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Abstract

The increasing frequency of climate change and extreme weather makes the issue of urban
flood vulnerability an important one. Flood disaster mitigation efforts have progressed
rapidly with the utilization of technology in flood risk assessment and community pre-
paredness. However, there is still a gap between technology and community engagement
in preparedness. This study was conducted to analyze the trend of technology-based urban
flood vulnerability and community preparedness integration. The study used bibliometric
methods to see research trends and a systematic review of Scopus data with Biblioshiny,
VOSviewer, and Convidence to identify relevant research articles. Trends in urban flood
vulnerability show an increasing use of advanced technologies such as multivariate LSTM
(Long Short-Term Memory) artificial neural networks, LiDAR (Light Detection and Rang-
ing), GIS (Geographic Information System), and blockchain for flood risk assessment.
There are gaps in community engagement and preparedness, highlighting the need for
a comprehensive approach that combines technology with community-based strategies.
A balance between technology implementation and community engagement is needed
to improve community preparedness and safeguard water security in flood-prone urban
areas. The development of an urban flood vulnerability index can bridge the technology
gap with standardized community engagement. All the articles in the study contribute
greatly to the changes and improvements in flood disaster mitigation, as well as to the role
of technology and preparedness. The gap between technology and community engagement
in preparedness requires an urban flood vulnerability index with comprehensive strategies.

Keywords: community preparedness; risk mitigation; technology; urban flood vulnerability;
water security

1. Introduction

The problem of global warming and climate change is one of the most important
problems that the modern world is dealing with [1,2]. One of the noticeable impacts of
these changes is the increase in extreme weather conditions, including droughts and heat
waves. More importantly, there is an increase in heavy rainfall, frequently in the form of
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torrential downpours [3,4]. Climate change (CC) presents a significant societal risk, leading
to increasing demands for immediate mitigation and adaptation actions [5]. In recent years,
multiple studies have emphasized the importance of adaptation by testing ecosystem-
based approaches. This is crucial for understanding and enhancing the integration of these
approaches into climate change adaptation and mitigation strategies [6,7]. According to
previous research, climate change has caused a systematic increase in the frequency of
heavy rainfall events in various regions of the world. This condition has an impact on
increasing surface runoff, reducing water infiltration into the soil, and increasing the rate
of soil erosion [8,9]. Various climate projections also indicate that this trend is expected
to continue, and even potentially intensify in the future [10,11]. This phenomenon is
primarily caused by increasing average air temperatures on Earth, leading to increased
evapotranspiration and elevated water vapour levels in the atmosphere, thus promoting
the formation of intense rainfall [12,13].

The heightened frequency and increased intensity of rainfall have worsened the sever-
ity of Pluvial Flooding (PF) incidents. PF is instigated by brief but highly concentrated
rainfall, leading to a situation where the volume of precipitation surpasses the capacity of
urban drainage systems and the soil’s absorptive capability [14]. Altered precipitation pat-
terns, frequent floods, rising sea levels, and extreme weather events have already impacted
local communities [15-17], threatening water security across affected regions. Urban areas,
with their close proximity to smaller streams and main rivers, are especially susceptible to
the immediate and severe risks of flash floods [18,19]. This risk increases during periods of
heavy and relentless rainfall, especially in small, poorly drained watersheds [20]. The pro-
portion of the population at risk from flooding has increased globally, with urban flooding
being a major and highly destructive issue. Over 80% of the global GDP is generated in
cities. However, the estimated annual direct loss from disasters in cities is approximately
USD 314 billion [21,22]. The traditional urbanization approach, which depends entirely
on impervious paving of surfaces and grey infrastructure for stormwater management,
is no longer sustainable or suitable with climate change adaptation strategies [23-25]. In
urban areas, the layout of rivers is significantly altered due to human development, which
can negatively impact their natural geometry [26]. This problem is worsened by trans-
forming of these waterways into closed pipe systems within the city, adding complexity
to an already challenging situation [27]. This approach may address short-term urban
planning requirements; however, it frequently leads to inadequate hydraulic capacity to
the significant amounts of stormwater generated by heavy rainfall [28]. The abundance of
impermeable surfaces in urban areas, such as concrete and asphalt, also exacerbates the
challenges of this approach. These surfaces inhibit natural water absorption into the soil,
increasing surface runoff [29,30]. The rapid expansion of urban areas is causing an increase
the number of impervious surfaces, such as concrete and asphalt, leading to a higher risk
of flooding and overwhelming stormwater systems, further compromising water security
in densely populated areas. As a response, the implementation of blue—green stormwater
infrastructure and nature-based solutions is gaining recognition as effective strategies to
address the growing flood risk in urban area [31-33].

Understanding flood risk perception is imperative for effective risk communication,
offering valuable insights into residents’ level of preparedness while facilitating the iden-
tification of potential vulnerabilities and inequities within the community [34-36]. Lo-
cal communities should be equipped with comprehensive information about flood risks
and preventative measures. This helps improve awareness and preparedness for flash
floods [37]. Despite the devastating impact of floods, most citizens, over 52%, lack the
necessary knowledge to act appropriately during flood events. Additionally, only 30%
feel personally responsible for addressing flood risks. There is a clear reluctance among
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residents to support the development of a sustainable urban drainage infrastructure, in-
dicating a concerning lack of engagement in mitigating flood hazards. Concerns about
climate change do not significantly affect people’s behaviour during flood events or their
willingness to invest in sustainable solutions. Addressing this issue requires more than
just improved preparedness; it necessitates direct, targeted educational efforts in the com-
munity [38]. In flood-prone areas, many residents often do not have sufficient insurance
coverage or take necessary precautions to protect themselves from potential flood dam-
age [39]. Socio-economic and socio-spatial inequalities create disparities in vulnerability
and resilience to flooding, which influence exposure to flood risk and the capacity to recover
from its impacts [40].

Disaster preparedness refers to the range of actions and measures taken to mitigate
the impact of natural or man-made hazards. These could include steps to reduce the risk
of injury and damage, as well as establishing the capacity to manage and recover from
temporary disruptions caused by hazardous events [41]. The geographical location signif-
icantly influences disaster preparedness, independent of individual socio-demographic
and family socio-economic factors. Notably, the preparedness levels in the lowland areas
surpassed those in the mountainous and highland regions. Furthermore, individuals who
migrated for employment exhibited higher levels of disaster preparedness compared with
local residents. It is essential to acknowledge the substantial impact of both community
dynamics and the surrounding environment on individual disaster preparedness [42]. The
levels of risk and vulnerability differ based on the specific characteristics of each location,
including variations in landforms [43].

Given the increasing threat and consequences of urban flooding exacerbated by climate
change, urgent action is needed to improve technological and community-based responses.
Conventional methods of urban stormwater management and flood risk communication
have proven inadequate, given the increasing frequency and severity of extreme weather
events. Therefore, it is crucial to employ innovative approaches that combine cutting-edge
technological tools with strong community engagement. The application of technology
and comprehensive data analysis can provide accurate information on flood vulnerability
and water security risks. Furthermore, active community participation in preparedness
initiatives holds great promise in significantly reducing the adverse impacts of flooding.

Despite the rapid rise in technology-based flood assessment tools, the existing litera-
ture remains fragmented: predictive modelling studies, spatial analysis approaches, and
community preparedness research have largely developed separately, with little attempt
to integrate them within a single analytical framework. Furthermore, most previous re-
views have catalogued individual technologies without critically evaluating how effectively
these tools translate into measurable community preparedness, particularly in data-poor,
low-income urban contexts. This gap is significant because technological sophistication
alone does not guarantee increased resilience; the practical value of flood risk management
technologies ultimately depends on the extent to which affected communities can access,
trust, and act on the information they generate. To address this gap, this review synthe-
sizes evidence on technology-based urban flood vulnerability assessment and community
preparedness, identifies key barriers to their integration, and establishes a conceptual foun-
dation for a comprehensive urban flood vulnerability index. The study’s research question
is how urban flood vulnerability can be assessed based on the integration of technology
and community preparedness. Specifically, the study will use bibliometric analysis to
provide insights into emerging trends relevant to urban flooding and a systematic review
to delve deeper into existing related research. In doing so, this study contributes both to the
methodological literature on systematic technology assessment and to the policy discourse
on equitable and community-centred flood governance.
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2. Materials and Methods
2.1. Search Strategy

Considerations for selecting articles for this systematic review were articles published
in international scientific journals from 2014 to July 2025 that focused on technology-
based urban flood vulnerability assessment and community preparedness integration. The
database analyzed was Scopus. The search was conducted under the following conditions:
‘urban AND flood” and “community AND preparedness” keywords, all open-access arti-
cles, publication year 2014-2025, article document type, journal source type, and English
language. We ensured that publications that met the search criteria in title, keywords or
abstract were included in this review, depending on the search features allowed by the
database used. The multiple Boolean operators and domain-specific terminology used are
intentionally consistent with a targeted search strategy employed in focused systematic
reviews in interdisciplinary disaster science [44]. The search tables and terms used in the
databases considered are presented in Table 1.

Table 1. Search terms from Scopus sources.

Search Terms from Scopus Sources

Keywords urban AND flood
community AND preparedness
Open Access All open access
Year 2014-2025
Document Type Article
Source Type Journal
Language English

2.2. Bibliometric Analysis

Bibliometric analysis has been used in CE research [45], sustainable development [46],
open innovation [47] and waste management [48]. Bibliometric analysis can identify future
research directions in a field of study by providing the visualization of the relationships
between articles, journals, keywords, citations and co-citation networks [49]. This study
used Biblioshiny and VOSviewer version 1.6.20 to conduct bibliometric analyzes such as
research [50]. This study analyzed research contributions by country and research trends.

2.3. Systematic Review Analysis

After a general article analysis using bibliometrics, this study conducted an in-depth
analysis of the most relevant articles using a systematic review. This will help researchers
to find new findings from the combination of previous studies.

2.3.1. Research Question

This systematic review study adopted PICO from the National Institute for Health
and Clinical Excellence [51]. This framework includes P (population or problem), I (in-
tervention), C (comparator or control), and O (outcome). Population (P) is an urban area
vulnerable to flooding; Intervention (I) is the application of technology and integration of
community preparedness in dealing with flood risk; Comparison (C) is the level of flood
preparedness and vulnerability; and Outcome (O) is the assessment of the effectiveness
of technology and integration of community preparedness in reducing flood vulnerability.
This study then conducted this systematic review through an analysis of 27 relevant articles.
The data extraction process involved the components of flood, urban, preparedness, and
community. This study analyzed technology-based urban flooding and the integration of
community preparedness.
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2.3.2. Inclusion Criteria

The article data was selected by excluding articles that were not relevant to the re-
search topic of technology-based urban flood vulnerability assessment and community
preparedness integration. Next, more specific inclusion criteria were set to ensure that only
the most relevant and high-quality articles were included in the analysis. The inclusion cri-
teria included articles that discussed flooding, rivers, cities, community, and preparedness.
Articles that met these inclusion criteria were then selected for data extraction and further
analysis was assisted by Convidence [51]. The article selection process was conducted
independently to increase the reliability and security of the selection process. Articles that
met the inclusion criteria at various stages were considered for data extraction and analysis.
Thus, data were collected from a number of articles relevant to the research topic.

2.3.3. Trial Flow

In the initial stage of this research, a review was conducted of the title and keywords of
each article to ensure that the articles addressed technology-based urban flood vulnerability
assessment and community preparedness integration. The research workflow involved
identifying articles from the Scopus database (n = 47) and screening for relevant articles.
With the exclusion criteria, 20 articles were eliminated. All 27 relevant articles were included
in this review, with no studies in progress or awaiting classification (Figure 1). The article
selection process reached 100%, thanks to the simple and clear selection criteria. This multi-
stage screening process enabled the researchers to progressively refine the application of the
predefined inclusion and exclusion criteria by comparing screening decisions across the title,
abstract, and full-text review stages. Any uncertainties regarding article eligibility were
resolved through repeated evaluation against the established criteria, ensuring consistency,
transparency, and reproducibility throughout the selection process.

The final 27 articles included reflect a purposive and quality-focused strategy of se-
lection rather than a volume-maximizing one. This is in line with the methodological
tradition of focused systematic reviews, which prioritize depth of analysis and inter-study
comparability over breadth [44,52]. The decision to limit the corpus to articles that explic-
itly reference both technology application and community preparedness but not either
dimension alone necessarily limited the pool of eligible articles. The dual-criteria design
is a conscious methodological decision which maintains analytical focus and improves
the internal coherence of the synthesis. The 27 articles included in the corpus come from
15 countries, four quartile categories, and include research using predictive modelling
(LSTM, ML), spatial analysis (GIS, LIDAR), and community engagement frameworks,
demonstrating a breadth of thematic and geographic diversity that is conducive to mean-
ingful comparative analysis despite the limited size of the corpus. The bibliometric aspect
is used here as an additional perspective for trend visualization, not as an independent
scientometric claim, in line with its application in recent interdisciplinary reviews [48].
However, it is constrained by the size of the corpus.
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Figure 1. Flowchart of the study selection process.

2.3.4. Article Quality Assessment

This study also systematically evaluated the quality of the research included in the
review. Similarly to the previous systematic review study of research [53], the assessment
was based on a set of predefined criteria. Each study was reviewed against the criteria
to ensure a comprehensive understanding of its strengths and limitations. Each quality
criterion (Q1-Q10) was rated as Yes/No according to explicit and predetermined decision
rules based on established quality appraisal frameworks for systematic reviews, namely
the Mixed Methods Appraisal Tool (MMAT) Version 2018 [54]. A “Yes’ result was only
recorded if there was explicit evidence reported in the article, not inferred. Where evidence
was lacking, not described adequately or was equivocal, ‘no” was assigned. Each article
was evaluated against the criteria by two reviewers independently and disagreements
were resolved by discussion and consensus. Table 2 is a quality assessment including the
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following columns: Title, Year of Publication, Author, Country, and answers to ten quality

assessment questions (Q1-Q10). These questions evaluate the important aspects of each

study, ensuring a thorough and standardized assessment process.

Table 2. Quality assessment of research articles (Criteria Q1-Q5).

No Title Journal Country Q1 Q2 Q3 Q4 Q5
Correlates of flood preparedness in
urban households: Evidence from the Environmental
! Greater Accra Metropolitan Area of Challenges Ghana Yes  Yes No Yes Yes
Ghana [55]
Multivariate Hydrological Modelling
Based on Long Short-Term Memory . .
2 Networks for Water Level Information Colombia No Yes Yes Yes No
Forecasting [56]
Urban anthropization: community .
vulnerability and resilience to flood Environmental
3 . ) . Research Com- Congo Yes Yes No Yes No
hazards in eastern Democratic Republic S
munications
of Congo [57]
International
Characterizing flood risk perception in Journal of .
4 urban communities of Pakistan [58] Disaster Risk Pakistan  Yes ~Yes No  Yes No
Reduction
Evaluating the Utility of Selected
5 Machine Learning Models for Predicting  Sustainability Poland Yes Yes Yes Yes No
Stormwater Levels in Small Streams [37]
The rainbo platform for enhancing
6 urban res111enf:e to floods: An efficient Climate Ttaly Yes Yes Yes Yes No
tool for planning and emergency
phases [59]
Vulnerability of human settlements to Journal of
7 flood risk in the core area of Ibadan Disaster Risk Australia Yes Yes No Yes Yes
metropolis, Nigeria [60] Studies
Analyzing flash ﬂpqd risk perception Journal of Flood
through a geostatistical approach in the : .
8 . Risk Spain Yes Yes No Yes Yes
village of Navaluenga, Central
. Management
Spain [61]
Worry about climate change and urban
9 floodmg risk p r.eparedpess m .southern Resources Italy Yes Yes No Yes Yes
italy: A survey in the simeto river valley
(sicily, italy) [38]
Flood Risk Management: The
10 Flood-Prone Area of Phra Nakhon Sri Sustainability Thailand  Yes Yes Yes Yes Yes
Ayutthaya, Thailand [62]
Study of Households Preparedness for EmerHeer?cl:izs and
11 Disasters and Emergencies in West & Iran No Yes No Yes Yes
. . Disasters
Regions of Tehran Province, Iran [63]
Quarterly
Re%at10nsh1p between.c.omr'nur}lty The Malaysian
attitudes and flood mitigation in the .
12 . Journal of Indonesia Yes Yes No Yes Yes
Welang watershed in the Karangketug Nursing

urban village, Pasuruan city [64]
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Table 2. Cont.
No Title Journal Country Q1 Q2 Q3 04 05
Urban flooding: Coping with Weija Dam Journal of
13 spillage by downstream communities in Disaster Risk Ghana Yes Yes No Yes Yes
Ghana [65] Studies
Effectiveness of flood early warning
14 system from the perspective .of experts Environmental Pakistan  Yes Yes No Yes No
and three affected communities in urban Hazards
areas of Pakistan [66]
Conceptualizing risk communication Urban
15 barriers to household flood Australia Yes No No No No
Governance
preparedness [67]
Agent-based modelling and inundation TransZZgizns on
16 prediction to enable the identification of UK Yes Yes Yes Yes No
- . Ecology and the
businesses affected by flooding [68] ;
Environment
Analysis of urban households .
. Environmental
preparedness and municipal and South
17 interventions to build flood resilience in L . Yes Yes No Yes No
: S Sustainability Africa
Durban, South Africa: Implications for Indicators
SDG 11 [69]
A Comparative Assessment of Journal of
Household Flood Disaster Preparedness Community
18 in Flood-prone Rural and Urban Medicine and Nigeria Yes Yes No Yes Yes
Communities in Kaduna State, Primary Health
Nigeria [70] Care
Flood risk perception, disaster
reparedness and response in Journal of
19 pbtep P I, Disaster Risk Nigeria Yes Yes No Yes Yes
flood-prone urban communities of Studies
Rivers State [71]
. . . . . International
A non-immersive virtual reality serious Journal of
20 game application for flood safety . . Italy Yes Yes Yes Yes No
fraining [72] Disaster Risk
Reduction
Predicting road flooding risk with Computational
21 crowdsourced reports and fine-grained putat USA Yes Yes Yes Yes No
. Urban Science
traffic data [73]
Navigating Flood Resilience:
2 Challenges, Solutlons., and Lessons Water UK Yes Yes Yes Yes No
Learnt from the Dominican
Republic [74]
Flood risk assessment and quantification Ir}toeilre:;o;}al
23 at the community and property level in . . USA Yes Yes Yes Yes Yes
Disaster Risk
the State of Iowa [75] .
Reduction
Evaluation of geohazards in the Cape Environmental
24 Girardeau area using LiDAR and GIS, Earth Sciences USA No Yes Yes Yes No
Southeast Missouri, USA [76]
Addressing pluvial flash flooding
25 through community-based collaborative Water USA Yes Yes Yes Yes Yes

research in Tijuana, Mexico [77]
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Table 2. Cont.

No Title Journal Country Q1 Q2 Q3 04 05
Overcoming the Challenges of Water, Environmental The
26 Waste and Climate Change in Asian v Nether- Yes Yes No Yes No
Management

Cities [78]

Climatic and Hydrological Factors
Affecting the Assessment of Flood
27 Hazards and Resilience Using Modified Water Thailand  Yes Yes Yes Yes Yes
UNDRR Indicators: Ayutthaya,
Thailand [79]

lands

Total “Yes’ per Criterion 24 26 12 26 13

Criteria Descriptions

Q1: Research questions clear and relevant to urban flood risk and community preparedness?
(QQ2: Research design and methodology transparently explained and appropriate?

Q3: Technology-based tools clearly described, standardized, and valid?

Q4: Data analysis appropriate and results accurately interpreted?

Q5: Sample size sufficient and representative to reflect vulnerability and preparedness?

Table 2 presents the first five quality criteria (Q1-Q5) for each of the 27 articles re-
viewed. The remaining five criteria (Q6—Q10), along with the Total Score—calculated as
the number of “Yes” responses, with a maximum of 10—are reported separately in Table 3
below to improve readability and avoid layout clutter identified during the review.

Table 3. Quality Assessment of Research Articles (Criteria Q6—Q10 and Total Score).

Total Score

No Title Q@ Q7 Q@ Q9 Qo &0

Correlates of flood preparedness in urban
1 households: Evidence from the Greater Accra Yes No Yes No Yes 7
Metropolitan Area of Ghana

Multivariate Hydrological Modelling Based on
2 Long Short-Term Memory Networks for Water Yes No Yes No No 5
Level Forecasting

Urban anthropization: community vulnerability
3 and resilience to flood hazards in eastern Yes No Yes No Yes 6
Democratic Republic of Congo

Characterizing flood risk perception in urban

communities of Pakistan Yes No Yes No Yes 6

Evaluating the Utility of Selected Machine Learning
5 Models for Predicting Stormwater Levels in Yes No Yes No Yes 7
Small Streams

The rainbo platform for enhancing urban resilience
6 to floods: An efficient tool for planning and Yes No Yes No Yes 7
emergency phases

Vulnerability of human settlements to flood risk in

7 the core area of Ibadan metropolis, Nigeria Yes No Yes No Yes 7
Analyzing flash flood risk perception through a
8 geostatistical approach in the village of Navaluenga,  Yes No Yes Yes Yes 8

Central Spain
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Table 3. Cont.

Title

Q6

Q7

Qs

Q9

Q10

Total Score
(max 10)

Worry about climate change and urban flooding risk
preparedness in southern italy: A survey in the
simeto river valley (sicily, italy)

Yes

Yes

Yes

Yes

Yes

10

Flood Risk Management: The Flood-Prone Area of
Phra Nakhon Sri Ayutthaya, Thailand

Yes

Yes

Yes

Yes

Yes

10

11

Study of Households Preparedness for Disasters
and Emergencies in West Regions of Tehran
Province, Iran

Yes

12

Relationship between community attitudes and
flood mitigation in the Welang watershed in the
Karangketug urban village, Pasuruan city

Yes

Yes

13

Urban flooding: Coping with Weija Dam spillage by
downstream communities in Ghana

Yes

Yes

Yes

14

Effectiveness of flood early warning system from
the perspective of experts and three affected
communities in urban areas of Pakistan

Yes

Yes

15

Conceptualizing risk communication barriers to
household flood preparedness

16

Agent-based modelling and inundation prediction
to enable the identification of businesses affected
by flooding

Yes

No

Yes

17

Analysis of urban households preparedness and
municipal interventions to build flood resilience in
Durban, South Africa: Implications for SDG 11

Yes

Yes

Yes

18

A Comparative Assessment of Household Flood
Disaster Preparedness in Flood-prone Rural and
Urban Communities in Kaduna State, Nigeria

Yes

Yes

Yes

19

Flood risk perception, disaster preparedness and
response in flood-prone urban communities of
Rivers State

Yes

Yes

20

A non-immersive virtual reality serious game
application for flood safety training

Yes

Yes

Yes

21

Predicting road flooding risk with crowdsourced
reports and fine-grained traffic data

Yes

Yes

Yes

22

Navigating Flood Resilience: Challenges, Solutions,
and Lessons Learnt from the Dominican Republic

Yes

Yes

Yes

Yes

23

Flood risk assessment and quantification at the
community and property level in the State of Iowa

Yes

Yes

Yes

Yes

10

24

Evaluation of geohazards in the Cape Girardeau
area using LiDAR and GIS, Southeast
Missouri, USA

Yes

Yes

25

Addressing pluvial flash flooding through
community-based collaborative research in
Tijuana, Mexico

Yes

Yes

Yes

26

Overcoming the Challenges of Water, Waste and
Climate Change in Asian Cities

Yes

Yes

Yes

Yes
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Table 3. Cont.

Total Score

No Title Q6 Q7 Q8 Q9 Q10 (max 10)
Climatic and Hydrological Factors Affecting the
27  Assessment of Flood Hazards and Resilience Using ~ Yes Yes Yes Yes Yes 10
Modified UNDRR Indicators: Ayutthaya, Thailand
Total “Yes’ per Criterion 26 8 20 7 23 6.851851852

Criteria Descriptions

Q6: Methodology, tools, results, and interpretations described in detail, and make new contributions?

Q7: Conflicts of interest and funding sources explained transparently?

Q8: Limitations of the study adequately explained?

Q9: Research results can be replicated or validated, with effort to avoid publication bias?
Q10: Tools and methods valid and appropriate for assessing flood risk and preparedness?

3. Results

In recent years, research on technology-based urban flood vulnerability assessment
and community preparedness integration has become crucial in international research.
Research contributions from different countries have varying numbers of documents and
levels of collaboration. The analysis of bibliometric results is used to show the contributions
of countries in the world in terms of the number of documents, citations and the strength
of the relationship, showing the level of collaboration between countries in research. In
addition, this study analyzes the development of the research focus from 2019 to 2025.
This analysis visualizes the contribution and development of research globally related to
technology-based urban flood vulnerability and community preparedness integration. The
number of documents, citations and level of research collaboration between countries can
be seen in Figure 2.

. Corresponding Author's Countries
Countries

PAKISTAN- .

GHANA-

ITALY-

N. of Documents

Figure 2. Corresponding authors’ countries.

Figure 2 illustrates the distribution of countries based on the number of corresponding
author publications, with a division between single-country publications (SCPs) and cross-
country collaborations (MCP). The United States dominates the number of publications,
followed by India and Indonesia, which have made strong contributions to independent
research. Meanwhile, countries such as the United Kingdom and Pakistan are more
prominent in international collaborations. Thailand, as part of Southeast Asia, also plays
an important role, although its contribution is still limited. Overall, the participation of
Asian countries, including Indonesia and Thailand, reflects the growing potential of global
research. However, cross-country collaborative networks still need to be strengthened to
increase the visibility and scientific impact of this region.

Meanwhile, in addition to country analysis, keyword analysis is also important in
explaining the emphasis of current research directions. Figure 3 shows the most relevant
keywords in disaster-related studies, with “climate change” occupying the top position

https:/ /doi.org/10.3390/urbanscil0070404
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(31 occurrences), followed by “risk assessment” (28), “flooding” (26), and “floods” (23).
The main focus of research appears to be on the relationship between climate change and
flood risk, as well as the importance of risk management and disaster management in the
context of human vulnerability. Keywords such as “flood control,” “vulnerability,” and
“disasters” reflect mitigation efforts as well as impacts on humans. This indicates a research
trend that increasingly emphasizes climate risk assessment and disaster adaptation as an
integral part of flood disaster management.

Most Relevant Words

climate change @
risk assessment @
flooding @

floods @

disaster management @

flood @
 16)

flood control

Keywords Plus

disasters 114)

human Q
vulnerability 14) %.,

0 10 20 30
Occurrences

Figure 3. Most relevant words.

The treemap in Figure 4 also sharpens the current direction of publications by vi-
sualizing the frequency of keywords in scientific publications, showing that topics such
as environmental monitoring and water quality dominate (6% each), followed by rivers,
river pollution, and risk assessment (5% each). Other frequently occurring keywords in-
clude river basin, article, water pollutant, and nonhuman, highlighting the diverse focus
of research, ranging from water quality to specific contaminants such as mercury, lead,
and arsenic. This visualization reflects the broad research trend toward environmental
monitoring and risk assessment, with an emphasis on water pollution and its impacts on
humans and ecosystems, underscoring the growing concern for water security in the face
of increasing contamination threats.

Tree

environmental | risk assessment surfece watery | human | RS
monitoring 208 g 103 to1 101
2% . %
338 5% &
o |
6 /0 i groundwater

sediment | mercury ;
water contamination 100 87 pollution
134 2% 1%

s e contamination | fish COHCeH‘ZEUOH ecosystem | humans
water quality : 188 95 83 (parame e |94 e
338 3% 2% 1% 1% 1% 1%

6%
groundwater anlmals
95
1°/
e 2% .
chemistry dnnkmgwater
i river water |69
rivers river pollution 88 1%

316 267 1%
5% 5%

watersheds
88
1%

Figure 4. Treemap of keyword.
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b, VOSviewer

flood risk

These keywords are then interconnected and form a network visualization that dis-
plays a conceptual map linking the various domains of disaster risk management and urban
planning (Figure 5). Key nodes such as “risk assessment,” “disaster management,” “climate
change,” and “flooding” form thematic clusters that are interconnected through edges with
varying weights, indicating the strength of correlation between concepts. The network
structure shows three dominant clusters that are visually distinguished by colour gradients:
a red cluster that focuses on flood risk and management aspects (flood risk, risk perception,
preparedness), a blue cluster that concentrates on policy and assessment dimensions (haz-
ard assessment, vulnerability, disaster prevention), and a green cluster that emphasizes
the geographic and socio-economic context (Australia, human, socio-economics). This
topological configuration of the network implies that disaster risk management is an inter-
disciplinary domain that requires the integration of technical, social, and policy approaches
in a specific spatial context, with flooding and climate change as critical links between
these domains.

urban planning
coastal zone [ united states

hazard assessment vulner‘ability

disaster preparedness

disaster managemlaagard management

disaster prevention S St
resilience
risk assessment disasters
flood e human ~ humans
flood control
climateichange AR
fisk neggpei flooding article  disaster planning
decision making Urban population
urbanarea socloeconomics
preparedness mitigation
- forecasting

flood risk management risk management

urbanization

Figure 5. Co-occurence of keyword.

This Sankey diagram also shows the thematic evolution in the scientific literature from
2014-2023 to 2024-2025, with initial dominant themes such as climate change, disaster risk
reduction, and disaster preparedness evolving into more specific issues such as flood risk,
risk perception, flood risk management, and resilience. This shift in thematic flow reflects
the shift in research focus from macro issues related to climate change to micro approaches
emphasizing flood risk mitigation, preparedness, and adaptation to future climate disasters
(Figure 6).

https:/ /doi.org/10.3390/urbanscil0070404


https://doi.org/10.3390/urbansci10070404

Urban Sci. 2026, 10, 404

14 of 30

2014-2023

disaster risk reduction

climate change adaptation

2024-2025

flood risk F

flood risk management

climate change

risk perception

disaster preparedness

climate change

resilience

[ | disaster preparedness

Figure 6. Thematic evolution of keyword.

Systematic Review Results

Among the 27 selected studies, 15 were published in Q1 journals, followed by eight in
Q2 and four in Q4. The studies originated from a geographically diverse range of countries.
Q1 publications were distributed across North America, Europe, Asia, and Africa, while Q2
and Q4 publications also represented multiple regions. Figure 7 illustrates the geographical
distribution of the selected studies according to journal quartile.

Article Distribution by Quartile

H Q1
, N Q
;‘\' [ oY

i .4

Powered by Bing
Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, TomTom, Zenrin

Figure 7. Article distribution of quartile.

There were 27 research articles analyzed on technology-based urban flood vulnerabil-
ity and community preparedness integration. The selected studies have been summarized
based on findings ranging from urban flood vulnerability, technology application to the
level of community preparedness. This can illustrate the development of research and key
contributions to the study of urban flood vulnerability by applying technology and inte-
grating community preparedness. The core research including innovations and discoveries
has been presented based on the objectives, methods, and conclusions in Table 4.
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Table 4. Core of the research.

No Title Research Objectives Research Methods Research Conclusions
Correlates of flood preparedness Investigate some of the factors that  Integration of survey data with ;J;Ihfel(l)r;lfOi“tearla(;zgrflgssn:flfl;lrr;tywli?}r olvement
in urban househol dF;' }IEDvi dence drive households” decision-making meteorological and hydrological data to instituti (f)naf sUpPort for communit

1 P he G A i to prepare for floods and policy assess the effectiveness of flood early . ith PP dinated di y
rom the treater Accra options for managing floods warning systems and the role of opiions with coordinated disaster
Metropolitan Area of Ghana in Ghana commumities in improvine preparedness mitigation adaptation to effectively reduce
' p & prep ' the impact of flooding in urban areas.
Buildine flood prediction and Construct a multivariate LSTM artificial
Multivariate Hvdrological reventigon wit}lf the development of neural network model with data from two  The multivariate LSTM artificial neural
Modellin Baseyd on Lgon Eon Short-Term Memor I()LSTM) hydrological stations, namely water level, network model is proficient in the analysis
2 Short—Ter%n Memorv Ne t%vorks neufal networks and incr}elzasin flow and rainfall measurements, so as to of complex dynamics and cross-correlation
for Water Level Fochas tin ublic awareness so that the le\f/;el of learn the long-term dependence between of hydrological data, so it can be proposed
& pre aredness increases successive data series for water as an effective flood early warning system.
prep ’ level prediction.
Spatial analysis of land use and land change As the level of Vulne.rab¥11ty to flooding is
ca . . influenced by urbanization, household
. . by considering community perceptions of s
o To analyze land use change in Uvira o S resilience can be assessed by the area where
Urban anthropization: vulnerability and flood mitigation measures : . : ;
community vulnerability and from 1995 to 2021 and to assess the obtained from direct surveve of flood people live and their socio-economic and
e Y yal vulnerability and effectiveness of . o y institutional lifestyles. Preventive and
3 resilience to flood hazards in . 1 . survivors living in refugee camps and those . . .
. : community resilience strategies in . . sustainable interventions should be
eastern Democratic Republic . ) who have returned to their places of origin.
of Coneo responding to flood impacts or The Mann—Whitnev U statistical test was undertaken by the government and relevant
& future flood risks. Y, . . stakeholders to stimulate community
used to analyze the influence of residential . R
location and household lifestyle awareness and involvement in disaster
’ risk management.
Historical floods and proximity to hazards
. influence flood risk perceptions in urban
Understanding risk perceptions Oocl{j;r_lf:g; ;f:i;giiiég;ii)\]:?ja lied communities in Pakistan, highlighting the
Characterizine flood risk through socio-economic factors that to analvze dagta from all communitiesp spatial variability of socio-economic
erizmg have a direct impact on potential Y . determinants such that disaster risk
4 perception in urban collectively so as to check the consistency

communities of Pakistan

disaster adaptive capacity and
preparedness and thus appropriate
disaster risk reduction strategies.

and validity of the interpreted results by
comparing the impact of socio-economic
factors across different urban areas.

communication and flood risk reduction
strategies tailored to the unique
characteristics of different urban
communities need to be undertaken by
disaster risk management authorities.
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Table 4. Cont.

No Title

Research Objectives

Research Methods

Research Conclusions

Evaluating the Utility of Selected
5 Machine Learning Models for Predicting
Stormwater Levels in Small Streams

Evaluate the effectiveness of the Artificial
Neural Network (ANN) and XGBoost
learning models, in accurately predicting
maximum rainwater levels in small streams,
identifying meteorological and hydrological
factors that influence predictions and
assessing the potential of the models to
improve flash flood forecasting, especially in
small watersheds that require

rapid response.

Using ANN and XGBoost models, to predict rainwater
levels based on meteorological and hydrological data
such as rainfall depth, rainwater level, air temperature,
and dew point temperature. Identification of the most
significant factors influencing the model using Shapley
Additive exPlanations (SHAP) analysis. Evaluation of
model performance with Root Mean Square Error
(RMSE) and R-squared R?) to compare its

prediction accuracy.

The ANN model outperforms the XGBoost model in
predicting the maximum rainwater level in small rivers;
the most important factors affecting the prediction are
the temporal rainfall distribution and the previous
rainwater level with high accuracy. This modelling
approach can be adapted to other regions.

The rainbo platform for enhancing urban
6 resilience to floods: An efficient tool for
planning and emergency phases

An assessment of the effectiveness and
efficiency of the RainBO platform in
supporting decision-makers in disaster
management so as to improve urban flood
resilience by integrating meteorological,
hydrological and regional data.

Integration of real-time meteorological, hydrological
and territorial data into the RainBO platform was
evaluated through a case study.

Comparison of RainBO with URBAN-PREX,
RAINGAIN, and STAR-FLOOD. Platform analyzes,
including vulnerability mapping, hydrological
simulation models, early warning systems, and
operational reliability of the platform’s rainfall
monitoring system by technology.

The RainBO platform is capable of combining territorial
data, historical records, real-time monitoring, and
modelling techniques, improving cities’ resilience to
flooding by integrating multiple data sources and
providing comprehensive support for decision-making
in flood management.

The RainBO platform is capable of combining territorial
data, historical records, real-time monitoring, and
modelling techniques, improving cities’ resilience to
flooding by integrating multiple data sources and
providing comprehensive support for decision-making
in flood management.

The RainBO platform is capable of combining territorial
data, historical records, real-time monitoring, and
modelling techniques, improving cities’ resilience to
flooding by integrating multiple data sources and
providing comprehensive support for decision-making
in flood management.

Vulnerability of human settlements to
7 flood risk in the core area of Ibadan
metropolis, Nigeria

Evaluate the vulnerability of settlements to
flood risk, focusing on factors that influence
vulnerability and propose effective
mitigation measures to reduce the impact of
flood disasters in urban areas.

Evaluate the vulnerability of settlements to
flood risk, focusing on factors that influence
vulnerability and propose effective
mitigation measures to reduce the impact of
flood disasters in urban areas.

A multi-method approach involving spatial analysis,
field surveys and interviews with local residents.
Remote sensing and GIS to map flood-prone areas
(spatial data), surveys and interviews to collect
socio-economic data on community perceptions and
strategies. All data were statistically analyzed to
determine the relationship between variables
influencing vulnerability and the effectiveness of
mitigation strategies.

Urban flood vulnerability to flood risk is influenced by
a combination of physical factors, such as topography
and land use, and socio-economic factors, such as
income and access to infrastructure. In addition,
community preparedness has not been balanced due to
the lack of coordination of relevant stakeholders as well
as community awareness and participation.
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No Title Research Objectives Research Methods Research Conclusions
To 1f:1ent1fy the social, economic and . Ideptl.fy sp.atla.l patterns .'?nd fficto‘rs contributing to The perception of flash flood risk in Navaluenga village
. . . environmental factors that influence risk variations in risk perceptions in different parts of the s - . o
Analyzing flash flood risk perception . . . . L . is influenced by proximity to the river and historical
o . perceptions among local residents, and to village using a geostatistical approach from direct . .
8 through a geostatistical approach in the : : . . flood experience. A locally tailored approach to flood
. . evaluate how these perceptions may survey data on personal experiences with flooding, . . .
village of Navaluenga, Central Spain ) - - . risk management and community engagement is
influence preparedness and response to perceptions of flood risk, and preventative measures 2
. . needed to improve flood preparedness.
flash flooding. taken by Navaluenga villagers.
A large-scale survey was conducted, collecting data
from over 1000 residents of the Simeto River Basin.
The survey included a combination of multiple-choice
Assessing the relationship between and Likert-scale questions from over 1000 Simeto River . .
c : . . ) High levels of awareness of climate change are not
community awareness of climate change and  Basin residents designed to measure concern for . .
. . . accompanied by increased urban flood preparedness or
Worry about climate change and urban urban flood preparedness, as well as climate change, knowledge of appropriate flood oy . - . .
A ; s . . ., . . NS willingness to invest in flood adaptation among Simeto
flooding risk preparedness in southern willingness to engage in appropriate response and willingness to invest in flood mitigation . . . . .
9 . ) . - . L. - River Basin residents. There is a gap between climate
italy: A survey in the simeto river valley = emergency response during flood events and ~ measures. Data analysis included cross-sectional . . .
L ) X . K . change awareness and practical resilience behaviours,
(sicily, italy) proactive approaches to sustainable analysis for correlations between climate change oo . .
: - . - . . indicating that education and media efforts are not
infrastructure investment in the Simeto River ~ concerns and flood preparedness, as well as regression . . . .
IR . . 1 sufficient to improve community preparedness.
Basin, Sicily. models to test factors influencing willingness to adapt
and qualitative insights from community discussions
and media content analysis to contextualize
survey findings.
Evaluate and improve ﬂ09d rlSk. . Surveys and assessments of flood risk indicators,
management strategies with the integration - A o
- including infrastructure resilience and emergency . . .
of multi-stakeholder engagement, . ) N The alignment of expert assessments with community
g3 e . - o . response effectiveness as well as interviews and focus . .
Building a Resilient City through infrastructure resilience, and community ) . perspectives on flood preparedness with awareness
. . groups involving local stakeholders, experts and . L
Sustainable Flood Risk Management: preparedness to propose a management . . and effective coordination has not been balanced,
10 . community members to understand perceptions, L . .
The Flood-Prone Area of Phra Nakhon framework tailored to the needs and . necessitating a multi-faceted approach that integrates
. . . . challenges and gaps in current flood management L
Sri Ayutthaya, Thailand challenges in Phra Nakhon Sri Ayutthaya : L stakeholder collaboration, infrastructure and strong
. strategies assessed by Analytic Hierarchy Process . .
based on the effectiveness of current flood . disaster response mechanisms.
- . . . (AHP) and Spearman correlation so as to evaluate and
resilience strategies and identify L s
o . . prioritize flood resilience factors.
opportunities for continuous improvement.
Evaluate and assess the effectiveness of the .
. . - . . . . Household preparedness levels in the western and
disaster assessment and education guide The study design was a cross-sectional design using northwestern regions of Tehran Province were low
Study of Households Preparedness for provided by the Ministry of Health, and data from the ‘Disaster Assessment and Education g gons "
X L £ X K 1 R with significant variations between health centres. The
11 Disasters and Emergencies in West identify strengths and weaknesses in Guide’ covering 314 health and therapy centres

Regions of Tehran Province, Iran

household preparedness to reduce the
impact of disasters and emergencies in the
western region of Tehran Province in 2018.

covering 1,726,803 households in the western region of
Tehran Province provided by the Ministry of Health.

efforts of the health centres should be accompanied by
an increase in the level of education and disaster
preparedness of the community.
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No Title Research Objectives Research Methods Research Conclusions
A cross-sectional survey with a structured
Analyze the relationship between different questionnaire was used to assess community attitudes
attitudes towards flood risk influencing the towards flood risk and their involvement in mitigation . L . .
. . . . . . . . There is a significant correlation between proactive and
Relationship between community implementation and success of flood efforts which was analyzed using Spearman correlation . . . .
. e I . . . . e informed community attitudes towards flood risk
attitudes and flood mitigation in the mitigation strategies at the community level  analysis to determine the strength and significance of . . o
12 . 2 . . . . : increasing preparedness and community involvement
Welang watershed in the Karangketug and evaluate the impact of these attitudes on  the relationship between community attitudes and the . =~ ™" © . .
. . . . e in mitigation practices, and the effectiveness of flood
urban village, Pasuruan city flood preparedness and response in the effectiveness of flood mitigation efforts, as well as the O .
: . . . . . mitigation measures in the Welang watershed.
Welang River Watershed in Karangketug incorporation of local secondary data and interviews
Village, Pasuruan City. with stakeholders to provide an understanding of flood
mitigation in the Welang watershed.
The survey assessed the level of flood impact, coping Communities downstream of the Weija Dam rely
strategies, and perceptions of institutional support. heavily on family and social networks for post-flood
Identify the socio-economic impacts and Structural adjustments to buildings and recovery, with insufficient support provided by
challenges of the Weija Dam spill on community-based responses were also analyzed. government agencies. Structural adjustments to
Urban flooding: Coping with Weija Dam  downstream communities in Ghana, with Qualitative data was used to provide insights into the ~ buildings and drainage systems have been adopted as
13 spillage by downstream communities countermeasures adopted by residents, effectiveness of government interventions, including coping mechanisms by some residents, but are
in Ghana effectiveness of institutional support, and the activities of the National Disaster Management inadequate despite recurrent flooding. Stronger,
potential strategies to improve Agency (BNPB). In addition, spatial analyzes were community-based flood management strategies, better
flood resilience. conducted to assess flood-prone areas and evaluate the ~ government support and improved early warning
effectiveness of existing flood systems are needed to reduce the vulnerability of
management infrastructure. communities to future flood events.
Expert interviews and focus group discussions were
Evalqatlng the effectiveness of flood early Fonducted to gather 1n51ghts on existing flood SPD Flood EWS in Pakistan has the potential to significantly
warning systems (EWSs) from the infrastructure, data collection, processing, and o - - . O
. . . ; S . . mitigate flood risk, but its effectiveness is limited by
Effectiveness of flood early warning perspective of experts and affected urban dissemination mechanisms. Simultaneously, a survey o . :
. e P . technological inadequacies and a lack of community
system from the perspective of experts communities, identifying challenges and was distributed to three flood-prone urban - R
14 o . . ) o - . trust and understanding, making it important to
and three affected communities in urban  gaps and integration of community communities to assess their awareness, understanding, . .
- o - A . . . improve EWS infrastructure and two-way
areas of Pakistan engagement in improving the reliability and  and trust in EWS. Data were analyzed using thematic S . .
. : - - - e communication that includes active
responsiveness of EWS to reduce flood risk analysis for qualitative data and descriptive statistics ; S
. . I . . community participation.
in urban Pakistan. for quantitative data to identify patterns and
correlations related to EWS effectiveness.
A systematic approzfmh to reviewing the existing Effective risk communication is key to improving
. . .. literature on flood risk communication and household | . .
Identify and analyze risk communication reparedness involves crifically analyzing previous households’ flood preparedness, but there is a barrier
Conceptualizing risk communication barriers that affect households’ flood prep e y yzmg p of a mismatch between the messages conveyed and
15 research and considering theories of adaptive

barriers to household flood preparedness

preparedness and evaluate risk
communication strategies currently in use.

behaviour and how they can be applied in the research
design to evaluate the effectiveness of flood
risk communication.

households’ risk perceptions, which requires the design
and implementation of educational programmes as an
integrated communication strategy.
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No Title Research Objectives Research Methods Research Conclusions
Develop an agent-based model that identifies ~ Geo-flood modelling and agent-based simulation for
affected businesses in urban areas, using inundation prediction integrated with OS MasterMap  Agent-based modelling, combined with precise
Agent-based modelling and inundation ~ inundation predictions and detailed business  helped classify and map businesses based on flood risk.  inundation predictions, provides insight into the
16 prediction to enable the identification of ~ classifications to improve business In addition, interviews with businesses that have vulnerability of businesses to flooding in urban areas,
businesses affected by flooding preparedness and response strategies in experienced flooding were conducted, extracting key making it important to develop tailored flood
flood-prone areas, particularly in the Lower  attributes and behaviours to accurately model business  preparedness strategies.
Don Valley area of Sheffield. responses to flood events.
The survey approach related to data on flood-related
To evaluate and identify the factors that experiences, levels of preparedness, access to flood Municipal interventions face significant challenges in
Analysis of urban households influence household preparedness levels, insurance, and the psychological impacts felt by terms of flood warning communication and access to
preparedness and municipal psychological impacts, the role of households in urban areas of Durban that are affordable flood insurance. The psychological impact of
17 interventions to build flood resilience in ~ communication and flood insurance and vulnerable to flooding. Statistical analyses were used to  trauma requires mental health support. There is a need
Durban, South Africa: Implications for assess the effectiveness of municipal interpret the data and evaluate the effectiveness of to improve flood warning communication systems to
SDG 11 interventions in building flood resilience in municipal interventions in building flood resilience, make them more effective and accessible to all levels
Durban, South Africa. including an evaluation of the flood warning of society.
communication system in use.
Identify factors that influence the level of Surveys were conducted to assess household
. flood dlsastgr preparedness among - preparedness for ﬂpodmg, whl.le in-depth interviews Most households in rural and urban communities in
A Comparative Assessment of households in rural and urban communities ~ were conducted with community leaders and SEMA .
. . L L. . . . K . . Kaduna state are unprepared for floods, with lower
Household Flood Disaster Preparedness  in Kaduna state, Nigeria and evaluate officials to identify differences in perceptions regarding . . -
18 . . . - . - - preparedness due to lack of training and first aid
in Flood-prone Rural and Urban community awareness, available resources the effectiveness of disaster management interventions. equipment. as well as unavailability of early warnin
Communities in Kaduna State, Nigeria and the effectiveness of interventions by Significant differences between household quipment, ty y 8
oo . . ) systems in rural areas.
government agencies in preparing preparedness in the two regions were analyzed and
households for potential floods. factors affecting preparedness were identified.
Cross-sectional survey design, collecting data from
households in flood-prone urban communities in Awareness of flood risk among urban households in
. Rivers State using a structured questionnaire. Rivers State has not closed the disaster preparedness
Assess the vulnerability of . .o e - S -
. . . Descriptive statistics and stepwise discriminant gap, especially among those living in low-lying
socio-demographic factors such as flood risk : . . ) : . . .
. . . . . analysis were used to evaluate the relationship between  floodplain areas. Socio-demographic factors, including
Flood risk perception, disaster perception, disaster preparedness, and . - . . . .
. . . socio-demographic variables (such as age, household age, household size, and risk perception, play an
preparedness and response in response strategies of urban households in . c . - . . .
19 size, flood risk awareness, and risk perception) and important role in determining the level of preparedness.

flood-prone urban communities of
Rivers State

flood-prone areas of Rivers State, Nigeria, by
examining their flood risk perception,
disaster preparedness, and

response strategies.

disaster preparedness. The analyses focused on
differentiating between flood-prepared and unprepared
households, based on their perceptions and adaptive
capacity. The study also examined the impact of
geographic location and previous flood experience on
the level of preparedness.

Stronger community engagement and education on
flood risks, as well as the importance of addressing
structural vulnerabilities, such as inadequate drainage
systems and unplanned urban development, are
needed to improve overall flood resilience.
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No Title Research Objectives Research Methods Research Conclusions
A quasi-experimental approach involved participants
. participating in a training session with an interactive
Deve?lop anq test .the effecn.veness of a . story module simulating an urban flood scenario using . . .
non-immersive virtual reality-based serious a non-immersive virtual reality-based serious game The results of the training showed an increase in the
A non-immersive virtual reality serious 5N application, evaluate the impact of application. An assessment o f}imowle dee riskg participants” understanding of evacuation measures
lication for flood y technology-based training on participants’ pprcation. d behavi 1i . 8¢ and mental preparedness in dealing with floods. The
20 game application for floo . : perception and behavioural intention to evacuate was . . f
.. knowledge, evacuation behaviour and s . . technology can be integrated into urban flood
safety training A . conducted by filling out questionnaires before and after o -
response in simulated flood situations, and - .2 preparedness training programmes with further
; the training. Statistical analyses were conducted to -
implement the use of technology as part of ) h in th iabl d qualitati development of the training modules.
urban disaster mitigation strategies evaluate changes in these variables, and qualitative
’ interviews were used to assess participants” experiences
and potential improvements to the application.
Developed a flood risk prediction model Random forest and AdaBoost modelling, trained with
usin cfow dsourced da}t)a from user reports topographic, hydrological, and temporal rainfall The combination of rainfall temporal factors with
and %ra ffic data to evaluate the e ffectivI; ness datasets, as well as crowdsourced flood report topography and hydrology can predict the flood risk of
of combining topoeraphic. hvdrological and information via the Waze app and traffic speed data roads, especially under extreme storm conditions such
Predicting road flooding risk with rainfall feat fresling relzlictin yroa d goo din from INRIX from two storm events in Harris County. as Hurricane Harvey. The random forest model is better
21 crowdsourced reports and fine-grained . P 8 8 Analyzes were conducted to assess each factor in than AdaBoost at predicting roads at risk of flooding,
P & during extreme storm events, as well as Y P & 5
traffic data com §rin random forest an crl AdaBoost. in predicting the probability of flooding on roads and to especially in slow-moving, heavy rainfall storms. The
detelstin go tentially flooded roads and ! compare the performance of the two models in integration of crowdsourced data and traffic data can
un derstagnlilin the K)le of different Fpes of different storm cases. Model validation was done by be an effective tool in disaster mitigation planning and
data in im ro%in flood risk pre dicti}g; measuring the AUC (Area Under the Curve) value to community flood preparedness.
P & P ’ evaluate the prediction accuracy.
Using a community resilience framework to assess
Identify innovative strategies and physical, economic, env1r0nrpental and social . The application of innovative technologies and a
y & reparedness in the face of disasters, by analyzing data Pp 5
Navigating Flood Resilience: Challenges technologies that can be applied to improve IfDrorI; multiple sources, includin; me,tleolo }i,cal (giata comprehensive disaster resilience framework can
22 Solut%ons gand Lessons Lear.nt from tl%e * the preparedness and resilience of urban expert intefviews and,relevant i%\ternationalgcase " significantly improve the flood preparedness and risk
L. R communities to flood risks, and to evaluate P . X R management in Santo Domingo. Pentahelix
Dominican Republic . . e studies. Integration of blockchain-based technology S . : .
the effectiveness of disaster resilience : . . collaboration is essential in dealing with the challenges
o1 and swarm intelligence to develop technological .
frameworks applied in the local context. . - of urban flooding.
solutions that can support disaster preparedness and
management in Santo Domingo.
Integration of survey data from communities with
Evaluating the level of vulnerability and meteorological and hydrological data. Data analysis
identification of key factors affecting was conducted using statistical and geospatial The integration of technology and community
Flood risk assessment and quantification preparedness, application of data-driven modelling methods to assess the relationship between  participation is critical for improving flood
23 at the community and pro;lerty level in technologies to strengthen early warning community preparedness and variables such as preparedness in urban areas. Communities with access

the State of lowa

systems, and raising awareness of flood risks
among urban communities by utilizing the
integration of technology and

community engagement.

weather conditions, water flow patterns and land use
change. The application of geographic information
system (GIS) technology and hydrological modelling
was used to predict flood risk and assess the
effectiveness of early warning systems.

to technology-based early warning systems show
higher levels of preparedness than those
without access.
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No Title Research Objectives Research Methods Research Conclusions
Using high-resolution LiDAR and geospatial data to The Cape Girardeau area is quite vulnerable to various
conduct a comprehensive analysis of the topography geohazard threats, with landslide risk particularly
and geomorphology of the Cape Girardeau area. Using  prominent along the southeastern erosional cliffs of
GIS-based spatial analysis, this research mapped the Crowley’s Ridge. The analysis highlights the important
Assess and map the Cape Girardeau region’s distribution of landslide susceptibility and identified role of rainfall and hydrology in triggering and
Evaluation of sechazards in the Cape vulnerabilit topvariousI,D cological haz‘gr ds important factors that contribute to geohazard risk, worsening these geohazards, as well as the potential for
o4 Girardeau are§ using LiDAR and GI;S includin la}1,1 dslides sin%(holei and ofher ’ such as rainfall patterns, hydrological conditions, and  sinkhole formation in karst-prone areas. The research
Southeast Missouri %JS A ! seismic—rila ted risks’usin a dvla nced LIDAR underlying geology. Field observations and field emphasizes the need for targeted risk mitigation efforts,
! and GIS technolo ie;; & surveys were conducted to validate the remote sensing  including improved infrastructure resilience and
gles: data and document the physical characteristics of the community preparedness, to address the identified
identified geohazard sites. The study also used vulnerabilities. The integration of geospatial
Generalized Weighted Linear Regression (GWLR) to technologies such as LIDAR and GIS into regional
rank and quantify the relative risks to people, property  disaster risk management practices can effectively
and infrastructure in the various zones. monitor and manage geohazard risks.
A collaborative approach, community-based research
(CM.)’ household SUEVeys, focys groups, training A collaborative, community-based approach to flood
. sessions, and consultations with experts to gather data R .
Integrate community-based research X ) hazard modelling significantly increased the relevance
: . on local flood risks and community needs. . e
. . . (residents, government and NGOs) with . g and effectiveness of flood risk visualizations for
Addressing pluvial flash flooding . - Hydrological models, specifically FloodRISE-C and - .
. . flood modelling to address Pluvial Flash . end-users in Tijuana. Integrating local knowledge and
25 through community-based collaborative . . . FloodRISE-G, were developed and refined based on . . . .
P - Flood (PFF) risk and to improve flood risk . . . addressing community-specific flood scenarios, the
research in Tijuana, Mexico LT feedback from end-users. Spatial analysis and scenario L
management and planning in . . research produced a set of flood hazard visualizations
. . modelling were conducted to produce various flood e .
resource-constrained urban environments. : - ) . that are scientifically robust and practically useful for
hazard visualizations, including maps of flood depth, flood risk planning and response
flood strength and erosion potential, tailored to P 8 P ’
community needs.
U.S ing the Clt.y Blueprint Framework and the Global Cities with greater social, environmental and financial
City Flood Risk Framework to assess the governance
. N . pressures tend to have lower water management
TS capacity and performance of Asian cities in addressing I, ;
Evaluate variations in cities” performance challenges related to water. waste, and climate change performance, while cities like Seoul and Singapore are
Overcoming the Challenges of Water, and capacity in managing these risks and with in(%icator assessment (:la ta s t;kehol der in’terviesgvs excellent at water conservation and climate-resilient
26 Waste and Climate Change in understand how cities can improve their ’ ’ urban management. Adequate education and good

Asian Cities

performance through learning and
knowledge exchange.

and literature review. Analyzes were conducted to
identify factors influencing cities” performance in water
management and climate change, and to explore
potential improvements through

cross-city collaboration.

governance are key enablers for improving city
capacity and the need for a holistic and inclusive
approach to urban water management to achieve
sustainable and resilient outcomes.
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Table 4. Cont.

No Title

Research Objectives

Research Methods

Research Conclusions

Climatic and Hydrological Factors
Affecting the Assessment of Flood
Hazards and Resilience Using Modified
UNDRR Indicators: Ayutthaya, Thailand

27

Assess flood risk based on land use, rainfall,
and surface runoff using a modified
indicator approach from UNDRR, evaluate
community flood preparedness and assess
resilience strategies adopted by local
residents in the face of flood disasters.

Analytic Hierarchy Process (AHP) and Geographic
Information System (GIS) approach to assess flood
hazard and community resilience with survey data (on
flood preparedness, access to basic services, and
participation in community preparedness training) of
522 respondents in Ayutthaya. Meteorological and
hydrological data were also used to identify key factors
affecting flood risk. Spearman correlation analysis was
used to link community preparedness with flood
warning information, community hazard maps, and
disaster relief payments.

Surface runoff is the most significant hydrological
factor affecting flood risk in Ayutthaya, followed by
land use and rainfall.

The survey showed that half of the respondents did not
receive flood-related information or disaster relief, and
the majority had never been involved in community
preparedness training. There is a need to increase
community participation in flood preparedness
training as well as better access to emergency services
and disaster-related information.
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A comparative analysis of the 27 included studies shows three levels of
technology—community integration performance. Studies based on predictive modelling
technologies (LSTM, ML, agent-based simulation: [37,56,68,73]) consistently reported high
technical accuracy but low community co-production, with technology outputs provided
to communities rather than developed with them. On the other hand, community-focused
studies [38,58,64,71] achieved a higher level of engagement but they were based on self-
reported perception data with limited methodological triangulation. Consistent “Yes’ across
quality criteria Q3, Q5, Q7 and Q9 for these high-integration studies suggests method-
ological rigour and community engagement covary rather than trade off. Q3 reported
standardized technology tools. The finding that only 11 of 27 articles (41%) reported stan-
dardized technology tools supports the conclusion that technology implementation in this
domain is inconsistent and under-reported, and this is the gap that the proposed urban
flood vulnerability index is intended to fill.

4. Discussion

Based on the data on research quality (Table 1) above, 24 articles had research questions
relevant to urban flood risk and community preparedness (Q1). A total of 26 articles clearly
explained the design and methodology (Q2). A total of 11 articles described standardized
and valid technology-based tools (QQ3). A total of 25 articles analyzed data with accurate
interpretation of results (Q4). Representative sample sizes to show vulnerability and
preparedness were found in 13 articles (QQ5). A total of 26 studies made novel contributions
with detailed descriptions of methodology, tools, results and interpretation (Q6). Seven
articles explicitly described conflicts of interest and funding sources (Q7). A total of
21 articles explained the limitations of the study (Q8). A total of seven articles explained
that the research results could be replicated or validated to avoid publication bias (Q9).
There were 23 articles using valid and appropriate tools and methods for flood preparedness
risks (Q10). Articles from Thailand (10 and 27), Italy (20), and USA (23 and 25) fulfilled all
criteria for assessing article quality. Of the 27 articles, 11 described the use of standardized
technology-based tools. This shows the potential for increased involvement of technology
in the field of urban flood research and community preparedness integration. This is
supported by the research results of Bakhtiari et al. (2024), which show that integrating the
adoption and effectiveness of flood visualization technology into policies and regulations,
providing funding and support, and promoting data accessibility and sharing ultimately
leads to increased flood resilience [80].

The four major technology categories identified in this review, namely LSTM-based
predictive modelling, GIS/LiDAR-based spatial analysis, crowdsourced data platforms,
and blockchain-based information integrity systems, differ substantially in their data
requirements, scalability, and community accessibility. LSTM models [56,73] are promising
for flood prediction with high temporal resolution, but they require continuous high-quality
hydrological time-series data, thus limiting their use in data-sparse urban settings common
in the Global South. Crowdsourced platforms such as flood reporting integrated with
Waze [73] could enable real-time community data contribution, but they are affected by
spatial and demographic user biases in their reliability. Blockchain applications [74] provide
verifiable data provenance for early warning systems, but remain at the prototyping stage
and encounter major barriers in low-bandwidth, low-digital-literacy contexts. Importantly,
none of the studies reviewed have deployed more than two of these technologies in an
integrated pipeline and none have rigorously assessed end-user trust, interpretability or
behavioural response, gaps that the proposed urban flood vulnerability index must be
explicitly designed for. Recent developments in image-based flood depth recognition are an
emerging frontier with significant potential for community-facing applications, outside the
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technology categories covered in the reviewed corpus. Deep learning models with attention
mechanisms such as the CBAM-improved ResNet50 models used in urban waterlogging
disaster classification [81] can learn to directly extract flood depth estimates from visual
inputs. This allows for damage assessment to be performed quickly and affordably without
the need for specialized sensor infrastructure. No studies in the present corpus adopt this
approach, but it should be incorporated into future urban flood vulnerability frameworks,
particularly in dense urban environments where traditional hydrological sensor networks
are insufficient or non-existent, with implications for long-term water security in flood-
prone cities.

Technology is starting to be applied in flood mitigation efforts. The trend has started
since 2022 to 2024. The integration of advanced technology with community-based pre-
paredness metrics shows significant progress in assessing urban flood vulnerability. The
gap in technology implementation and community involvement needs to be balanced with
the development of a comprehensive urban flood vulnerability index so that it can provide
a holistic approach. The study uses the development and utilization of LSTM multivariate
artificial neural network technology for predictive hydrological modelling, crowdsource
data combined with traffic information for real-time updates and LiDAR and GIS for ac-
curate topographic analysis. In addition, blockchain technology ensures the reliability of
information used in flood predictions. The role of community preparedness in flood risk
mitigation efforts can be assessed from perceptions, as well as community involvement
in training and household social communities which are important for measuring the
community’s ability to respond to and recover from flood disasters. Disaster preparedness
encompasses different levels of readiness, including community, institutional, household,
and individual levels. In rural areas, most disaster preparedness initiatives focus on house-
hold readiness [82-88]. Most communities have not been provided with flood information
nor have they participated in training sessions focused on flood preparedness [62]. The
innovation and development of education and public engagement with non-immersive
virtual reality interfaces and simulated flood hazard visualizations are needed so that flood
risk information is accessible and understandable to all.

Real-time data integration through platforms such as RainBO increases the adapt-
ability and relevance of urban flood vulnerability indices, allowing for risk updates and
evolution based on current meteorological, hydrological and territorial data. Interventions
of socio-economic and institutional factors, such as household economic resilience and
the effectiveness of institutional responses, ensure that vulnerability assessments take into
account the broader social context. The application of machine learning algorithms allows
urban flood vulnerability indices to continuously evolve with refinements to assessments
based on new data and community feedback.

A key finding of this review is that the technology-community engagement gap per-
sists across almost all contexts studied, and this calls for a more nuanced understanding
of what ‘community engagement’ actually means in flood risk governance. The reviewed
literature identifies at least three different modes of engagement that are often conflated:
(1) passive information reception (communities as recipients of flood warnings or risk
maps); (2) participatory data co-production (communities as active contributors of local
knowledge, crowdsourced observations or behavioural feedback); and (3) co-governance
(communities as partners in decision-making on flood risk planning and resource alloca-
tion). Most studies reviewed operate at modality 1. Some studies that claim community
‘participation’ in their abstracts deliver modality 1 in their methodology [64]. This distinc-
tion has implications for the proposed urban flood vulnerability index, and if community
engagement is operationalized only at modality 1, the index will quantify exposure to
information, not actual preparedness capacity. Therefore, future index construction should
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include indicators of engagement quality that distinguish between these modalities, based
on participatory action research frameworks and adaptive co-management theory [89-92],
ultimately strengthening community resilience and long-term water security in flood-prone
urban areas.

The implications of this review are broader than technical flood management and are
relevant to the governance architecture of smart city development. The evidence suggests
three policy directions that are actionable. First, the authors suggest that municipal gov-
ernments mandate standards for data interoperability for flood-related technologies, and
the reviewed studies highlight a major fragmentation problem: LSTM models, GIS plat-
forms and blockchain systems operate in separate institutional silos, preventing the type
of integrated risk intelligence required for true urban resilience [59,74]. Second, national
disaster management frameworks need to formally recognize community preparedness as
a measurable, fundable outcome, rather than a co-benefit of infrastructure investment. Evi-
dence indicates that communities with organized preparedness training and access to early
warning systems have significantly higher flood resilience indicators [62]. Public funding
mechanisms, however, often do not consider community capacity building as primary
infrastructure. Third, the transition to smart city flood governance must be accompanied by
equity safeguards; the reviewed literature consistently shows that technology-dependent
early warning systems exclude low income, low literacy and informally housed popu-
lations [38], precisely those with the highest flood exposure. Thus, any comprehensive
urban flood vulnerability index must have a governance readiness dimension to assess
the existence of municipal capacity to operationalize the index equitably across socio-
economic strata. Synthesizing these findings, this review then proposes a conceptual urban
flood vulnerability index structured around four complementary dimensions: first, tech-
nological capacity, reflecting the availability and integration of predictive, spatial, and
information integrity tools; second, the quality of community engagement, to distinguish
passive information reception from participatory co-production and co-governance; third,
socio-economic vulnerability, to capture the exposure of low-income, low-educated, and
informally housed populations; and fourth, governance readiness, to assess the capacity
of city governments to operationalize the index equitably, including safeguarding water
security for the most vulnerable urban populations. The explicit integration of these four
dimensions, rather than the isolated application of a single technology, constitutes the
conceptual contribution of this review.

5. Future Research Directions

In this review, five priority directions are identified to advance the field of technology-
integrated urban flood vulnerability assessment. First, validation studies are needed
that combine multiple technologies. To the best of our knowledge, no previous study in
the reviewed corpus has integrated LSTM predictive modelling, GIS-based vulnerability
mapping and community engagement frameworks in a single validated pipeline. Future
research should design longitudinal intervention studies to test the compound effect of
technology—community integration on measurable preparedness outcomes. Second, the
proposed index of urban flood vulnerability needs empirical operationalization and valida-
tion across contexts. The index development will be guided by the established methodology
for composite indicators [93] with explicit weighting procedures, sensitivity analysis and
pilot testing for at least three urban typologies: high-income data-rich cities, mid-income
data-sparse cities and informal settlement zones. Third, Global South contexts are still very
under-represented. Of the 27 studies reviewed, only four are from Sub-Saharan Africa and
one from Southeast Asia. Given that urban flood exposure is disproportionately concen-
trated in low- and middle-income country cities [94], where adaptive capacity is lowest,
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future research must proactively prioritize these geographies, resisting methodological
approaches that assume data infrastructure comparable to the Global North. Fourth, the
corpus analyzed has not discussed the role of gender, age and disability in technology ac-
cess and flood preparedness. Future index architectures should embed social vulnerability
dimensions, not tack them on as afterthoughts. Fifth, emerging deep learning approaches to
flood depth classification from visual imagery (e.g., CBAM-ResNet50 applications) provide
a low-cost, highly scalable frontier that should be systematically integrated into urban flood
early warning systems, particularly in fast-urbanizing regions where sensor infrastructure
lags population growth [95], and where water security remains critically at risk.

6. Conclusions

From 2022 to 2025, research on urban flood vulnerability has evolved towards the
utilization of technology in flood mitigation efforts. The technologies used are multivariate
LSTM artificial neural networks for predictive hydrological modelling, LIDAR and GIS for
topographic analysis, and blockchain to ensure flood prediction data, as well as the use of
non-immersive virtual reality interfaces and simulated flood hazard visualization directly
involving the community so that flood risk information can be well-received. However, the
gap between technology utilization and community involvement is very high, so there is a
need to develop a comprehensive urban flood vulnerability index that can provide a holistic
approach. The comprehensive approach parameterizes vulnerability and real-time updates,
community engagement and infrastructure improvements, and planned preparedness,
while also addressing water security as a critical dimension of urban resilience. Bridging
the gap between technological advancement and community engagement, the urban flood
vulnerability index provides the best standardized and adaptable method to assess urban
flood vulnerability from various aspects.
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