In Engineering Management And Science

Page | 1224



WwWw.ijprems.com
editor@ijprems.com

INTERNATIONAL JOURNAL OF PROGRESSIVE
RESEARCH IN ENGINEERING MANAGEMENT
AND SCIENCE (IJPREMS)

(Int Peer Reviewed Journal)

Vol. 04, Issue 12, Decembaer 2024, pp : 1120-1229

e-1SSN :
2583-1062
Impact

Factor :
7.001

for convertinglcyclones and storm
\vulnerable roadsjsurges.
into resilient
pavements,
ensuring better
performance
during and after
disasters like)
cyclones.
Climate risks[This research[The study identifies
(heavy rains,ffocuses oniseveral effective
river  floods,developing ajstrategies for
sea level rise) toolkit ofimitigating  climate
. __Fcosystem-  [adaptation actionschange impacts on
: ase __StUd'?sbased aimed aturban systems. Key|
Urban Mixed (Ca_sefrom clles "Madaptation  fenhancing  urbanifindings include  that
Plz?mnlng for Study Analysis,Europe, USA’strategies resilience tolthe "defence"
Climate Ecosystem-  @nd Oth?r saasiell 2 climate change/strategies, such as
Change: Al oo bogglPased Approachiegions; Best ailience  specifically flood barriers and
Toolkit  ofl \ <ia (EbA), Toolkitpractices  fromy - - addressing heavycoastal  protection,
Actions forly .o Development) - (global . urba}nregeneration rains, riverjoffer immediate
an Integrated planning; Publicl =\ ced [floods, and sea-protection but are
it:j’atetg)t/_ ?f Z?J(t:;?)rrities Solutions level rise. Themost effective when
aptation 10 . NbS study combined with
Hfaavy Rains, LG e, Ec,ocio)economicconceptualizes "adaptation”
River Floods, eI plannfers,impacts three macro-strategies like
aer Sea Level e prolect(public health jstrategies— creating green
Rise sEb el local “defence,” infrastructure  (e.g.,
economy, “adaptation,” andwetlands, parks, and
community | ‘relocation/de-  [rainwater basins).
engagement) [anthropisation”—"Relocation/de-
to categorize andanthropisation”
analyze strategies, although

international best
practices. A total

of  six  best]
practices are
critically
assessed,

focusing on their|
ecosystem-based
approaches
(EbA), such as
restoring
floodplains,
constructing
artificial hills, or]

challenging, are vital
for areas at extreme

risk, such as low-
lying coastal zones.
The toolkit developed
provides a
comprehensive

framework for|
policymakers to
integrate climate-

proofing actions into
urban planning. The
authors conclude that
the toolkit is valuable

creating  nature-ffor municipalities
based  solutionsiseeking to develop or|
like greenupdate their climate
corridors andfadaptation plans in a
rainwater holistic and
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catchment sustainable  manner,
systems. Thewith nature-based

toolkit developed
from these best]
practices is
designed to be
replicable in other
urban  contexts,
particularly those
\vulnerable to
climate-induced
risks.

solutions playing 4
key role.

Road This study[The results highlight|
performance [assesses thethat proactive
metrics resilience offresilience  planning
Flood riskiLisbon's road|(Scenario 2) improves|
. : exposure infrastructure tojroad network|
Mlxed_ [Lisbon roadCozt_beneﬁt flood risks,[performance with a
Urban (e erezssg et le analysis proposing a four{7.6% increase over
Resilience approach, FaLeelels Proactive Sstage reactive strategies and
Index fons . S_tochas_tlc (L_"k_)an plgnners,resilience methodology:  |a 3.5% increase over
Critical Rl 2024S|mulat|0n, f:lVlI engmeers'planning avoidance, early warning
Infrastructure:iysaria FEREIETED | IMESIlES : endurance, systems. Scenario 2
A Scenarios. based managers); Gls-Reactive flood d 4 to be th ]
Based .]oaoN assessment)  |pased flood risk|'®SPONSE Early[ ©COVeNY,  aNAprovea 1o be e mos
Falcdo \warning adaptability. Thelcost-effective,  with
Approach - t0igj\,. i, svstems approach the lowest loss value
Disaster Riski\ng Pl B D :y . integrates in the loss and gain
Reduction inMarques ((_)SM_) data,._conortmc geospatial ~ Alfanalysis, indicating
Road de historical ﬂOOdlmp?Ct (GeoAl) models,substantial long- term
Networks || sida eIk, AN, (L e benefits in  flood
MHRICID. gl simulations, and |mitigation. The study|
R déta’COSts) cost—benefit shows that early
machine learning[Revenue  per _ .
L . ana|y5|s tojwarning systems
models (Randominhabitant X s : 3
Forest). (RMI) simulate vano_us( cenario )
flood risklcontribute to better
scenarios. |tresource  allocation
compares  three@nd reduced flood
resilience impacts, but the
strategies— proactive strategy
reactive  flood/offers the highest
response, resilience across all
proactive stages. These findings
resilience underscore the
planning, andlimportance of pre-
early  warningemptive infrastructure
Systems— investment and risk|
evaluating  thefmanagement in
performance andjreducing flood-
cost implicationsrelated disruptions.
for road
networks.  The
research uses
historical  data,
machine learning,
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and flood
simulation to

identify high-risk
zones and assess
the effectiveness
of these strategies

in mitigating
flood impacts on
road
infrastructure.
The paper[The findings reveal
discusses hat Lisbon's existing
methodology forsewer network s
identifying  andjalready under stress in
mapping flood-terms of flood risk,
Flood related hazards injespecially in high
Mixed Lisbon frequency Lisbon, Portugal,flood-prone areas like
(MethodologicalMunicipality — [Sewer networkusing he downtown
Urban Triangulation, ((CML);  Energycapacity triangulation-  |catchments.
Resilience to Hydraulic Supply: Water depth inlyased  approach|However,  climate
Flooding: |y Modeling,  [Distribution fflooding The methodologylchange ~ scenarios
Triangulation Al.meida 2020Collaborat|ve System Operatorjevents Haz_ardintegrates exacerbate the
of  Methodsjy; 7 Process) (EDP D)ifo  pedestriansiistorical  dataysituation, leading to
for  Hazardrginado Wastewallter Haz_ard hydraulic higher sewer capacity|
Identification |, . Sy;tems. A[():'I;AAI\_'\IIehICIeS modeling  (1Dluse _and increased
in UrbanBarrei,ro 33 : ! mbpact onGis _and 1D/2Df|ood|ng _hazards. The)
/Areas Bt ' ater. SUPEIY-W at;‘_l_serv'cescombmed !ntroductlon of green
Lopes EPAL; _PU ic(mobility, models), and alinfrastructure (CAS1)
Transport: waste,  Watefleo|laborative  [and retention basins
CARRIS, cycle, process involving|(CAS2) showed
METRO; electricity)  imuyltiple  urban|limited
Communications: service improvements,
MEO Altice, stakeholders.  Iffprimarily  affecting
'Vodafone, NOS. @ims to assessdownstream  areas.
flood-related [The most significant
hazards and thelimprovement was
resilience ofobserved  in  the
essential services,/construction of a large
including interception  tunnel
mobility, (CAS3), which
wastewater helped reduce
systems, andiflooding in the areas

waste collection,/directly downstream
considering of the tunnels. The
current and futurefstudy also highlighted

climate that while flood risks|
scenarios. Resultsjare significant,
from thelcurrent infrastructure
simulation  arefand services can cope

used to evaluatejwith
flood impacts and
resilience,

the existing
hazards, but future
risks require
in

particularly adaptation strategies.
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key areas such asThe methodology|
downtown provides a valuable
Lisbon. tool for urban
planners and
stakeholders to assess
resilience and
prioritize
interventions for
improving flood
management in
Lisbon.
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