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Abstract

Flooding is the most frequent and destructive natural disaster currently facing Sri Lanka.
Rapid urbanization and changing precipitation patterns are exacerbating the situation, leading
to extensive socio-economic damage and disrupting countless lives. Despite the availability of
technology-based applications that can raise disaster awareness and improve management,
these tools are not fully utilized in Sri Lankan communities. The study addresses the critical
issue of insufficient awareness and the lack of formal early flood alert mechanisms within Sri
Lankan. Although, recent technological advancements offer opportunities for community to
engage in sharing early disaster warnings among their networks, they remain underutilized.
The community engagement in disaster management is still minimal, reducing the
preparedness and resilience of vulnerable communities. To address this, a platform integrating
a crowdsourcing-based mobile application with a web application was developed, aiming to
make disaster management and response inclusive through community involvement and
advanced remote sensing technologies. A flood vulnerability assessment model was created
using 30 years of historical flood data and nine conditioning factors, including topographic
features, weather-related variables, hydrological networks, land cover, and soil type, with
Sentinel-2 satellite imagery for the Kelaniya watershed area enhancing the model's accuracy.
The mobile application facilitates real-time data collection from individuals in flood-prone
areas, who can report on flood levels, affected locations, and other critical information. This
crowdsourced data undergoes rigorous verification to ensure accuracy. Once validated, the
information is visualized on a web application, serving as a vital communication tool for both
the community and disaster response authorities. The methodology includes developing the
vulnerability assessment model, creating the mobile application with integrated crowdsourcing
techniques, and conducting trial workshops to engage the community and validate the platform
with the contribution of relevant authorities. Mobilization strategies are proposed based on
insights from these community interactions. By prioritizing community participation and
utilizing cutting-edge geo-information technologies, this research significantly contributes to
building resilient and proactive urban communities in Sri Lanka. The findings demonstrate the
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substantial potential of combining crowdsourced data with remote sensing to enhance disaster
management and community resilience.

Keywords: Community engagement, Crowdsourcing, Flood vulnerability assessment, Remote

sensing

Introduction

Urbanization is an undeniable global phenomenon as of 2021, more than 55% of the world's
population resides in urban areas (Geekiyanage et al., 2021) and this figure is expected to
rise to over 66% by 2050 (Ni et al., 2019). While urban development is crucial for socio-
economic progress, it also presents significant challenges in regard to natural disasters.
Moreover, a significant number of cities worldwide, namely those with populations
exceeding 500,000, are at a high risk of being affected by various disasters such as floods,
droughts, earthquakes, tsunamis, and wildfires (Junhua et al., 2023; Saja et al., 2021). Urban
flooding was documented as the predominant natural disaster, which accounts for 44% of
all disaster occurrences between 2000 and 2019 Over 2 billion people worldwide are
exposed to the risk of flooding (UNDRR, 2021). Over the years, there has been an increase
in the frequency of urban flood events in Sri Lanka, resulting in significant socio-economic
consequences and posing challenges to countless lives. Urban floods caused the most
property damages, with a numerical value of 243,655, between the years 1965 and 2019
(Abeysinghe et al., 2021). According to the World Bank, approximately 50% of Sri Lanka's
population is residing in areas that are flood vulnerable, while the economic damage from
flooding is estimated at about 1% of the country's GDP yearly (Walsh & Hallegatte, 2019).
Colombo, Gampaha, Kalutara, and Rathnapura are districts in Sri Lanka that have seen
significant urban flooding. This flooding has been exacerbated by the increased rainfall
brought on by the activation of the South-West monsoon (Gunathilaka & Harshana, 2023).
The rapid process of urbanization, coupled with the influence of changed precipitation
patterns resulting from climate change, are factors that contribute to the escalating
occurrence and severity of floods (Xu et al., 2024). The urban population of Sri Lanka is
expected to rise to 60% by 2030, up from 14% in 2010 (SerasinghePathiranage et al., 2018).
The rapid growth of cities into flood-prone areas without sufficient planning and
infrastructure exacerbates the impact of floods. This leads to the formation of informal
settlements in vulnerable sites, increasing the risk to lives and property during flood

occurrences.
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Although there are technology-based solutions available for enhancing disaster awareness
and management, they are not widely utilized within Sri Lankan communities. Jayasinghe
et al. 2023 emphasize the pressing problem of inadequate awareness and the absence of
official early flood alert systems in the country. This gap leads to limited participation from
the community in disaster management, which reduces the level of preparedness and
resilience of vulnerable populations in the face of disasters. Recent technological
breakthroughs provide communities with the opportunity to share early crisis warnings
throughout their networks. Mobile applications and crowdsourcing platforms are being
recognized as useful means to improve community involvement (Alhaffar et al., 2023;
Franco et al., 2019; Leventhal et al., 2024). Ushahidi, a platform that originated in Kenya,
enables users to promptly submit and map disaster information, leading to a substantial
enhancement in situational awareness and response activities (Krishna et al., 2020).
Furthermore, there is a noticeable shift from conventional relief-focused strategies to more
progressive methods that highlight Disaster Risk Reduction (DRR) and Community-Based
Solutions (CBS). The trend towards more decentralization and participation is facilitated by
the use of advanced technological tools like GIS mapping, artificial intelligence (Al), and
the Internet of Things (loT). These tools improve the efficiency of community-based
initiatives. These technologies enable the collection and distribution of data in real-time,
allowing communities to actively engage in disaster preparedness and response operations
(Kaur, 2024; Roy et al., 2023).

To fill this gap, the study develops a platform integrating a mobile application based on
crowdsourcing with a web application. The platform aims in promoting inclusivity in
disaster management and response by including the community and utilizing remote sensing
technologies. A flood vulnerability assessment model has been developed by utilizing 30
years of historical flood data and nine conditioning elements, such as topographic features,
weather-related variables, hydrological networks, land cover, and soil type etc. The
smartphone application enables the instantaneous gathering of data from persons residing
in flood-prone regions, enabling them to report flood levels, impacted areas, and other vital
information. The crowdsourced data is subjected to verification using machine learning
model to assure its accuracy. After being confirmed, the information is displayed on a web
application, which serves as an essential communication tool for both the community and

disaster response authorities. The methodology encompasses the formulation of a
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vulnerability assessment model, the construction of a mobile application including
crowdsourcing methodologies, and the execution of trial workshops to involve the
community and authenticate the platform with the participation of pertinent authorities.
Mobilization techniques are suggested using the knowledge gained from these community
contacts. This research makes a substantial contribution to the development of resilient and
proactive urban communities in Sri Lanka by placing a high priority on community
engagement and leveraging advanced geo-information technology. The results illustrate the
significant capacity of integrating crowdsourced data with remote sensing to improve

disaster management and community resilience.

1.1.0bjectives of the Study

1. To develop a web application with complementary volunteer crowdsourcing-based mobile
application that enables real-time flood data collection and dissemination, enabling
Participatory Risk Sensitive Urban Development (P-RSUD)

2. Tocreate a flood vulnerability assessment model using historical flood data remote sensing
technologies and Night-time light data to accurately identify and map flood-vulnerable

areas

1.2.Research Question

1. How to develop a web application, integrated with a volunteer crowdsourcing-based mobile
application, facilitate real-time flood data collection and support effective stakeholder
engagement in Participatory Risk Sensitive Urban Development (P-RSUD)?

2. How can historical flood data, remote sensing technologies, and night-time light (NTL)
data be integrated to create a comprehensive flood vulnerability assessment model?

3. How to mobilize the developed volunteer crowdsourcing application to efficiently gather

reliable, real-time disaster information?

1.3.Study Area

The Kelaniya watershed area has been selected as the case study for this study considering its
significant relevance to urban flooding in Sri Lanka. The study area covers approximately an
area of 2,298.9 km? and is subjected to rapid urban growth and frequent flooding. The Kelani
River, across this watershed basin, undergoes annual flooding, mostly during May, and

occasionally in February and November, with water levels rising to an average elevation of 3-
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4 meters near the two main gauging stations, Nagalagamweediya and Hanwella. The Hanwella
station has been identified as the location with the highest risk of flooding in the basin. Over
the previous decade, water levels at this station have risen by 19.7 meters, which represents a
significant increase of 89.3% (Dushyantha & Ptuhina, 2020) Furthermore, the rapid urban
expansion as seen in time-lapse satellite pictures, emphasizes the need to investigate this area
to assess the extent of human vulnerability to urban flooding. The study area was defined using
the Digital Elevation Model (DEM) generated from the Shuttle Radar Topography Mission
(SRTM) data, acquired from the USGS Earth Explorer.

Yambadeniyd Galageftara ] N
Wattegama { A
G it / Holgahaweeis ll - - - —_—— o\ W
GINOIS r nb S |
Rambukkana | Katugasthota v Ududumbar
eldeniys
Algwiva [ Kandy | Hunasgicya
s Pilinhathalawa '
rigama auanKegalle Mawaneila |
WarSkBpol_ mebacd | "o | Daulagala |
t R0 { . rigama
H . { cilaha
PR e Sy [\ weligalta .~ 19*¥ ]
s 2Aranayake ot {
il 3 {Gampola |
als L&v'- 1 askada
5 3 Kurund{matte
,,,,, B Wakipane
Srase shage
i
- P

Nuwara Eliya

(olo@:.h’
-

ey
Snw.\*w'w:w'h B2 i ik .‘
Kolte 3 SN W
=y s, s R Sreivdgods” ¢
Maharegana s . R E
A o

& T 5 |
Moratuwa e | Kuruwita P e, O
\ | SRR

Ratnapura

.......... y Watscbods Source: Derived from the Digital Elevation Model
¢ Kelani Watershed Area Aicroodics USGS Earth Explorer (https://earthexplorerusgs.gov)

Source: Derived from the Digital Elevation Model, USGS Earth Explorer

Figure 1: Study Area (Kelaniya Waterhsed Basin)

1.4.Limitations

There are few limitations in the study, significantly the technological and logistical
limitations. The mobile and web applications were developed in open-source software and
platforms that are non-paid, hence with very limited capabilities and scalability. Another
challenge is data accuracy and quality issues innate in any crowdsourced data. This can be

partially allayed by the development of a machine learning model to further enhance data
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validation. In Sri Lankan context the community engagement and participation are
considerably low. This may be furthered by the different levels of digital literacy among the
various communities. Furthermore, the crowdsourcing efforts are carried out inconsistently
due to the developing volunteering culture in Sri Lanka itself. Factors that underline the
need for further research and development in order to enable the overcoming of the above-
mentioned limitations, particularly in data quality, and the diffusion of technological

solutions.
Literature Review

Urban areas are increasingly vulnerable to risks stemming from natural disasters, decisive
urbanization, and climate change, requiring innovative solutions for addressing these
challenges. Conventional disaster management approaches, which typically involve
hierarchical decision-making procedures, have faced criticism for their insufficient
involvement of local communities in decision-making (Comfort & Dunn, 2023). These
approaches typically emphasize hierarchical systems and regulatory frameworks that give
more importance to formal institutions rather than grassroots initiatives, leading to

inadequate involvement of the community (Mayer, 2019; Mohammad & Hug, 2016).

Recent research during the past decade, highlights the significance of participatory
methodologies that actively engage communities in the management of urban hazards,
especially in places that are prone to disasters. Singh et al. (2024) and Varsha et al. (2024)
have observed an increasing inclination to incorporate modern technology, such as
unmanned aerial vehicles (UAVs), Internet of Things (I0T) networks, artificial intelligence
(Al), and machine learning (ML), into disaster management techniques. These technologies
enable the efficient handling of vast datasets, enhance the accuracy of predictive models,
and enhance the ability to make informed decisions. Although these systems are
technologically sophisticated, they frequently lack direct community engagement, which is
crucial for efficient urban risk management(Teo et al., 2019). The objective of the proposed
research is to address this gap by creating a web application that utilizes a mobilized
crowdsourcing platform to facilitate participatory risk-sensitive urban development. This
strategy is in line with the current trend towards more inclusive and community-centered
strategies in disaster management, as emphasized by recent studies. This research proposes

an innovative approach to address the difficulties of managing urban risks caused by climate
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change and increased urbanization. It combines technology-driven strategies with

community involvement.

The literature underscores two primary approaches to disaster management. The first
approach emphasizes community involvement, whereas the second approach depends on
data-driven solutions without direct community involvement. The initial strategy,
commonly referred to as Community-Based catastrophe Management (CBDM), prioritizes
the involvement of local communities and their expertise in the management of catastrophe
risks. Nevertheless, this approach may be inadequate in addressing intricate, extensive
disaster situations that necessitate advanced data analysis and real-time information
(Comfort & Dunn, 2023). During the past decade the second approach, which emphasizes
data-driven approaches such as remote sensing, historical event analysis, and Al-based
predictive modeling, has become increasingly prominent. According to the literature survey
done over two-thirds of the case studies on disaster management (20 out of 30) have focused
on the implementation of innovative technology through smart technological approaches.
These techniques facilitate quick data processing and identification of patterns, which are
crucial for prompt and efficient disaster response. Nevertheless, they frequently exclude
community input, hence restricting their pertinence and efficacy in local contexts (Paton,
2019; Raja & Thomas, 2019).

The use of crowdsourcing platforms for disaster management have been increasingly
popular because they may effectively mobilize community resources and improve data
integrity by utilizing collective input. Ushahidi and similar applications utilize
crowdsourced data to offer immediate awareness of the situation, showcasing the potential
of this method in disaster management(Raja & Thomas, 2019). Similarly, the use of mobile
applications that employ accelerometers to detect seismic activity (such as MyShake) or or
GPS data to monitor user locations have proven effective in improving disaster preparedness
and response (Krommyda et al., 2019). However, the exploration of integrating these
technologies into a cohesive platform for participatory urban risk management is still

limited.

The literature highlights an increasing acknowledgment of the necessity for inclusive
disaster management solutions that integrate technical innovation and community

involvement. Nevertheless, there are still substantial obstacles to overcome in order to
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achieve this integration. An example of a significant obstacle to effective community
participation is the limited digital literacy and lack of access to technology experienced by
vulnerable and marginalized communities (Madhavaram et al., 2017; Zangana, 2022).
Furthermore, the presence of cultural and linguistic variety can provide additional
challenges when attempting to engage local populations in disaster management (Teo et al.,
2019).

The literature examined demonstrates a distinct evolution in the discourse of risk-sensitive
urban development, with a growing emphasis on technology, data-driven approaches, and
community involvement. Prior to 2000, the main focus of talks revolved around social
geography and the synchronization of urban development, with little attention given to
technology innovation (Mayer, 2019). Starting from 2018, there has been a clear change
towards more advanced and interrelated ideas in urban risk management. These include
concepts like "feasibility,” "socio-economic considerations,” "stakeholders,” and
"preparedness.” This movement reflects the increasing complexity of the field (Comfort &
Dunn, 2023; Paton, 2019).

Recent research emphasizes the growing significance of technological advancements in
urban risk management, with concepts such as “crowdsourcing,” "cloud computing,” "Al,"
and "gamification™ gaining prominence in scholarly literature (Singh et al., 2024; Varsha et
al., 2024). This trend highlights the necessity for inventive solutions that can efficiently
incorporate these technologies into participatory risk management systems. The online
application being proposed addresses this requirement by providing a platform that utilizes
crowdsourcing and real-time data analytics to boost community involvement and enhance

urban resilience.

The proposed research offers many substantial contributions to the realm of urban planning
and disaster management. Firstly, it fills a significant void in the existing body of knowledge
by combining community involvement with novel technology tools inside a unified
platform. This technique provides a comprehensive answer to the issues of managing urban
risks by combining the advantages of both classic and contemporary methodologies.
Furthermore, the research emphasizes the capacity of activated crowdsourcing platforms to

support participatory urban development, offering significant perspectives.
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Methodology
This study employed an inductive research approach, starting with the identification of

practical flood management issues in Sri Lanka and progressing through the iterative
development of technology-driven solutions based on empirical data and stakeholder input.

The research was structured into three primary phases (Figure 1: Research design):

[ Initial Mobile App Development & Testing Stage

Bibliometric, Systematic Literature Reviews & EXxisting
Mobile Application Review

Final Product Development with the Web Application
Development

Figure 1: Research Design

I.  Phase 1: Initial Mobile App Development and Testing

The first phase involved developing and testing a prototype mobile application to collect
real-time flood data using crowdsourcing techniques. The app was designed using web-
based, open-source platforms to facilitate cost-efficient deployment (Figure 2: Initial
Mobile App Design). Thirty participants from the Kelaniya watershed basin area,
representing diverse demographic backgrounds, were selected randomly to test the app's
functionality and usability, significantly to test the functioning of a crowdsourcing based

mobile application in Sri Lankan context.

Report Your Risk Your Contribution Sign Up

I susvi |

SIGN UP SUBMIT

Figure 2: Initially Developed Mobile App
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Participants engaged in practical trials to evaluate the app's performance, including tasks
related to data input, navigation, and overall user experience. Feedback was collected via a
structured questionnaire, focusing on usability, willingness to contribute to crowdsourcing,
and volunteer activities. The feedback identified key areas for improvement, such as user
interface complexity and the need for an emergency contact feature. Based on this input,
the app underwent iterative refinement to align with technical and user engagement

requirements (Figure 3: Photographs of Initial Testing Session).

Kohll.awatta 9 Kelanimulla 9 Galwal.la Junction, 9 Ambatale 9 Kaduwela
.V Junction A S -V Mulleriyawa New ¥ Junction R

Town

Figure 3: Photographs of the Initial Testing Session

Il. Phase 2: Bibliometric, Systematic Literature Review, and Existing Mobile
Application Review

A comprehensive bibliometric study was conducted using academic databases like Web of
Science and Google Scholar to understand trends in risk-sensitive urban development. A
total of 525 articles were retrieved using keywords like "Risk Sensitive Urban
Development." A systematic review followed, using PRISMA guidelines to refine the
dataset to 56 relevant articles that provided the basis for the study's conceptual framework
(Figure 4: PRISMA Flow Diagram).
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TITLE-ABS-KEY ((Risk OR Disaster OR Hazard) —¢
AND (Sensitive) AND (Urban OR City OR Cities
OR Town) AND (Development OR Design)) AND Adding the
Exploring (LIMIT-TO (Language, “English™)) Keywords
Search
Terms (n=548) “Community”,
“Participation”
l “Awareness”
OR
TITLE-ABS-KEY ((Risk OR Disaster OR Hazard) “Crowd -
AND (Sensitive) AND (Urban OR City OR Cities rowdsourcing
. OR Town) AND (Development OR Design)) AND
Identification (Community OR Public) AND (Awareness OR
Participation) OR(Crowdsourcing) AND (LIMIT-
TO (Language, “English”)) AND (LIMIT-TO
(Journal Articles))
(n=91)
- Screening by Reading the Article Titles
Screening (Removed 21)
(n=70)
Screening by Reading the Article Abstracts
Eligibility (Removed 14)
(n=56)
l 4 l
Disaster management Smart Technological approaches Volunteer
and community (case studies) in volunteer crowdsourcing and
engagement crowdsourcing and disaster risk disaster risk (n=12)
(n=30)
(n=14)

Figure 4: The PRISMA Flow Diagram (Adapted From Pérez-Gafan et al., 2023;
Kankanamge et al., 2019)

An additional review of existing mobile applications related to disaster management was
performed, focusing on those available on the Google Play Store due to data extraction
constraints. Seventy-eight apps were identified and categorized based on their type and
functionality, including crowdsourcing disaster management apps, general weather apps,

and flood-specific apps. The review highlighted successful features and gaps in existing
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disaster management apps, such as the integration of sensors (e.g., accelerometers in
MyShake) and GPS data for real-time monitoring, which were adopted for the subsequent
development phases (Habib et al., 2023; Krommyda M et al., 2019)

I11.  Phase 3: Final Product Development and Web Application Integration

The final phase involved refining the mobile app and developing an integrated web
application to assess urban flood vulnerability and human exposure. The mobile app was
enhanced based on user feedback and insights from the literature, focusing on optimizing
user experience, ensuring data accuracy, and incorporating current technologies in disaster
management. Key features added to the refined app include multilingual support, a
simplified user interface, data validation mechanisms, and emergency contact functions to

enhance community engagement and participation.

The web application, developed using Google Earth Engine (GEE) and Java programming
language, is designed to monitor real-time human exposure to urban flooding (Figure 5:
Web Application Development Methodology). The application integrates various
geospatial datasets, such as night-time light (NTL) data and satellite images, to dynamically
map flood vulnerability in the Kelaniya watershed area. Two key dynamic variables critical
to assessing flood vulnerability were identified: precipitation and past flood occurrences.
These variables are known to change rapidly over time and significantly impact the flood
risk profile of urban areas. Real-time precipitation data is vital in predicting flood risk, as
the magnitude and duration of rainfall are directly correlated with flooding events while
Accurate historical flood data is essential for predicting future flood risks and understanding
flood patterns (Khosravi et al., 2018; Manandhar et al., 2010).

The innovative aspect of this approach lies in the utilization of crowdsourced data for these
two dynamic variables. The mobile app enables users to report real-time observations
related to local precipitation levels and any recent flood events. This data is then
continuously fed into the web application, allowing for near-instantaneous updates to the
flood vulnerability models. By incorporating real-time crowdsourced data, the web
application provides a more accurate and up-to-date representation of flood risk.
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While static variables, such as topography (slope, elevation, and curvature), land cover,
hydrological network characteristics, and soil type are already integrated into the GEE
platform, these datasets do not require frequent updates as they represent relatively stable,
long-term conditions(Rahmati et al., 2016; Tehrany et al., 2014). The static datasets,
sourced from reliable repositories like the USGS Earth Explorer and local meteorological
and survey departments, form the foundational layers of the web application's flood
vulnerability assessment framework. By combining these stable datasets with dynamic,
real-time data on precipitation and past flood occurrences sourced directly from community
members, the web application offers a more comprehensive and current analysis of flood
vulnerability. This integrated approach also facilitates stakeholder collaboration in
validating data accuracy, enhancing trust in the platform's findings, and encouraging

ongoing community engagement.

By incorporating these real-time, crowdsourced inputs, the web application dynamically
adjusts its analysis to reflect the latest conditions, thereby offering a robust tool for disaster
preparedness and response. The integration of these data points ensures that urban planners
and disaster management authorities have access to the most current information, enabling
them to make informed decisions and take proactive measures to mitigate flood risks. This
model demonstrates how leveraging community-sourced data can bridge gaps in traditional
disaster management frameworks and enhance the resilience of urban areas to climate-

related hazards.
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Figure 5: Web Application Development Methodology
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Results and Discussion

The first stage of the study focused on the development and initial testing of a mobile
application designed to collect real-time flood data using a crowdsourcing approach. The
app was tested by a diverse sample of 30 individuals from the Kelaniya watershed basin
region, including three-wheeler drivers who are highly mobile and familiar with the local
flood-prone areas. This sample represented a broad range of demographics, including
various age groups, income levels, and educational backgrounds, to ensure a comprehensive
assessment of the app's usability and functionality (Figure 6: Age Groups of the

Respondents).

Age Groups of the Respondents

17% = Below 30

= 30-40
40-50
50-60

27% = Over 60

Figure 6: Age Groups of the Respondents

The initial feedback from the testing phase revealed that 90% of respondents highlighted
the absence of an effective early warning system for floods in their locality. Many
respondents relied on traditional indicators, such as observing rising river levels or
continuous monsoon rains, to gauge flood risks. This lack of formal warning systems
underscored the need for a digital platform that could provide timely and accurate flood

alerts.
During the testing period, participants were asked to use the mobile app to report flood
occurrences and precipitation data over ten days of monsoonal rainfall in September 2023.

The results showed that users found the app's primary functions—data input, navigation,
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and reporting—to be generally effective. However, some concerns were raised regarding
the app’'s complexity and the need for additional features, such as emergency contact options

and real-time communication channels with local communities.

Based on the feedback received from initial testing, finding from the systematic review of
literature and existing mobile app review several key refinements were made to enhance the
usability and functionality of the mobile application, transforming it from a basic
crowdsourcing tool into a comprehensive platform for flood data collection and community

engagement.

ROPOE YR R ek Emergency Contacts

Disaster Recorder

=) Is it raining in your
s area?
05040

Continue with...

Figure 7: Welcome screen, reporting risk & emergency contact
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Figure 8: Login & Sign In Screen
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Figure 9: Am | at a risk option linked to Web Application
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Figure 10: Reporting a Flood Event
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Figure 11: Precipitation Data Crowdsourcing Function
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Age
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Did your residence flood during
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Figure 12: User Profile and Edit Profile and Incentivization

One of the primary improvements was the introduction of multilingual support, enabling
the app to function in both Sinhala and English. This adjustment was crucial in addressing
the digital divide and enhancing accessibility for a wider audience, particularly for users
who may be less proficient in English or possess limited digital literacy (Figure 7: Welcome
screen, reporting risk & emergency contact). By offering language options, the app's
usability was expanded to accommodate the diverse linguistic needs of the community, thus

ensuring broader participation.

To further enhance the user experience, the app underwent a redesign of its user interface
to make it more intuitive and user-friendly. This refinement involved simplifying the
navigation process and ensuring that critical functions, such as flood reporting and

emergency contacts, were easily accessible. These changes significantly improved user

Page 19 of 28



2024

oY
AC R S Asian Conference on Remote Sensing (ACRS 2024)

engagement by reducing complexity and minimizing potential barriers to participation,

allowing even less tech-savvy users to interact with the app seamlessly.

Additionally, the app incorporated data validation mechanisms using a machine learning
model, specifically the Density-Based Spatial Clustering of Applications with Noise
(DBSCAN) algorithm. This model was integrated to enhance data accuracy by identifying
and filtering out outliers or erroneous data entries. By ensuring that only reliable and valid
data is used for analysis, the app improved the credibility of the crowdsourced information

and the effectiveness of flood risk assessments.

The inclusion of an emergency contact feature was another critical enhancement, allowing
users to seek immediate help during flood situations (Figure 7: Welcome screen, reporting
risk & emergency contact). This feature was developed in response to feedback from
participants who had experienced direct impacts of flooding and identified it as a crucial
addition. By enabling real-time communication with emergency services, the app’s practical
utility during disasters was significantly enhanced, making it a more valuable tool for users

in crisis situations.

To sustain user engagement over the long term, an incentivization mechanism was
introduced (Figure 12: User Profile and Edit Profile and Incentivization), where users earn
points for providing flood-related data. Collaborations with private enterprises were
established to offer tangible rewards, such as discounts or vouchers, which helped to
motivate continuous participation. This points-based system not only encourages users to
contribute data regularly but also encourage the sense of community involvement and

ownership over the data collection process.

The web application, developed using Google Earth Engine (GEE) and Java programming
language, was designed to dynamically assess urban flood vulnerability and human
exposure by integrating both static and dynamic data layers. The web app is available at,

https://ee-researchnuwani.projects.earthengine.app/view/floodexposure. The core

functionality of the web application revolves around the integration of static geospatial
data—such as slope, elevation, land cover, and hydrological network characteristics—with

dynamic, crowdsourced data on precipitation and past flood occurrences.
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A significant innovation in the web application is its use of crowdsourced data to update
two critical variables in real-time: precipitation levels and recent flood occurrences. These
two factors are highly dynamic and can change rapidly, significantly influencing flood
vulnerability assessments ((Khosravi et al., 2018; Manandhar et al., 2010). The mobile app
collects this data from users, which is then transmitted to the web application, allowing for
continuous updates and more accurate flood risk modeling. While static datasets such as
topographic features and soil types provide foundational information and do not require
frequent updates, the integration of real-time crowdsourced data on precipitation and flood
occurrences allows for a current and precise assessment of flood risks. This capability is
particularly crucial in urban areas where flood risk can change rapidly due to sudden

weather events or changes in land use patterns.

The web application successfully produced dynamic flood vulnerability maps for the
Kelaniya watershed area by overlaying static conditioning factors with real-time
crowdsourced data. The results provided several key insights into the nature of flood risks
in this region. Firstly, the application identified three highly vulnerable urban hotspots:
Kaduwela, Kelaniya-Peliyagoda, and Kolonnawa-Koswatta corridors (Map 1: Areas with
Very High Urban Flood Vulnerability). These areas are characterized by a high
concentration of human activities, significant infrastructure development, and frequent
flood events. For instance, Kaduwela, which has experienced rapid urbanization and
infrastructure development, is highly susceptible to flooding due to increased runoff and

reduced natural drainage (Ranaweera & Ratnayake, 2017).
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The study further demonstrated a clear link between urban growth and increased flood risk.
Areas with significant infrastructure development, such as the Kaduwela-Malabe corridor
and the Kolonnawa-Koswatta economic centers, were shown to have higher vulnerability
to urban flooding. This finding aligns with previous studies that have highlighted the impact
of urban sprawl and impervious surfaces on flood risk (Pradhan & Youssef, 2010; Tehrany
et al., 2014). Moreover, the web application enabled a more nuanced understanding of
human exposure to flooding by integrating night-time light (NTL) data. For example, areas
like Hanwella were identified as having varying levels of flood vulnerability depending on
the concentration of human activities (Map 2: Human Exposure to Urban Flooding -
Hanwella Area). This finding emphasizes the importance of considering both flood
susceptibility and human activity levels when assessing flood risk.
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By continuously updating precipitation and past flood occurrence data, the web application
can dynamically adjust flood risk assessments to reflect current conditions. This capability
ensures that the information provided to urban planners, disaster management authorities,
and the public is always up-to-date, facilitating timely and effective responses to changing

flood risks.

The integration of crowdsourced data into flood risk assessment models represents a
significant advancement in disaster management strategies. The study demonstrates that
real-time, community-sourced data can effectively fill gaps in traditional flood management
approaches, which often rely on static datasets and delayed information. By leveraging local
knowledge and real-time observations, the web application offers a more comprehensive
and adaptable tool for urban flood risk management. However, challenges remain in
ensuring data quality and encouraging sustained user engagement. While the DBSCAN
model effectively filtered out anomalous data points, maintaining data accuracy requires
continuous monitoring and validation. Furthermore, the incentivization mechanisms
implemented in the mobile app—such as rewards and gamification—proved effective in
encouraging user participation, but long-term engagement may require additional strategies,

such as community outreach and education programs.
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The findings of this study have several important implications for urban flood risk
management. Firstly, the real-time integration of dynamic data provides urban planners and
disaster management authorities with timely and accurate information, enabling more
informed decision-making and proactive flood mitigation measures. Secondly, by involving
local communities in data collection, the crowdsourcing approach empowers residents to
take an active role in disaster preparedness and response. This participatory approach fosters

greater trust and collaboration between the public and authorities.

Furthermore, the design of the web application allows for easy adaptation to different
geographic locations with minimal input data layers, making it a scalable solution for other
urban areas facing similar flood risks. Lastly, the study highlights the potential of
integrating advanced technologies, such as machine learning and artificial intelligence, to
further enhance the accuracy and effectiveness of flood risk assessment tools. Future
research could explore the use of additional data sources, such as social media feeds and
loT sensors, to complement crowdsourced data and provide an even richer dataset for
analysis.

Conclusion and Recommendation

This study marks a significant progress in utilizing crowdsourced data along with flood
vulnerability analysis developing a platform with a mobile and a web application. By
utilizing 30 years of past flood data and Sentinel-2 images of the identified flood
occurrences, along with up-to-date crowdsourced data, the platform offers a comprehensive
tool for monitoring and evaluating the level of human exposure in flood susceptible areas.
The mobile application effectively involves in crowdsourcing disaster data and,
disseminating disaster alerts, while the web application provides robust visualization and
analytical features, allowing users to gain a deeper understanding of and respond more

effectively to flood hazards.

The platform highlights the capacity of crowdsourcing as an efficient approach for
collecting specific, real-time information. By integrating historical data, this approach
greatly improves the precision and significance of flood vulnerability evaluations. By
integrating machine learning techniques, such as DB SCAN, to verify crowdsourced data,
the reliability of the acquired information is significantly enhanced. In addition, the mobile

app's inclusive design caters to a diverse user base, including individuals with less
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sophisticated devices. This approach helps bridge the digital gap and promotes wider

engagement.

However, the study highlights a significant obstacle: the need to continually motivate people
to actively participate on the site. Although the program is technically strong and provides
significant advantages, enhancing long-term user engagement is a crucial aspect that needs
to be further strengthen. The results indicate that while a significant number of users value
the effort, there are individuals who do not possess the drive to consistently provide data.
This is frequently attributed to the presence of pre-existing local knowledge or a strong

inclination towards self-reliance in managing flood hazards.

In order to address this obstacle, the study suggests the implementation of focused
mobilization techniques. These could involve forming alliances with local government and
private companies to provide concrete incentives and acknowledgment for individuals who
actively contribute, thus motivating their engagement. Furthermore, increasing community
awareness regarding the platform's wider societal advantages, such as its ability to enhance
early warning systems and safeguard vulnerable populations, could serve as an additional
incentive for active participation. To achieve continuous mobilization, it is crucial to
implement community-based outreach activities, incorporate educational content within the
app, and ensure that the platform stays user-friendly and responsive to criticism. Ultimately,
the effectiveness of this platform in participatory flood risk management is on its ability to
effectively mobilize and retain user engagement. By tackling these difficulties, the platform
may fully realize its promise as a crucial instrument for improving disaster resilience and

promoting a proactive culture of flood risk management.
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